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Suv lasers 


265-350nm 


TUNABLE DYE LASER from Electro-Photonics 
offers a choice of output from 265nm to 
about 350nm. This is o-tained by frequency 
doubling the output from a flash lamp pumped 
dye laser giving a visible output in the 

TEM mode of a few mJ with a pulse width 


00 
of approximately 350ns. 


325nm 


HELIUM-CADMIUM LASER from Liconix can give 
over 5mW in the UV. Three models are 
ilable giving output at TEM,, of 1.OnwW, 
mW and 5mW. These lasers can be fitted 
with an interchangable set of mirrors to 
give outputs up to 18mW at 441.6nm. 


337nm 


NITROGEN sealed gas laser from Laser Energy 
can be pulsed up to 10OHz to give average 
powers of 20mW. Each pulse has an energy of 
200uJ with a pulse width of about lOns. 

This system can be used to pump the Laser 
Energy dye laser giving a tunable output 
between 370 to 650nm. 


We sell many other lasers and laser 
accessories. 


electro-photonics 


HOME SALES OFFICE: 


69 Temple Street, Rugby CV21 3TB. 
Tel. Rugby (0788) 4067. 
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The study of the way ectothermic organisms react to 
temperature continues to produce insights that are rele- 
vant to a number of general biological problems. For 
example, the application of temperature changes as a 
research tool has revealed that the modulation of enzyme 
activity by cofactors and changes in membrane permea- 
bility are amongst the basic mechanisms controlling 
adaptive processes. 

The first section of this book presents the most important 
recent findings and speculations about responses to 
temperature in ectotherms and heterotherms. 

The second section looks at temperature as an ecologi- 
cal factor and analyzes some of the subtle ways in which 
it controls biological processes in ectotherms (which 
represent some 95 °/o of the organisms living on the Earth) 
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figures. 
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occasional short discussion of papers 
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placed on contributions in this 
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THE science of human nutrition in Britain has fallen 
on hard times. Of that, even the practitioners themselves 
seem to agree. In the last war the nutritionist played a 
major and acknowledged role in keeping the public 
healthy (some would say healthier than ever before or 
since). These days scientists turn their noses up at the 
thought of becoming nutritionists and the public gets 
little or no advice on what constitutes a balanced diet— 
apart from keeping cigarettes out of it. The situation 
seems to be worse, if anyting, elsewhere in Europe. 

Nutrition is not an easy subject to define, as it in- 
cludes so many aspects of other disciplines. Nevertheless 
it may be helpful to make subdivisions such as 

(i) clinical nutritionists dealing with individual cases 
and counselling at the individual level, 

(ii) scientific nutritionists working, say, on vitamins, 
fortification or dietary assessment techniques, 

(iii) epidemiological nutritionists handling the statis- 
tics of large populations and 

(iv) public nutritionists working either with government 
or the food industry on monitoring and information. 

Who becomes a nutritionist? It is here that the prob- 
lems start. There is no prescribed way into the field, 
but a broad biological education, probably with a medi- 
cal background, is desirable. However, the job lacks 
kudos and the attraction of the microscopic and sub- 
microscopic in biology draws away many talented 
students from study of the whole man. In medical 
schools, nutrition is about on a par with chiropody 
in appeal to students, and, for lack of good teachers, 
has often been introduced incidentally in other courses. 
A clinical nutritionist will often find himself a different 
title such as endocrinologist. As a result, those in 
nutritional departments of universities find it extra- 
ordinarily difficult to recruit high-calibre postgraduates, 
who regard the subject as soft and indefinite. 

There is also a problem in the student’s perception of 
a career structure. There are several senior posts in 
nutrition which will fall vacant in the next few years 
and there will be difficulty, it is said, in filling these, 
as there are insufficient middle level positions. Students 
see the lack of obvious upward steps from junior posts 
and they leave for better guaranteed careers. 

Nutrition is very obviously a subject where the inter- 
play between universities, industry and the public health 
services should be strong, but the deficiencies in career 
prospects in the academic sector have not been made 
up for by an adequacy of challenging positions else- 
where. The food industry does not employ many nutri- 
tionists (in contrast with the animal feed industry with 
its obvious interests in fatter beasts—the whdle man may 
not be a proper study of mankind, but the whole pig 


\ certainly is). Those that industry does use are frequently 


` 4 


approving advertisements. Those in public service too 
often find themselves engaged in routine activities, 
whilst there are large public health educational issues 
which go untouched. 

Obesity is a case in point. Many believe that this is 
the major nutritional problem facing the Western world 


>j today, not only in itself, but for the many disorders 


which spring from it. Yet at present next to nothing 
is being done by public health authorities either in 
prevention or cure. Nutritional counselling even of the 
simplest kind barely exists. And for health clubs or 
dieting systems claiming to reduce weight safely there 
is no public supervision. This at a time when the choice 
of foods available to the consumer is large and there 
is a demand for information on good eating habits. 

There are, fortunately, signs of change. The recent 
establishment of two Royal Society Sainsbury Fellow- 
ships should go someway towards producing better 
prospects for career advancement. Further, there is an 
indication that a new generation of students has a greater 
interest in multi-disciplinary people-oriented biology. 
And the new administrative areas of the National Health 
Service should each have a ‘community dietician’. 

Much remains to be done, however, in the field of 
health education. The responsibility is ultimately the 
government’s and the duty is to make the public awage 
of the elementary principles of sound nutrition so that 
more sophisticated choices can be made when buying 
food. It has long been a British principle to assume that 
intuition is a good substitute for understanding, and 
therefore that detailed information about the nutritional 
properties of food is unnecessary. It is time that such 
an attitude was superseded. 

The results of better nutritional counselling would 
be unspectacular, and there would be inevitable doubts 
that a long-term educational programme would have any 
more impact than have anti-smoking campaigns. This 
should not deter government from taking a few inex- 
pensive steps in the right direction. They would at least 
stimulate a greater commitment to nutritional studies 
by the food industry. In turn, this might breathe more 
life into research in the universities. 


100 years ago 


A PETITION signed by twenty-six Professors in the Univer- 
sities of Scotland has been presented to the Prime Minister, 
calling his attention to the treatment of the ladies admitted to 
matriculate as students of medicine in the University of Edin- 
burgh, and afterwards refused the right to graduate, and urging 
the Government to take the whole subject of the University edu- 
cation of women into consideration, with the view of devising a 
remedy for the present anomalies, 


| | engaged simply in ensuring the accuracy of labels or , From Nature, 1% 16, May 7, 1874.9 
a è 


r 





tie, DOES Fiaa a à 


à- 


a 


<a > hw 














c Varley, Friends of the Earth (a charitable organ- 
on committed to the conservation, restoration and 
‘ional: use of the ecosphere) drew attention to the 
energy savings possible through improved insulation 
andards and urged that he encourage the introduction 
of measures which would put an end to unnecessary 
WV aste. Here Christine Thomas, a. researcher with Friends 
| the Earth, describes the sort of savings which might be 
di with a a policy for insulation. 























nd: P the arth ceil spent a Saturday insulating 

fs of. the homes of some 40 old age pensioners 
ig rout the country. They did so in order to draw public 
on to the waste caused by heat loss through poorly 
ed buildings—an estimated 75% of the energy con- 
_for-space heating in homes insulated to present 


insulation can drastically cut this loss; domestic 
m for heating could be reduced by as much 
still maintaining the same degree of comfort, or 
d improving it: Such. savings matter most for those on 
H or fixed incomes-—-in particular the elderly, whose 
Ith and incomes can least withstand excessive fuel bills. 
ording to a recent national study about 6 million old 
le are living in rooms clearly too cold for comfort, 
ee 500, 000 and 700,000 of them having unacceptably 
ody temperatures: clearly candidates for hypothermia. 
was facts like these that prompted the Friends to join 
Age Concern (the National Old People’s Welfare 
a practical gesture to demonstrate the ease with 
lation standards could be improved. Laying glass 
neral wool in an attic costs perhaps £20, and 
S at present pricesa fuel cost saving of some 16% a year 
the average semidetached house. Cavity. walls can be 
d with a variety of foams and mineral substances; solid 
alls can be faced with insulating board; windows can be 
üble glazed. An average investment of £300 would cover 
ements to the roof, walls and windows, together with 
3 t exclusion, cutting fuel consumption by almost a half. 














“a sum can be recouped in less than 10 years by the 
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and: i fael aano pee at a cost of ground £100, 


year, Calculations show that the power demand that would 
be eliminated by such a reduction is some 38,000 MW, 
equivalent to the combined output of some 50 large nuclear 
actors. It would, of course, be expensive to insulate 
isting housing to these standards; a sum of the order of 
000 million would be required. This, however, compares 
avourably, with for instance, the capital cost of the power 
tations that would otherwise be needed: at least £10,000 
million. Thus there could be a saving of more than £5,000 
ilion in the long run, not to mention Savings in, environ- 
ental and social costs associated with the installation of 

e scale generating plant. 
ild clearly be far cheaper. to insulate all homes fully 
build unnecessany power stations gurely to supply 


+ + 
+ 





cent Vetter to “the Sec retary of ‘State for Breier. 


Since domestic heating accounts for 20% of the total 
energy consumed in Britain, the potential national saving” 
would be about a tenth of the present amount of energy 
used, the equivalent of nearly 11 million tonnes of oil each 


$ with this purpose 


The ‘ingfovertient of e E ‘standards is an area of 
nergy conservation readily amenable to legislative 
e E Minimum levels for new dwellings are set 
in the Building Regulations by stipulating the maximum 
values of U (a measure of the conductivity) permitted. The 
regulations are at present made under the Public Health 
Act, which stipulates. that they can only be made with 
specific reference to considerations of health and safety. 
There is argument as to whether present standards are 
adequate even for this limited purpose, and proposals for 
amendments are at present being considered. This, however, . 
seems as far as the present regulations can be pushed. _ 

In order that higher standards, justifiable in terms of 
energy savings, can be set, the scope of the Building 
Regulations will have to be widened. This was discussed 
under the Heath administration when. the Department of 
the Environment was promoting Part IH of the Health and 
Safety at Work etc. Bill, which would have empowered the. 
Secretary of State to make regulations specifically “furthering 
the conservation of fuel and power” (ITI, 61, 2, b). 

At the discretion of a Local Council, Home Improvement 
Grants may at present be given for some upgrading of 
insulation. But the position is not clear; people are unaware 
of the possibility and many councils are reluctant to give 
such grants. Making insulation the subject of ‘a Standard 
Grant would dramatically improve the availability of money; 
and, together with a positive campaign of public education 
to ensure that people took advantage of the scheme, would 
go a long way towards improving standards. 
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HEATING JAIN CONDITION 
SYSTEM STORAGE TANKS T 


A TRANSPORTABLE laboratory to collect data on incoming 
solar energy and to carry out advanced research on solar 
energy heating and cooling systems under widely varying 
climatic conditions across the United States is complet- 
ing tests in the Washington, D.C. area before beginning 
active experiments, The laboratory, housed in two large 
trailers, was taken to the Washington area for calibration 
and evaluation of its. experimental systems and weather 

| instrumentation at the National Bureau of Standards at 
Gaithersburg, Maryland. A major purpose of the 
research with the laboratory will be to obtain 
correlation of solar energy systems with local require- 
ments which vary widely over the United States. In line 

, local groups of designers, architects, 
building contractors, and zoning and building code 





| officials: in communities along its route will visit the 
~ laboratory “to exchange information with researchers on 


specific needs in adapting such systems for use in their _ 
localities. . ë 
















nine. “universities, installed their own 


rectors, .ordered mass suspensions of 
students and staff alike, and began a 


process: of ‘cleansing’. The result of this — 


process is that those members of the 
academic community who avoided exe- 


= gution, torture or imprisonment, and 


who have not managed to join the 
thousands who fled the country, remain 
at ther universities sin. puppet roles organ- 





doing i demic sine in their own 
country look remote. Even the Chris- 
tian Democrats who balked at 
Allende’s politics are now coming 
under fire, and as if the initial physi- 
talities were not a sufficient 
toke of the junta’s intentions, Chile is 
being treated to a spectacle which 
makes clear its new rulers’ attitudes to 
intellectual life: the burning of books. 

Immediately after the coup the new 
regime closed most faculties and de- 













: partments in the social sciences, history 
~ and philosophy. In the University of 
ncepcion 6,000 of the 16,000 students 








and hundreds of academics were sus- 
pended; the eastern campus of the 


and” 











University of Chile in Santiago was 
closed and over 8,000 students had their 


studies cut short, while 4,500 students 
and 100 academics in the university’s 

| school of fine art, music and architec- 
ture were suspended. — 


The Technical University in Santiago, 






ae “th day. of the coup, has been changed 


into a “military polytechnic” and all of | 


the students and teachers (about 20,000 
students in all) have been ex- 


pelled. All adult education programmes 
have been stopped. This puts an end 
to the educational schemes for workers 
that were carried out under the Popu- 
lar yeep Government. It is estimated 





“representatives in place of the deposed € 


‘government (one of the first to recog- 


e there was a massacre of students - 


» Where 


; freedom i is an 
demic issue- 


slovakia in 1968 and Hungary a decade 





earlier, there was official reluctance to- 
. mount a welcoming party for exiles who 


were themselves communist, or at least 


capable of living and working without 


complaint under a communist system. 
removal of the Conservative 


nise the junta) in theory makes the way 


easier for Chilean academics looking 


for a base to re-establish their careers, 
but in fact only a handful have so far 
been accepted: 19 postgraduate stu- 
dents, two undergraduates and 14 visit- 
ing and research fellows. 

An educational charity, the World 
University Service has joined with a 
pressure group called Academics for 
Chile in raising funds for displaced 
academics, and together they have pro- 
duced more than £20,000 and pressed 
the British government for a contribu- 
tion. The official response is that already 
£100,000 is being paid out in training 
and technical assistance to more than 
70 Chileans, most of whom were in the 
country at the time of the coup, when 
aid was available on a government to 
government basis. The Department of 
Overseas Development is thought to be 
looking for new ways of continuing this 
aid now that a socialist government is 
in the driving seat. 

Meanwhile, accounts of the average 
non-political academic’s predicament at 
the time of the coup and since can be 
had at first hand in almost any univer- 
sity town in Europe. One such academic 
who left Chile after repeated harass- 
ment by the military and is now study- 
ing at a British university, recalled his 


‘experience in the following terms (his 


name is withheld because of his fears 
for relatives remaining in Chile): 
“When the military government took 
over one of their first targets was the 
universities. On the day of the coup, 
the military occupied all nine universi- 


ties in Chile and the Technical Univer- 


sity in Santiago was bombed. The junta 


considered the universities the main 


focus of the social change ghat had 
swept the country since President 
Allende’s government had come to 
power in 1970,eand they seized owe 


to put a stop to it.ẹ 
e 













































“Their attention was espec 


these hadt 
change, with in 
placed in the last f 
esearch and educa a 
shanty towns and ami 
and with increasing sün 
being. given grants to 
universities. 
“After the coup the ne 
imprisoned _ many ee 








in Santiago, and many: 2 
have been tortured or e 
rectors of all the unive 
placed by members of the i 
vices, and special ‘pro: 
assigned to each deparime 
information and charges pl: 
students and lecturers by in 
“Many thousands of 
lecturers suspected of A 
ist ideas who bad e 
ment were sacked, and - 
lecturers had to resi Wi 





little ie of 
other jobs in Chi ; 
workers, as employ tment ce 
strictly scrutinised by the : 
thorities and no-one who h 
job for political reasons ce 
employed, a 

“Whole university departmen 
been closed down, and I have 
one department of social 
where the whole department 
prisoned for publishing re: 
conditions in the shanty tow 
the country areas. 

“As for myself, I was tek 
my house by soldiers with nrc 
being made, and taken to 
barracks. There I was stood 
wall, guarded by four sokie 
several hours before being inter: 
Already I found, the army ha 
ted all my personal details an 
publications and aci 
thought from informers. 1 
of being a Marxist on th 
writings, but my interrog 
had no idea what K 
really consisted of. I for doi 
sible to put up a legal and rat 
fence as the whole legal: ar 
basis of actiðn had been 














Before the coup. 

is interrogated ten times in all, 
eventually I left the country 
r than risk the alternatives of im- 
nmment, suspension or of being 
wed. to continue teaching only 
yurses. approved by the government, 
“These restrictions in education have 
‘eached down as far as the primary 
schools, and in my opinion the military 
iment is trying to turn the clock 
in their educational policies by 
z grants for workers to study at 
versities and by strictly. control- 
matter and methods of teaching. 
estrictions now being placed on 
n of speech are becoming in- 
e to most intellectuals, even to 
hristian Democrats who opposed 

je and had welcomed the coup.” 
reference in this account to the 
ning of the legal and moral basis 
echoed ina further fener 









































lettin. ‘about the plight of 
academics published in Nature 
aa to the ee 


p s Dr Gers were ert the 
= of ee and if ee 








Ti were Polno. 
| ucati an ana kas tena 












SA eda of S Tech. 
| University of Santiago, im- 
don. Dawson Island. 

for . institutions which have 
“de under: the junta, Dr Gerschen- 
‘rites. as follows: 

estruction of the departments 
logy and sociology occurred in 
tially all of the universities in the 
country, Even internationally suppor- 
ted ‘schools such as the well known 
< Facultad Latino-americana de Ciencias 
Sociales (FLACSO) was closed. The 
-Institute of National Studies (CEREN) 
of the Universidad Catolica at Santiago 
as also dismantled. Seventy to 100% 
x the faculty members in the depart- 
nts of geography, literature, fine 
‘ts, history and geology were removed 
om their positions in Santiago. 












be “of. students on the s of 
x 'mmpathising with the government of 
Dr Allende. The data aré fragmentary, 


id students 4 in the last | year of th ; medical 
school, only 10 were readmitted after 


person having a 
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a selection on political grounds. 

“The number of scientists, teachers, 
and professional people who are leav- 
ing Chile is so great that the military 
junta has become alarmed. There have 
been rumours in the last month that 
the government will impose a tax of 
3,000 to 5,000 American dollars to each 
university degree who 
wants to leave the country, even if 
they have been expelled from their jobs 
at the university or elsewhere. We 
could not confirm this directly, but 
the appeals for help from our Chilean 
colleagues mention this menace and 
urge the European scientific community 
to do something for them.” 

An idea of the lengths to which the 
military government will go in order 
to interfere with the career of an aca- 


demic whom they consider hostile is 


illustrated by the experience of Juan 
Rada, who at the time of the coup was 
a third year student of the sociology 
of education at the Catholic University 
of Santiago. Rada had played an active 
part in the running of the university as 
a student representative on the higher 
council. He was a known supporter of 
Allende’s social change programme, and 
within days of the junta’s takeover he 
stood up and spoke against the military 
rulers during a meeting of the higher 
council. He received a phone call during 
the night (from one of the regime’s 
supporters as it happened) warning him 
that the junta had decided he was 
dangerous. 

Rada sought refuge in a foreign em- 
bassy, and since he was unable to ob- 
tain a safe conduct he left the country 
by a route which he prefers not to dis- 
close-—-although he is prepared to des- 
cribe a fast car ride to the airport with 
motor-cycle outriders. He arrived in 
Britain earlier this year, and since he 
had not actually sat his final exams at 
the time of the coup he asked per- 
mission to qualify at London Univer- 
sity. When the university wrote to Chile 
in order to learn about Rada’s academic 


record there they were told that no- 


body of that mame had ever been at 
the Catholic University of Santiago. As 
far as the university where Rada had 
served on the higher council was con- 
cerned, he had never existed. Rada was 
able to establish his bona fides, and 
to take his exam, and he is now a post- 
graduate member of London Univer- 
sity 'S Department of the Sociology of 
Educatiog. He is in touch, regularly, 
with former colleagues who remained 
in the country. Their reports, he says, 
add up to a single message: “Intel- 
le@tual life is dead.) 
@ 


“Getdon ‘and ‘Breach Sienet. Publishers x 
Ine. of New York, have filed a petition 
under Chapter XI of the United States 
Bankruptcy Act. The company’s 1973-74 
list contains 85. journal titles, most of 
them scientific; but, according to the 
management of the British subsidiary of 
the company, production has not been 
affected by the filing. 

The G & B petition itself follows a 
similar petition filed under Chapter XI 
of the Bankruptcy Act by a subsidiary, 
Media Directions Inc., on November 2, 
1973. According to a representative of 
the British company, the petition now 
filed by the American parent on March 
29, 1974, was necessary “to protect the 
parent from repercussions from that 
action” 

The Managing Director of o the 
British - based operation — a wholly 
owned subsidiary of the American 
parent says that “production, promo- 
tion, distribution and other publishing 
operations are not affected by the 
filing, and subsidiaries of the American 
company are not involved. I should 
stress that we intend to continue our 
normal publication of journals and 
new books.” 

The first meeting of the G & B 
creditors was held in New York on 
April 24, before Bankruptcy Judge 
Edward J. Ryan. The proceedings were 
adjourned until May 13. Under Ameri- 
can law it is possible for a company to 
bring the court and creditors into the 
running of that company without 
ceasing to trade. | 

According to figures circulated to 
major creditors by attorneys for the 
$4,161,297 and 21 cents, while assets 
total $2,302,940 and 84 cents including 
an item of $2 million for “stock in 
Higa a 
© “THE most significant new product 
range in the history of the company” 
was how Mr Ralph Price, chairman of 
Honeywell in the United Kingdom, 
described the new Series 60 computers 
when they were launched last week. 
Only time will tell whether Honeywell 
has the upper hand when companies 
like ICL and IBM unveil their models 
for the late 1970s and early 1980s in 
the next year or two. 

Honeywell’s total turnover in 1973 
was $1,170 million, and the profit before 
tax was $93 million. Although not 
actually disappointed with the growth 
of sales in the past year or two, senior 
management at Honeywell hope that 
sales will grow faster with the Series 60. 

The advent of Series 60 is a positive 
move on Honeywell’s part towards the 
marketing of fewer, but more flexible, 
pieces of hardware and software. The 
new range builds on the best, of 



































science agreement was. im 
d in Canberra, it has been 
Jed that the Russian delegation 
1 finalised these arrangements pro- 
d at the same time that ‘a a 
fic ae be established 





of ca previous pteposal, in 

the recent press stories. caused a 
rry o comment in the Parliament 
nd diplomatic circles. There was 





-| reportedly. a reaction from the United 


“States Ambassador who was said to be 
concerned that the proposed ‘facility’ 
could be a threat to the various Ameri- 

defence bases in Australia. 

these, two. are in the big league 

e naval communications base at 

th-West Cape (Western Australia) 

4 and the military satellite station at Pine 

| Gap in the centre of the continent. A 

security screen surrounds the operations 

of these ‘Stations and there was im- 

ion that the Russians 

g out’ Australia’s diplo- 

nent to the American 

7 eo by indirectly setting. up a 
` facility which could conceivably also 

| act as an electronic monitor of Ameri- 
can activities. 
















n ywell’s present lines and those of 
‘the erstwhile computer arm of General 
Electric (USA) which Honeywell took 
over three-and-a-half years ago. At that 
time Honeywell and General Electric 
actively marketed 10 computer series, 








20 processors and 12 software systems 


: =—tow there are just four, eight and six. 
The largest of the new series, Level 66 
based on the Honeywell Series 6000 
h has brought in about $1,000 
Ilion since it was launched in 1971. 
The development costs for the new 
series have hardly been trivial: most of 
the $50. million earmarked for develop- 
ment by Honeywell. in each of the past 
three years has gone on the Series 60, 
and much of the development work 
was done in Europe. (Level 66 com- 
puters are, indeed, to be manufactured 















s3 at the Honeywell factory in Newhouse, 


Scotland) 

Honeywell says that the Series 60 
will be suited to existing computer 
users and newcomers alike. Prices for 
Level 66 systems start at £450,000— 
of £10,000 a month on a rental basis— 
but Honeywell do have relatively small 
companies and organisations in mind 
for the less sophisticated Level 61 
which costs £22,000+ £400-+a month). 


Honeywell is using the phrase ‘attack 


machines’ to describe the Level 61, for 
it sees many potential customers buy- 
ing this as their first computer, possibly 
to do such mundane jobs as Stock 
~eontrol. 








jeint facility 7 












in Australia 


Peter Packley, Sydney 





Both the Prime Minister, Mr Gough 
Whitlam, and the Foreign Minister, 
Senator Don Willesee, were, however, 
at pains to emphasise that no decision 
had yet been made and that the pro- 
posed facility—to be managed jointly 
by both nations—would be ‘to photo- 
graph space objects and to contribute 
to atmospheric studies’. It is not, as 
reported by some news agencies, in- 
tended to be a tracking station The 
proposal is now being studied by var- 
ious departments before Mr Whitlam’s | 
planned visit to Moscow in the middle 
of the year. 

For readers in the Northern Hemi- 
sphere, who have become acctistomed 
over decades to continual contract 
with the Soviet Union of a military and 
diplomatic kind, the sharp Australian 
reaction to such an apparently mild 
proposal may seem excessive. But, rare 


Cash problems for 

* + 
public interest law 
Colin Norman, Washington 
SINCE they first rose to prominence 
in the late 1960s, public interest law 
firms have made an impressive contri- 
bution to the development of govern- 
ment policies in the United States, 
ranging from the regulation of food 
additives to the protection of the 
environment. Staffed by a handful of 
lawyers and supported chiefly by 
philanthropic organisations, they have 
provided the cutting edge of the environ- 
mentalist movement and in many cases 
have formed an effective counterforce 
to the big business lobby which tradi- 
tionally dominates the Washington 
political scene. 

But they are now facing the prospect 
that one of their largest single sources 
of funding, the Ford Foundation, may 
withdraw its support in the next couple 
of years and put its money elsewhere. 
Ford has been pumping millions of 
dollars into public interest law since 
the 1960s, and since it traditionally 
provides seed money for the establish- 
ment of projects, rather than financial 
support over long periods df time its 


yitadrawal from the field ehas long 


been anticipated. s 
Some idea of the influence of the 

foundation on*the field of public in- 

terest law can be sauged from the t 


though it is in the Sout 














sphere, even remote pos 
direct influence by the Soviet. 
events here have always been er 
by over-reaction. 
The most celebrated exampl 
recent times was the case of ¥ 
Petrov, a Russian diplomatica 
operating ; out of Canberra, 
defection in 1954 was t 
lasting political advan 
Labour opponents by A 
Minister, Mr Robert Me 
Russian stare occurred, 
ordinarily, in the Crimes 
the new settlers actually 
forts in a show of self-ré 
against the imaginary invade 
steppes. 7 
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Ag with- : ‘the penn S 
agreement itself, thi 
was treated by politic 
alike as primarily a dipi 
with science as the pags 
vehicle. 








that it provides betwe 
of the budget of the- 
and Social Policy, the $ 
was in the forefront of 
against the fransA 
which: have been : 
standards for treatment of | 
retarded. The foundation mo 
butes some 40°), of the operating 
of the Natural Res urces 
Council, which has won 
mark court victories age 
onmental Protection Agency ar 
argued the law suit which e 
forced the Atomic Energy Comm 
to publish an environrner kal 
statement on the Wauid-metal 
breeder reactor programme. 
Faced with such the prospect | 
their funds may dry up, many ¢ 
law firms are exploring possible. 
financial arrangements whi 
their: activities on a sounder fw 
and provide them with a more . 
manent source of funds. 
Two recent | events. asta brough: Ved 
































eee the Ford Foum Y 
thatit will provide 
firms with $2.3 million 
activities at least unti ti 
but it accompanied {i 


with the statement that 
after the granis expire 


that the Ford Foundation 


# 
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mid-April to 
arrangements for financing the firms. 
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Marconi at Signal Hill, Newfoundland, in 1901 with instruments used to receive the first trans-Atlantic wireless signal. 


THe Science Museum, London, is 
commemorating the centenary of Mar- 
coni’s birth with an exhibition which 
opened on April 25. This is more likely 
to appeal to someone with a keen in- 
terest in wireless or in the history of 
science than to the casual visitor; the 
most interesting exhibits are letters and 
other literary material which are 
clearly presented and easy to read, but 
require time to digest. 

Other exhibits emphasise the social 
rather than the scientific significance 
of wireless, with pieces of original 
equipment (including the kite used to 
fly the aerial from which the historic 
transatlantic broadcast of December 
12, 1901, was made) and personalia 
including Marconi’s swordstick. 

a 
possible 


discuss new 


Although the foundation has made it 
clear that the firms should be thinking 
seriously about how they should live 
without Ford money, it is equally clear 
that if it came to the crunch, Ford 
would be unlikely to pull the rug from 
underneath public interest law firms 
and allow them to expire or cut back 
their operations drastically. Thus the 
emphasis will be on finding new 
sources and methods of finance. 

Two possible arrangements were sug- 
gested in the San Diego meeting and, 
although no concrete decisions were 
taken, at least two possibilities were 
given careful consideratton ang hold 


One of the curiosities on show is a 
copper earthing tube dug up in the 
1960s from the garden of the bungalow 
where Marconi lodged in 1896-97; the 
tube was in the ground outside Mar- 
coni’s old room and was probably used 
by him in his earliest experiments in 
Britain. 

But the written and printed matter 
is by far the most interesting. A cutting 
from the New York Times of February 
13, 1927, reports Marconis views 
about the prospects for wireless trans- 
mission of power, “radio movies” and 
television. He was rather optimistic 
about the latter, and the reporter looks 
forward to the day when “Secretary 
Kellogg (sits) in his office in the State 
Department and converses face to face 


great promise. One idea is to set up 
a permanent fund, financed by private 
donations, philanthropic organisations 
and perhaps even by professional legal 
organisations. Such a fund would pro- 
bably operate much like a foundation, 
but the way in which the money would 
be distributed has not yet been worked 
out. 

Another possibility is that courts will 
award legal fees to public interest law 
groups which successfully sue the 
government and industry. But the prob- 
lem thege is that the acceptance of 
sugh fees could well endanger the firm 
legal status as tax-exempt organisations, 


and until the Internal Revenue 
Service issues some guidelines on the 
e 
v 


with Premier Baldwin in Downing 
Street”. In other ways, Marconi was 
equally visionary, foreseeing the re- 
placement of oil as a fuel source by 
solar energy, but dismissing the idea 
of tapping geothermal power because 
heat from the Sun is both a simpler 
and cheaper source. 

By 1932 (according to the Daily Mail 
of December 6) Marconi’s vision had 
expanded still further. Musing that 
messages could be sent on further than 
around the Earth, and prompted by 
the interviewer, he said: “Interplanet- 
ary communication—who can tell? 
There is a great deal more to be found 
out and made perfect.” 


John Gribbin 


matter the firms are precluded from 
taking such fees. Ironically, some 


major pieces of environmental legisla- 
tion, such as the Clean Air Act, and the 
Federal Water Pollution Control Act 
contain specific provisions which direct 
courts to award attorneys’ fees to 
organisations which successfully bring 
court cases against the government, but 
until the IRS gets round to issuing its 
guidelines, those fees cannot be 
awarded to public interest groups. 

Thus the next couple of years could 
be critical for the future of an ex- 
tremely important element in govern- 
mental decision making in areas which 
havé a profound effect on scientific 
matters. 
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f th darthquake had beca ee 
The annual American Geophysical 
Union meeting in April 1973 was a 
heady- experience. This year’s meeting 
-owas sober by comparison, and there was 

much concern about funding. 

The situation is a classical one of 
what ne could call th our black spots 








e Coven ent, industry and uni- 


versities working in the same field, 
@ The political need for a mission- 

oriented approach 

scientists” 


in conflict with 


desire for in-depth under- 










es for the university scientist. 
€ scientific side, it had been a 
i tively quiet year. ‘There had been 
3 two instances, one in New York State, 

the other in Riverside, California, 

Se oai where events had been foretold by 
BEL f variations in seismic wave 
imes before the earthquake. 
The same technique was also showing 
-some promise in other places, although 
seemed a growing feeling that 
ne Sila was. „often EA 















t On the. hee hand 
“both in gravimetric 


‘oy cand field experiments (in- 
g earthquake control by fluid 
on) have gone well. — 





- Responsibility for the : American 
‘earthquake hazard reduction pro- 


gramme’ is vested in the US Geological 
Survey (USGS). Much more than pre- 
diction is covered—risk analysis, map- 
ping and rock mechanics are other 
fields of activity. In the fiscal year July 
1971-June 1972 (FY 1972) the pro- 
gramme amounted to $1.6 million, but 
i the impact of the San Fernando earth- 
| quake put up the allocation to $4 mil- 
ae yy FY73. In moving into FY74, 
the first year in which prediction 
could be discussed seriously, the USGS 
found itself picking up responsibility for 
_ earthquake work previously done by the 
~ National a itapNi and Atmos- 
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0 pa eu lenis 


‘simple relationship between the 
i mic networks 


y many p people chasing too litte 


oblem that the contractural 


i David Davies 





fluid injection studies of the Advanced 


a. Research Projects Agency (ARPA). 
pa Thus although the budget for FY74 

= was $8.6 million, by no means all the 
-increase was in the form of new money 
ee for research. The figure shows the 
distribution. 





Apart from sole-source 
contracts—for instance to support seis- 
operating at present, 
universities, state governments and 
industry had $1.3 million to fight over. 
No increase is seen in this sum for 
FY75. “We need a big earthquake to 
shake more money out of the govern- 


ment” as one official put it. 


The figure of $1.3 million took many 
by surprise, as it was generally expected 
that in the mid-1970s the USGS would 
dispense the largesse that in the past 
had come from ONR, NASA, NSF and 


_ARPA and which had made for so 
many thriving geophysical laboratories, 


External funding applications for FY74 
amounted to $13 million from two 
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earthquake 
programme 
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Administration (NOAA) and 


scientists are also going 






cial’s reckoning it contd L 
gently used $8 million this { 
Expertise is going unused, hea 
it is, Some seismic stations ii 
have already closed for lack o 
Other agencies no longer has 
ter to do research in this fek 
with the USGS really does 
to fund. The prediction pre 
a very lean operation : in 
iate relevance is Necess 
project. “A H 
oriented approach” - 
officer deseribed it- 
modest fame as having af 
dered such an approach in 
government agencies, 
Ie ds inevitable t$ 
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side (university soler 
remark that the first gox 
subject came- “fror E 
Columbia and Calte 
government laborate 
have most of the av 
And, most immediate, į 
sities suddenly find the 
against government contr 
zealous to ensure scrupuk 
ing. It is this .m 
which seems $ 
men that they ‘are being g i 
The staff of the USGS a 
these undercurrents of bi 
are trying to establish 
quarters procedures. 
There are some very ob 
at the moment and action 
taken at governmental lew 


































learn to live with the gy 
more). T? 
ludicrous. The United Stat 
average $630 million annu 
earthquake damage-wa a 
will doubtless go up when 
next suffers a serious quake. 
talent out through lack of 
dredth of that sum is a false e 
Worse, it is worrying that - 
gramme is required to he so nat 
oriented (the USGS is. of 
part of the Department of the l 
Most countries look to their os 
tists to solve their own pr 
the Western world has 










branded imperialists. if ever f 
a problem knowing no fron 
it, and success would be. 
more likely if more Ar 
physicists could be financ 
aged to think and collect 
more global framework. 


+ 





-4 


ussians at 
onferences 


R Have the Russians arrived?” 
ternational conference-goers will 
_know how the question passes from one 
o another as they assemble at the start 
he meeting. The uncertainty of 
ther the Soviet delegation will 
or not (and if they appear, on 
; day?) has long provided a touch 
ama for the other participants and 
ache for the organisers. The first 
for the organisers is often a 
e from the travel agency acting 
ntourist that they are asked to book 
oe priate Oa for so many 
delegates. The names may not be 
n only the total number, and the 
ic contact with them will com- 
not be direct but through some 
“Soviet committee or authority. 
ve recently returned from an 
onal conference abroad where 
io was duly re-enacted, but 
I experienced it directly as I 
side over the meeting. Writing 
y -private capacity, not as 
< have to report sadly that 
p pas: changed; it is as bad as 


had asked a prominent Soviet 
st, let us call him Professor Y, to 
one of the specially invited review 
ind our invitation was accepted. 
the time drew near the secretary of 
meeting wrote to him several times 








y. Telegrams were tried, and then 
ny telephone calls to Moscow, Pro- 
or Y was unknown to them, they 
; or, Professor Y had gone away. 
d with this concerted silence, we 
an to fear for our colleague. Finally, 
r days before the opening of the 
sonference we received a telegram from 
‘ofessor Y that his paper wana be 


een raded. for distiibution.) Our 
hopes rose, but we remembered the old 

russian proverb “Do not sell the bear- 
until you have shot the bear.” The 
t delegation, expected to be twelve, 
rned out to number seventeen, includ- 
g the usual chaperone from Intourist, 
Professor Y was not among them. 
y bore with them copies of his paper 
r distribution and a verbal message 


he . believing that my colleague was in 
no way to blame for these bizarre events 


ask about his paper, but with no 


om him asking me to present it. I did. 


d wishing to help him*in his difficult- 


ties as much as I could (the rules of the 
conference just allowed it). It is worth 
adding that some or all of the five 
extras in the Soviet party did not have 
enough foreign currency to pay the fee 
and so were unable to be registered for 
the conference. 

The Soviet authorities who are 
responsible for these things should 
realise that this sort of behaviour on 
their part is harmful to Soviet science. 
Organisers of conferences already think 
twice before inviting papers from Soviet 
authors, knowing the uncertainties that 
will result. We should like to include 
them, on equal terms with the others, 
but how can we go on doing so in face 
of this continued official discourtesy to 
the scientific community? 

Yours faithfully, 
J. D. Nye 
H. H. Wills Physics Laboratory, 
University of Bristol, UK 


Great crested grebes 





‘The Zoological Saciety of London 


P ey TE IER pee 
Darwin’s omission 
Sir,—I wish to draw the attention of 
historians of science to the omission by 
Darwin (in his Origin of Species and 
even in his Selection in Relation to Sex) 


of any mention of cases where the two 
Sexual 


sexes are similar in plumage. 
selection for Darwin involved the choice 
by females of brighter, and often 
larger, males. Darwin presumably did 
not have the opportunity to study 
sexually similar species: once he 


returned to Down House he was not 


able to observe freshwater or marine 
birds. | 

The s&me omission occurs in the 
books ow evolution by Ernst Mayr, in 


-Barnard Rensch’s Evolution above ‘the 


Species Level and, strangely enough, in 

the early edition of mye own Evolution, 

Me Modern Synthesis. 1 say strangely, 
; e 


e 



































































for in the years 1914 to 1917, I myself 
had described the elaborate mutual 
display of grebes, herons and egrets; 
and later returned to the display of 
swans, albatrosses, and penguins, which 
had been studied in detail by others. 
The first account of mutual display was 
given by E. Selous in 1901-02, and by 
myself in 1914; in both cases, of great 
crested grebes (Podiceps cristatus, Proc. 
zool. Soc. Lond., 1914). My failure to 
mention mutual display in my book 
seems to have been due to my not 
realising its frequency or its biological 
value in strengthening the emotional 
bond between members of a pair. This 
point emerges clearly from the work of 
Lorenz and Tinbergen. 

I wish to stress the strikingly differ- 
ent results of unilateral and mutual 
display, in regard both to display 
characters and to behaviour. A regular 
feature of mutual display is that the 
returning bird presents the sitting mate 
with nest material (in grebes a similar 
presentation occurs on. open water). 
Another feature of mutual courtship is 
the extent of ritualisation; but this also 
applies to many male unilateral displays 
where the sexes have different plur 
as in bustards,. pheasants, some ) 
and so on. Today. the- importance ot 
ritualisation has. been ‘confirmed : see 








the Royal. Society’s symposium on. 
Animals and Man. (Phil Trans. R Soc., f 
1966). i 





The- fed breast in. oit sexes of the 
robin (Erithacus rubecula) is not con- 
nected with courtship: Lack has shown 
that the colour is.a mark of territorial 
ownership, for. both: sexes have winter 
territories. In dimorphic species - the 
songs of males, and of ‘duetting’ birds 
such as some African Shrike, are also 
proclamations of territory. 

Yours faithfully, 

JuLIAN HUXLEY 








31 Pond Street, 
London NW3, UK 


Rat race 
SiR, —a recent advertisement emphasises 
the present crisis in biology labora- 
tories, where research is severly ham- 
pered by the shortage of experimental 
animals. “A position of Wissenschaft- 
licher Rat is vacant” in Freiburg 
(Nature, March 1, xx; 1974); applicants 
should have experience of cell-mediated 
immune reactions. 
Yours faithfully, | 
? B. Jove 
Hove, UK 
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Tri is well ‘established that iS DNA can be taken up by 
bacteria and that the recipient cells are capable of incorpor- 
ating DNA into their chromosomes and expressing the 
genes thus acquired. Attempts to perform similar experi- 
: s with eukaryotes, however, are often viewed with 
scepticism although an increasing number of workers are 
2 investigating this problem. 
Jp their simplest form these experiments involve the use 
-of two closely related organisms which differ with respect 
to an easily identifiable phenotypic. characteristic. Attempts 
are then made to transfer this character to individuals that 
At. by platen Linge PNA from the appropriate 











and o individuals: are ieee iby pret ability to 
grow without. ‘the appropriate nutritional supplement. In 
: 3 i ene ea pondi PN is POENE from organ- 





phage. DN ‘a rison, , Proc. natn. "Acad. Sci. USA., 70, 
598-602; 1973). Foes 
es To “establish | that true ` transformation is possible in 
l <- eukaryotes; itis necessary to study the fate of applied DNA 
ri Dy biochemical techniques, to show that changes in the 
- fecipient organism are directed by the donor DNA and to 
7 demonstrate that these changes are inherited. Ledoux and 
<- his colleagues have been carrying out some of these experi- 
ments for more than a decade and have obtained some 
remarkable results (Ledoux and Huart, Eur. J. Biochem., 23, 
96-108: 1971). In this issue they present data which suggest 
that thiamine deficiency in Arabidopsis thaliana may be 
corrected by bacterial DNA and furthermore that this cor- 
rection can be. inherited. 
Arabidopsis is particularly suitable for such experiments. 
It is comparatively small and easy to manipulate and grow 
aseptically and it flowers within a few weeks of germination. 
Ledoux and his team used a number of lines with lesions in 
the branched pathway — for thiamine biosynthesis. These 
plants normally require either exogenous thiamine, pyrimid- 
ine or thiazole for continued growth and reproduction but 
they found that a small number of the plants grew and 
_. produced seed in the absence of supplements after they 
g had been treated with the appropriate bacterial DNA. 
Ledoux states that DNA with a molecular weight in excess 
O is necessary and the DNA solution should be applied 
e ungerminated seeds during imbibition. DNA-cor- 
lants grow more slowly than supplemented mutants 
ly about one third of those that grow actually pro- 
e seed. The observed frequency of correction can be as 
high as 10 compared with a spontaneous reversion rate of 
the Py locus of less than-5« 10-5, and 4x ~ for reversion 
induced by ethyl methane sulphofiate. DNA from phage 



















-© T7 and 2C is ineffective and DNA from Escherichia coli èe X chromosome™tisplay the mutant phenotype: £ 





unable to produce the thiazole moeity of thiamin 
correct the corresponding Arabidapsis | 
is effective with plants deficient in the f 

Seeds from corrected plants were- 
to produce F, to F; progeny. Alth ug 
some variegation in chlorophyll conte nt iod 
deficient segregants were observed. T 
parental lines are homozygous which js a. ra 
Pesuls gees it should ea noted thai I 























































are (oud over aniol pap Tn 
eae he cites the fading that if sae ig 


with thiamine then lethal mutanta a 
though this result would also be expe in 
applied DNA, in this case no corrected pla: 
anticipated. In crosses between progeny of D 
plants and either wild type or mutant indivu 
mutants and a variety of leaky mutants are © 
is no evidence for cytoplasmic inheritance of 
character. 

Obviously the mechanism invo olved in Che 
corrections is of major interest, but it w 
to attempt a deailed interpretation. | “Tern 
by Ledoux the frequency with wh 
obtained is too high to be exy 
reversion of the mutation. On the « 
for the synthesis of a bacterial enzyme nith 
available at present. Other experiment s ol n 
suggest that foreign DNA can become inte 
way into plant DNA although the sigriific: 
ings has been questioned (Hotta and Stern. ir 
Molecules in Biological Systems (edit. by Ledi 
North Holland; 1972). One thing is certain. 
this nature hold out intriguing possibilities 
continue to generate interest and occasionally. i 
discussion. | 





From our Plant Cell Physiology Correspor 


ALTHOUGH female mammals possess two x re 
any particular adult cell only one of these H 
active, providing a dosage compensation whict 
females and males both display the same number 
X-linked genes. The fertilised egg and very early 
eutherian mammals, including man and mouse, 
active X chromosomes; that one of these two c 
is randomly inactivated in each cell at an e 
genetic development was first suggested by Ly 
190, 372; 1961). 
The random nature of the process is suegested 
expression of sex linked genes in adult 
heterozygotes in which one X chromosome 
type and the ether carries a mutant allele, t 
which the wild type X chromosome is active m 
phenotype whereas cells instead posses sing the: 






















lour, Sas ae at t thet time ae denon] in Ale ety 
ryo, in each cell one X chromosome (chosen at random) 
ains active whereas any others are inactivated (in animals 
ssessing several X chromosomes only one stays active). In 
subsequent divisions of genetic development, the state of 
ach homologue is faithfully reproduced; the adult cells 
escended from any particular embryonic cell after the time 
of decision therefore constitute a clone characterised by the 
presence of the same active X chromosome (with the 
exception of the germ cells in which both X chromosomes 
remain active). 
Two critical questions to ask alt: genetic development 
‘eutherians are therefore: when does X activation take 
ce; and what is the basis for its random nature? The 
sest estimate of the time of decision derives from the work 
Gardner and Lyon (Nature, 231, 283, 1971) with chimaeric 
. Instead of the usual complete fusion between two 
bryos, they injected a cell taken from a ‘blastocyst “into 













rent gene markers for coat colour, any cells in the adult 


nguished. Since donor sex-linked markers showed 









































THE settle object BL Lacertae seems to lie at 
the. centre ‘of a normal giant elliptical galaxy. This 
f lentification provides an estimate of the distance 
BL Lac, and this in turn suggests that the central 
urce is similar in spectral index and luminosity to 
QSOs such as 3C48, 3C279 and 3C345, provided 
wose objects are at the distances indicated by a 
cosmological interpretation of their redshifts. - 
_ Those are the principal conclusions reached by 
-Oke and Gunn as a result of a four year study of 
BL Lac (Astrophys. J. Lett, 189, LS; 1974). The 
observations were made with the multichannel 
pectrometer attached to the 200-inch telescope; 
some of the observations were made using a disk 
with diameter 5” and a surrounding ring with inner 
diameter 10” to study the extended regions of the 
¿ource while obscuring light from the bright central 
feature, ande these showed Hf in absorption at a 
redshift of z = 0.07. 
>o Other data support this redshift estimate, and 
show that the galaxy is one of the most luminous 
be _ known, with a magnitude of about —23. Together 
with the growing evidence of similarities between 
~~ BL Lac and QSOs this identification is one of the 
| -key advances of recent years. Far from being a 
|. blueshifted QSO, as had seemed possible, BL Lac 
< can now be fitted into the cosmological picture of 
receding QSOs quite satisfactorily. The distance to 
he source is some 350 Mpc, and this raises the 
same questions about its energy generation 
mechanisms that apply for very remote QSOs. The 
energy requirements are extreme, but as Oke and 
< Gunn say “It is interesting, however, that the same 
_ phenomena at approximately the same level of out- 
` :rageousness exist for BL Lac as for higher-redshift 
QSOs if they are placed at the distances suggested 
by their redshifts”. J. G. 


her blastocyst. Because the donor and recipient carried 


` descended from the injected embryonic cell can be 








cell. waild ave. ‘Siffered- ‘previous oe ‘activation | “and its: 
descendents would all be of one phenotype in- the adult). 


By taking advantage of a mutant which influences the 
random nature of X activation, Ohno and his colleagues 
(Cell, 1, 175; 1974) have recently developed an ingenious 
approach to estimate the number of cells in the embryonic 
mouse at the time of decision. Their experiments rely on the 
concept that the clonal composition of embryos immediately 
after X activation can be expressed as the binomial (p+q)". 
where n is the number of cells and p and q are the 
probabilities of activation of each chromosome, both equal to 
0.5 in the wild type animal. In other words, given a popula- 
tion of animals it is possible to predict the frequencies with 
which any particular clonal composition will be generated. 
Unfortunately, this formula cannot be directly extrapolated 
to the adult animal, because distortions in the initial clonal 
composition must inevitably take place as the embryo grows, 
for only some, and not necessarily a random selection, of the 
embryonic cells will be utilised during formation of each 
adult clone. The formula which determines the clonal 
composition of an adult phenotype must therefore be 


written as (p +q", where n’ is the number of progenitor 


cells from which the adult clone is descended, and p’ and q’ 
have values corresponding to the relative frequencies of 
each active X chromosome in the set of progenitor cells— 
and this, of course, in turn depends upon the clonal 
composition of the embryo from which the progenitor cells 
are descended. 

Because these changes in cell composition make it 
impossible to determine n directly from the adult pheno- 
types, Ohno ef al. have useda special situation to allow this 


analysis. In. one particular condition only, changes in cell 


composition cannot occur during development; this is the 
case when all the copies of one X chromosome (either the 
maternal or paternal) were by chance activated. This 
generates a monoclonal embryo, which can in turn give rise 
only to monoclonal adult. But these two extreme cases each 


ccur with a very low frequency (0.5"); as Ohno et al. point 


out, this creates the paradox that, even given a value for n 
as low as 20, such fractions would occur with frequencies 
too low determine by experiment in any researcher’s lifetime 
(of the order of one in a million mice). To achieve a more 
manageable situation, they therefore utilised a mutation of 
the X chromosome (0), which they have previously 
characterised, and which causes preferential activation of 
the X chromosome carrying it in heterozygotes where the 
other chromosome is wild type (Nature new Biol., 245, 92; 
1973. Cell, 1, 3; 1974). The 0"* mutation seems to be an 
extreme version of alleles at the Cattanach’s “controlling 
element” locus which maps in the middle of the mouse 
X-linkage group; and earlier analyses of chromosomes carry- 
ing this allele have suggested that the mechanism of decision 
is for one X chromosome to be activated whereas any others 
in the cell are inactivated (reviewed by Brown and Chandra, 
Proc. natn. Acad. Sci. U.S.A., 70, 195; 1973). 

When the 0"* X chromosome carries the mutant gene Blo 
and the other X chromosome carries the corresponding wild 
type allele, regions of the coat of the mice are light coloured 
if derived from cells in which the 0’" Blo X chromosome was 
activated, and are dark if derived from cells in which the 
wild type X chromosome was activated. Because of the 
preferential activation of the Ọ X. chromosome, the 
frequency of occurrence of mice with coats largely of Blo 
phenotype is appreciable. To obtain values for the occurence 
of two, rather than just one, of the possible clonal com- 


positions, ine addition to assessing the proportion of mice - 
with coats derived entirely from Blo cells, Ohno ef al. also — 


determine the frequency with which mice displayed coats 


almost entirely of Blo phenotype, but with just one dark spot 
(corresponding to one coat progenitor cell in which the wild 
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frequency. This 
several possible situations, 
not only whenever the original embryo 
was monoclonal but also whenever the- 
progenitor cells of the coat by chance . 
were descended only from cells with an” 
active ae x chromosome; when the 
£ progenitor cells is 


















pe romosome was activated). ees 


These frequencies should have been 
amed by the clonal compositions 
of the cells which provide the immediate 
progenitors for the coat, that is they 
depend on the formula (p +q)”, and 


sọ provide experimental values for the 


frequencies of the fractions (p’)"” and 


{p >q. To relate these values to the 
initial clonal compositions at the time of — 
X activation (that is to p, q and n) 
requires knowledge of n’. Given a value 
<o for nv’. itis then possible to test various 
ni ‘combinations of p, q and n to see which 








values would generate cell populations 


from which animals monoclonal for the | 


coat would be produced at the observed 
involves — 
‘since, for 
mple, a monoclonal coat. may arise 














r of immediate | 





is which started their develop- 


ment with very one sided clonal conma 


positions. 


The Blo mutation is therefore: particu- 
a well suited to such analysis, for the- 
development of the cells in which it tee 
has previously been studied — 


3 detail. Blo acts in mesodermal 
lls of somite origin, thought to result 


from the reproduction of 35 pairs of- 
somite clones distributed along both y 
sides of the vertebral column (Lyon, AY 
1970}, 


by our Cosmology Correspondent 


Phil. Trans. Roy. Soc., B259, Al; 


_. suggesting a value for n’ of 70. Animals 
-With coats entirely of the Blo phenotype - 









re too rare to measure in appreciable 
equency, so Ohno et al. measured the 
icy of occurrence of animals with 
ne half of which (corresponding 





: to one side of the vertebral column) 
shows the Blo 
"ft equency, 41 in 2400 or 1.710", 
“provides an estimate of the frequency of 


phenotype. This 





the class ae ; the square of this 
frequency, 2.9 107', can thus be taken 


as an estimate for py”, 


? his total frequency might be pro- 
-by several combinations of p, q, 
‘ide upon the most likely, Ohno 


oe et al. utilised their estimate of the 
coo 3 frequency of occurrence of the class 
pd’, that is the proportion of animals 
with only one wild type clone apparent 

an the coat: 
-1.25xX10°* Although the accuracy of 


this was 3 in 2,400 or 


this estimate is not great, because of the 
small number of animals involved, this 
value can usefully be compared with 


the estimate for p™. Taking both values 


into account, Ohno ef al. were able to 
show that a close fit to the data would 


be produced by p==0.8, 2=60, In other 


words, the 0'* allele confers an 80% 


_ probability that its chromosome will be 


summing. 





jarge, the entirely mutant — 
shenotype — should occur only m 





the broad 





activated; and the number of cells in the f 


embryo at the time of decision may be 
close to 60. 

How accurate is this estimate and 
what further tests may be made of it? 
One assumption upon which these 
experiments rely is, of course, that all 
35 pairs of somite cells arise indepen- 
dently from some undifferentiated pool 
and not from a smaller pool of cells 
which then multiply upto 70. It would 
be useful if this point could be con- 


firmed in future, Given the compara- 
tively small numbers of animals which 


can be examined under the experi- 
nental conditions 
system, the measured frequencies must 


clearly be taken as approximations and. 
not precise values; but the value for n- 
of 60 cells is consistent with the 


previous suggestion that the time of 


decision is soon after the blastocyst 


stage. It is therefore likely that 0” 


“influences only the decision on activa- 
tion and does not change the time at- 
which it is made. Increased accuracy 
>for these estimates would obviously be 
“lent by determining clonal compositions 
< and thus values for p, g and n from 
-some other adult phenotype. But these 
- qualifications do not detract from the 
‘importance of this seminal study, whose 
“sophisticated manipulation of the mouse 


system has provided — a useful estimate 

for the cell number in a mammal when 

the decision is taken on X activation. 
B.L. 





More about Mercury 





MARINER 10 has done more than just 
send back some impressive pictures 


of Mercury, looking so very much 
like the Moon that one radio astro- 
nomer remarked recently that for all 
he knew they were in fact previously 
unreleased Lunar Orbiter photographs. 
The six non-imaging experiments on 
board the spacecraft have provided a 
new insight into the nature of the 
closest planet to the Sun, and this 
shows clearly how Mercury fits into 
the overall picture of the Solar System. 

The photographs have, of course, 
contributed to this. The front cover 
illustration this week shows a region 
very similar to the terrain of the 
Moon, with a large, flat bottomed 
crater about 100 km in diameter (about 
the same size as the lunar crater 
Copernicus), linear grooves probably 
produced by crater ejecta, and so on. 
Together with pictures of Mars ob- 
tained by the Mariner series of space- 


craft and by Soviet spacecfaft, the 


latey NASA achievement ernaphasises 
similarities between the 
inner planets of the Solar System. It 
now seems almest beyond doubt that 
Venus too will be found to be cr? 


i Ba ‘the evidence at 1 


imposed by this - _ versity of Liverpool) 
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| dorsed the š ion 
| informal littorinid group s 


| formed, with an y 
ES membership, as far as 


‘| the group should write 












































Littorinid grou 
LitTORINIDS are present 

rock shores of all contme 
present some intriguing ti 
problems. The first sy 
restricted to this family 

prosobranch Gastropoda W 
at the Royal Scottish 

Edinburgh on Ma ‘ 
aig rad of 


sade eae ined on ri 
taining at “feast - “four 2 


The e unanime 


: comprising all workers at 
` interested in these gastropod 
body wishing to learn mor 


appointed cpordinator £ 
Manchester Museum, E 
versity, Manchester ! 
kou | 


tered and anne vy Tape 
volcanic activity, although the 
there may have been ey 
away. 

If the overwhelming impre 
the visual evidence is that- 
Solar System forms a family 
planets, the non-visual data con 
and indicate the way in which 
tance of each planet from 
determines its individual chara: 
within the family. Mercury | 
to be rather more massive than 
expected, with a density of 5 g 
implying that as much as two- 
it is composed of iron or iron. 
elements. The presenee of a € 
gradient in the densities of the: 
in sequence outwards from the - 
obviously ties in neathy with the j 
that more volatile elements cond 
further out in the collapsing » 
Solar System. And a large amount” 
iron could also explain the 
expectedly large magnetic field of 
cury. At some 200 to 300 gamma 
the extrapolated strength of the: 
the planet’s surface, this is abe 
of the Earth's field, the favoure 
at present is that this is a per 
field, and is not induced by a 
effect. k 

Among the other surprises : 
arousing interest is the disco 
tenuous atmosphere around : 
This discovery will ; 


astronemers, since reports 
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~- Southwestern quadrant of Mercury, viewed from Mariner 10 4 h before 
approach. Distance of spacecraft from planet was 198,000 km; the largest craters 
visible are some 100 km across. (NASA photograph.) 
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atmosphere could be seen have been 
made by members of that fraternity 
from time to time, but met with a cool 
reception from the professionals. Wise 
after the event, those professionals now 
say that such a tenuous atmosphere can 
be maintained, in spite of the low 
escape velocity from the planet, be- 
cause of particles released through 
radioactive decay. Uranium releases 
helium (alpha particles), and potassium 
yields argon; another effect, capture 
from the solar wind, probably accounts 
for the presence of neon. 

Clearly it will take a while for the 
new information to be digested and in- 
corporated into theoretical models, and 
in September there is the prospect of 
more information as Mariner 10 passes 
by Mercury again. In the meantime, it 
is interesting to reflect on a comment 
attributed to Bsuce Murray, leader of 
the Mariner 10 TV experiment team 
(Aviat, Week Space Technol., 100 (14), 
16; 1974), which indicates the rapid de- 
velopment of spacecraft systems and 
also answers the ‘doubts’ of that radio 
astronomer. The Mariner 10 pictures 
cannot be directly compared with 
Lunar Orbiter pictures, it seems, “be- 
cause the Mariner 10 photos show 
more detail”. 


Models of growth 
and competition 


from our Animal Ecology Correspondent 
THE dynamics of competitive inter- 
action between two species have long 
been the target of approximations. The 


" e 


formula 
dNi 3 
(where N, is the density of species i; 


ri is the exponential growth rate of this 
species when its population density and 
that of its competitor j are low; K; is 
the carrying capacity of the environ- 
ment for species i when its competitor 
j is absent; «, is the linear reduction 
(of K,) of species i's growth rate caused 
by its competitor j) has stood for more 
than 50 years since being proposed by 
Lotka (Elements of Physical Biology, 
Williams and Wilkins, Baltimore, 1924) 
and Volterra (Lecons sur la Theorie 
Mathematique de la Lutte pour la Vie, 
Gauthier-Villars, Paris, 1931). The 
model was validated in 1934 by Gause 
(The Struegle for Existence, Williams 
and Wilkins, Baltimore) who studied 
the dynamics of yeast and protozoan 
competition. The linearity of the model 
suited this kind of interaction. For 
arthropod interactions the model is less 
perfect. Gilpin and Ayala (Proc. natn. 
Acad. Sci. U.S.A., 70, 3590; 1973) have 
recently put the model to the test using 
arthropod species and have come up 
with some important modifications. 
Their competing species were Droso- 
phila willistoni and D. pseudoobscura. 
Adult flies, in known densities, were 
put in culture vessels containing known 
amounts of food. After 1 week the sur- 
viving @dults were counted, aseweye 
their offspring which emerged from the 
culture medium during the following 4 
weeks. Zero isoclines,¢which depict the 
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negative population growth, were con- 
structed from cont*nuous populations, 
maintained by serial transfer. The 
Single species equilibrium, or environ- 
mental carrying capacity, is the maxi- 
mum population the culture medium 
can stand. As a competitor increases in 
abundance the zero isocline falls away 
from the maximum point. Where it 
intersects the zero isocline for the com- 
petitor species is the equilibrium point 
for the interaction of the two species. 

The data from the Drosophila cul- 
tures were fitted to a large number of 
competition models chosen according 
to the criteria of simplicity, reality, 
generality and accuracy. The model 
that stood up best was 

dN; 


—_—_—— 


ey =f} Ni (1—N;/K)”—a;ij Nj Ki) 


The interpretation of the parameters 
is straightforward. r; is the exponential 
rate of growth of species i when its 
density and that of species j is low; 
K, is the carrying capacity of the en- 
vironment for species j in the absence 
of its competitor j; z; is the reduction 
of growth rate of j as a result of the 
activities of j, and 4 į denotes the asym- 
metry of the single species growth rate 
of species j. In the absence of competi- 
tion, that is when «=0, the growth rate 
conforms to the logistic. In other words 
the relationship between growth rate 
and density is parabolic. The point of 
maximum growth rate is K /2. The ex- 
perimental data pointed out this restric- 
tion. The addition of # removes it and 
allows the point of maximum growth 
rate to be less than, or more than, K /2. 

This is an important modification to 
the Lotka-Volterra equation. Verte- 
brate populations in which growth 
rate tends to be controlled abruptly by 
the imposition of territoriality and 
other social factors cannot adequately 
conform to the continuously linear 
fashion demanded by the old model 
(when #=1). For them # will tend to 
be larger than |. Invertebrate popu- 
lations, in which eggs, larvae and 
pupae are ignored, will tend to have a 
# value less than 1. 

Gilpin and Ayala propose this new 
model to encompass intraspecific and 
interspecific competition. Population 
ecologists shall have to wait before 
assessing its general applicability. 


Biogenesis of 
chloroplasts and 
mitochondria 


from a Correspondent 


RECENT work on the biogenesis of 
chloroplasts and mitochondria was dis- 
cussed at a symposium of the British 
Sofiety for Cell Biology at the Univer- 
sity of Warwick on March 28-29. Both 
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a ig mitochond rial 

















ee ot | since > they each éottain DNA. 
DNA. polymerase, RNA polymerase, 
and a protein-synthesising system, but 
all the evidence suggests that most or- 
ganelle proteins are encoded in the 
- mucleus and are synthesised by cytoplas- 
mic ribosomes. The major problems 
discussed were the identification of the 


genes in the organelle DNA and of the 


proteins synthesised by organelle ribo- 
somes. 7 

The interactions between riticteat and 
organelle genomes in the synthesis of 
organelle proteins are complex, but are 
yielding to modern techniques. Two 
general principles are emerging: (1) one 
functions of the organelle DNA 
o encode some subunits of multi- 






. subunit organelle proteins, the remain- 
. ing subunits being encoded in nuclear 
— DNA; 
coded in organelle DNA are synthesised 


(2) those protein subunits en- 


by organelle ribosomes, whereas protein 
subunits encoded in nuclear DNA are 







sy: ed on cytoplasmic ribosomes. 
: aple, D. E. Griffiths (University 


ck) reviewed data on yeast 


mitochondrial ATP- synthetase, which is 


composed of ten subunits; six of these 


are nuclear coded and made on cyto 


plasmic ribosomes, whereas the other 


four are made by mitochondrial ribo- 
somes and are presumed to be encoded 
DNA. The major. 





-- Chloroplast protein (fraction I protein 
or ribulose diphosphate carboxylase) is 
composed of large and small subunits. 
R. J. Ellis (University of Warwick) des- 
cribed the synthesis of the large, but not 
the small subunit, by isolated intact 
chloroplasts and by free chloroplast 
_ tibosomes. Tryptic peptide analysis of 
mutant tobacco plants has shown that 
the large subunit is encoded in chloro- 
plast DNA whereas the small subunit 
is encoded in nuclear DNA. The em- 
phasis of work in this area is now 
shifting away from the identification of 
products of the different genomes to- 
wards. a study of the regulatory 
mechanisms. existing between them. 
Elegant studies of mitochondrial 
DNA. isolated from cytoplasmic petite 
nf yeast were reported by P. 
Ç if-sur-Y vette); this 










by large deletions: which are replaced 
by reiterations of | the non-deleted seg- 
ments. The resulting gene redundancy 
can be detected by electron microscopic 





is _ studies of half-denatured molecules. 
-Stable petite mutants in which different 


parts of the mitochondrial DNA are 
repeated and amplified up to 100 times 


can be isolated, thus opening the way | 
for the selective purification of different 


mitochondrial genes. Such studies on 
chloroplast DNA are much less ad- 
vanced because of the difficulty, of 
-inducing mutations in the DNA of “this 
type of organelle; R. Hagemann 





derived’ from wild type DNA ©: 





to- (Martin Luther University, Halle) re- 
ported that some naturally-occurring 


chloroplast mutations in higher plants 
are correlated with the absence of spe- 
cific thylakoid proteins associated with 
photosystems I and H, and other muta- 
trons result in a loss of chloroplast 
ribosomes. 

All of the products of protein synthe- 


sis by mitochondrial ribosomes, and 


most of those by chloroplast ribosomes, 
are membrane-bound. This raises severe 


problems of purification and isolation, 


but these problems are being steadily 
overcome. In a tour de force, R. O. 
Poyton (University of Connecticut) re- 
ported the isolation in milligram quan- 


tities of each of the seven subunits of 


yeast cytochrome oxidase. Four of 
these are made by cytoplasmic ribo- 
somes and are water soluble when iso- 


lated, but the other three are made by 


mitochondrial ribosomes and remain 


i insoluble. The three insoluble subunits 
are synthesised by isolated - mitochon a 
dria, provided that oxygen is present; . 

in anaerobic conditions, only one sub- 





unit is made. The mechanism of this 
interesting effect is unknown, but could 
reflect a specific effect of oxygen on mit- 
ochondrial transcription or translation. 

On the second day, further work in 
the area of organelle biogenesis was 
discussed. G. S. P, Groot (University of 


Neural attenuation in echolocating | 


from our Animal Behaviour Correspondent 


THE sonar system possessed by 
many bats enables them to perform 
such feats as flying unhindered 
through an array of fine wires and 
selecting one insect from a swarm 
of many. The echoes from sur- 
rounding objects must be perceived 
a few milliseconds after the bats 
have emitted an extremely intense 
outgoing sound pulse (often several 
thousand dynes per cm’). Somehow 
the bats’ ears must be protected 
from their own cries and yet still be 
sensitive enough to pick up the 
much fainter returning echoes. 
There are at least two mechanisms 
for accomplishing this. The muscles 
of the middle ear contract synchron- 
ously with vocalisation (they can 
contract and relax again up to 60 
times s~' on some species) and this 
has the effect of attenuating self- 
stimulation. 

In addition to this peripheral 
mechanism, there are neural mech- 
anisms of attenuation within the 
auditory pathways. Suga and 
Schlegel (Science, 177, 82: 1972) 


te made tape recordings of the calls 


of vespertilionid bats and recordéd 

the response of a bat’s auditory 

nerve both Yo this tape recording 
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l Amsterdam) sugg 


complete lack of ribose met 


compared wi ith other f 


tein synthesising Sy. 


|plant molecular] research. 


















of base sequence hor logs yo 
and mitochondrial ‘DNAs o 
yeasts that mitochondrial DS 
faster than nuclear DNA, a 
Grivell (University of Amet 
ported that yeast mitoc hond 

somal RNA is extraordi 















and a very low level of hase. 
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wick) was notable, Hr 
for the first time, the 
specific messenger R A 
source (other than a viral : 
This messenger is for the larg 
of fraction L protein wi 
correctly translated by ace 
chia coli. Stadies of 
behind those from anime 
advance should open up a a 


Outstanding problems that wer 
but not resolved, were the fun 
the genes in chloroplast Ne. 
which are still unidentified, ar 
mechanism of the uptake of 

proteins into and across the 
branes of mitochondria and 
plasts. | 





and to the same call when ma 
the bat itself. Although the re 
of the primary auditory nerves: 
virtually the same to both sort 
sound, the inferior colliculus { 
of the mid-brain concerned . 
hearing) showed much less y 
to the live than to the tape-rec 
sound. Attenuation, by some | 
to the bat’s own voice © 
occurring somewhere between d 
auditory nerve and this part of the 
brain. 

Now Suga and Shimoge 
(Science, 183, 1211, 1974) have 
pointed the exact site of this: 
attenuation. By recording f 
various nuclei along the auditor 
pathway when bats of the genus 
Myotis were either vocalising them: — 
selves or listening to tape recor ae 
ings, they found that neurak 
attenuation occurs in the nucie 
the lateral lemmiscus. They p 
out that although such mechan 
are of obvious importance for p 
with their special problems 
echolocation, similar muscular. 
neural attenuation mechanism 
also operate in human speech, since 
our vocalisations rarely appear 
disturbingly lpud. 
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Nuclear physics at 


Glasgow meeting 


from a Correspondent 

Ar the combined Institute of Physics 
conferences on nuclear structure and 
high energy physics, which took place 
at the University of Glasgow on March 
27-29, the nuclear structure talks 
reflected in the main the specific 
interests of Glasgow workers. Experi- 
mental work in Glasgow concentrates 
on electron scattering, photoreactions 
and the use of photoreaction neutrons. 
The principal local activity in nuclear 
theory is the application of the shell 
model to fairly light nuclei. 

E. Spamer (Technische Hochschule, 
Darmstadt) discussed the techniques by 
which the momentum resolution of the 
Darmstadt linear accelerator is being 
improved by a factor of five. He 
emphasised that this makes electron 
inelastic scattering applicable to the 
study of a great many more states 
than hitherto, at higher energies and in 
heavier nuclei. One would, for example, 
Kope to learn more about the newly 
detected quadrupole resonance found 
above the familiar giant dipole reson- 
ance in medium nuclei. 

R. Owens (University of Glasgow) 
dealt with photonuclear reactions in the 
higher energy region in which one hopes 
to obtain information about high 
momentum components in nuclear wave 
functions. This hope has been much 
deferred, and calculations with short 
range correlations seem at present to 
call for a further extension of the energy 
range in these experiments. 

Short range correlations were also a 
feature of the contribution by J. M. 
Irvine (University of Manchester) who 
dealt with low lying levels of the p-shell 
nuclei. He has used a two-body inter- 
action fitted to scattering deuteron data 
and a variational method applied to 
wave functions with both central and 
tensor correlation corrections, to obtain 
an effective int®raction for use in a 
large basis shell model calculation with 
the Glasgow code. With reasonable 
restrictions on the short range central 
correlation, and by adjusting the 
strength of the tensor correlation to fit 
the absolute binding energy of each 
nucleus in turn, many other levels can 
be fitted with no further adjustment of 
parameters, 

The talk by R. Arvieu (University of 
Paris, Orsay) also touched on the subject 
of large scale shell model calculations. 
He discussed the statistical approach to 
the shell model, in which one calculates 
the mean energy and moments of the 
level density distribution for various 
configurations. This can be used, for 
example to learn, in advance of invest- 
ing in a large shell model calculation, 
which configurations are most essential 


and must be retained. H. A. Weiden- 
muller (University of Heidelberg) also 
discussed statistical aspects of nuclear 
physics, but in the more familiar context 
of the statistical model of neutron 
resonances. He emphasised that 
although statistical shell model calcula- 
tions give the density of levels in a 
configuration in Gaussian form, as 
opposed to the semi-circle law of 
Wigner’s random matrix model, the 
two models agree on the fine structure 
of the statistics of level spacings. The 
predictions of these models are well 


confirmed by data with up to 180 
neutron resonances in a_ particular 
nucleus. Weidenmuller also discussed 


recent work at Heidelberg which 
extends the range of validity of the 
Hauser Feshbach prescription for 
average cross sections, and which allows 
effects of direct reactions to be allowed 
for in this method. 

On the high energy side there was 
considerable emphasise on photon and 
lepton interactions although strong 
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interaction physics, particularly at very 
high energies, alsoe figured strongly. 
D. H. Perkins (University of Oxford) 
reviewed the experimental evidence for 
neutral currents in weak interactions 
and indicated that the experimental 
evidence is becoming steadily more 
convincing and is in good agreement 
with the Weinberg—Salam—Ward theory 
as opposed to the long standing Fermi 
theory which, as for example in beta 
decay, requires only charged currents. 

.ye r 
Two examples of scattering have 
been recorded in the Gargamelle 
bubble chamber at CERN and many 
more events of the type v+hadron > 
y+hadron at both CERN and the 
National Accelerator Laboratory, 
Batavia (NAL). 

Storage rings—both electron and 
proton—are producing results of funda- 
mental interest and several speakers 
concentrated on data recently produced 
by these devices which allow observa- 





Smittinid ectoprocts from Hawaii 





Tue shallow waters round the Hawaiian Islands seem to be havens for the smittinid 
family of ectoproct bryzoans—the minute sedimentary aquatic animals which usually live 
in colonigs. D. F. and J. D. Soule have found that the Hawaiian species of Smittinidae 
seem to be isolated specifically from the Indo-Pacific forms and that there are also 
species @ifferences between the fiveemajor Hawaiian Islands, In a comparative study 
(Bull. Am. Mus. nat. Hist., 152, 365; 1973), the Soules recognise twenty-eight taxa of 
which two are new genera and twenty are new species. This figure shows (a) colony with 
tubular peristomes, (b) immersed ovicell and par of developing ovicell and (c) aperture 


sith spines of Parasmittina alanbanneri n.Sp.; 
ka 


(d) colony with spines on zooecia of 


P. serrula n.Sp. 




























“ventional accelerator: 
: J. Haissinski (University of Paris, 
Orsay) spoke about electron—positron 


storage rings where e'e- collisions at. 
` centre of mass energies of several GeV 
are studied. From the study of such 


collisions two main conclusions may be 


drawn: the first concerns quantum elec- | 


trodynamics: e the fundamental theory 
which describes the interaction between 
electrons, muons and photons-——-which 


is. found to be still valid at distances as 


‘short as a few hundredths of the proton 
radius, Second, electron—positron annihi- 
tanan processes can lead to the pro- 

>tion of hadrons (strongly interacting 
such as pions, protons, neu- 









persists at higher energies it would have 
important consequences as far as 


‘elementary’ constituents of the hadrons 


concerned. These hypothetical 





are 





object of an 





icate that either these quarks 
form a rather large family, or that they 


have a structure of their own. In the 


latter case, the situation would be quite 
similar to the one which resulted from 
the discovery of the internal structure 






of the nucleons in the ‘elementary’ 
£ stituents of the nuclei. 
> The experiments currently taking 


place. at the intersections of the Inter- 
secting Storage Rings at CERN were 


reviewed by M. G. Albrow (CERN): 


Searches are being made for new exotic 


_ particles which may be produced at the” 
very high centre of mass energies avail- 
able at the ISR (up to ~ 56 GeV), 


ee -Searches for quarks, magnetic mono- 





and production rates have proved - 
be unexpectedly high. If this trend 


ntal constituents (quarks) are 
intense pro- 
rage ring experiments 


acting biopolymers, 
` testing of these interpretations by com- 
putor modelling of the experimental 


d nd intermediate vector bosons 


_anttideierons have been bad “The 
| haga discoveries at the ISR of. a 







the ball park 


from a Correspondent 

At the Spring meeting of the British 
Biophysics Society, devoted to nucle- 
ation, folding and interaction of bio- 
polymers, held at the University of 
Newcastle upon Tyne on March 26-28, 
and organised by Dr R. H. Pain of the 
Biochemistry Department, the policy 
was continued of devoting the major 
part of the programme to long (50 min) 
papers. In discussion the extent to 
which the various specialist techniques 
used to study biopolymers should be 
regarded as mutually complementary 
rather than competitive became very 
clear. A further impression was the way 
in which improvements in instrumenta- 
tion and access to computers have 
facilitated more sophisticated interpreta- 
tions of data from techniques such as 
ultracentrifugation and gel chroma- 
tography on complex systems of inter- 
and the rigorous 


data. 

R. L. Biltonen (University of 
Virginia) examined the thermodynamics 
of folding of biopolymers, with particu- 
lar reference to the thermal cooperative 
transition to a partially unfolded state 
on an effective 2-state basis, and to the 
associated large change in heat capacity 
(AC,). Large differences in heat capacity 
between conformational states of bio- 


polymers is now well established, and 


can be attributed in part to large 
changes in hydrophobic bonding, and 
in part to changes in solvent (water) 
structure due to the rupture of internal 
hydrogen bonds by partial unfolding, 
and the formation of new hydrogen 
bonds between exposed side chains and 
solvent molecules. 


S$. Lifson (Weizmann Institute, 


- Rehovot) appealed, with both eloquence 
-and wit, for an increase in the precision 


: of calculation of molecular properties 










constituents within = the 
nucleon. 
. ‘The current interest in nucleon sub- 
struct ure was also reflected in talks by 
R. G. Moorhouse (University of Glas 
gow) who dealt with photo-and lepto- 
production processes in the context of 
_ quark model and by F., Close 
N) who described how the number 
arks in a particle can be deter- 
‘means of the energy depend- 
the elastic scattering cross 


“sec ion at large angles. 


(partons). 











i from crystal structure data, arguing that 
results. “in the ball park” were no longer 


f interest. Conversely, the more pre- 
cisely that calculations agree with 


he _ experiment the more interesting the 
: ; ate of: “would remaining discrepancies 
indicat. “the existence: vot ‘pont: ‘Tike 


become in 
pointing the way to modification of 
theoretical parameters. After demon- 
strating the success of the consistent 
force field (CFF) method for calculating 
the properties of the alkanes, Lifson 
reported a study of the hydrogen bond, 
starting from crystallographic data on 
several amides to find the best force 
field. In the final result charge transfer 
seems to be unimportant and a 12-6-1 

peterftial, which combines the Panid 

Jones 6-12 potential with partial chargés 
attributed to the participating atoms 
while keeping the bond electroneutral 


E y rep 
i “There ` is a a redi ior | 


cheerfully conceded t 












der Waals radius of che 4 a 
gen, due to shifting of the ¢ 
cloud and formation of a large. 
positive charge. This allows 
approach of the >NH and O 
groups to form a hydregen b 
characteristic length, and the on 
associated electrostatic attrac 
main source of the bond ene: 




































picture might have t : 
modified to explain those 
hydrogen bonds revealed 
spectroscopy. 

The extent to which the » 
of hydrophobic bonding is- 
on a theory of water struct 
subject of much argument) 
sised by G. Némethy (Uni 
Paris, Orsay) who pointed 
different agencies for chang 
phobic bonding may alter the 
of proteins in aqueous solu 
different ways. | 

B. Robson (University of 
upon Tyne) discussed the a 
information theory to est 
extent to which sequen 
secondary structure in the 
polypeptide chain. It seers t 
single residues can act as. 
centres for secondary a 
that the conformation of- 
the eoe sree Are 


















stable interm dates forme 
refolding and | surviving in 

















son noted that Ramach 
formational energy maps — 
Lifson CFF functions were & 
most, and also drew attention 
regions for the 4-residue rs 
which is now being recognised 
important element of secondary < 
ture. 

G.C. K. Roberts (National 1 Tn 
for Medical Research, A 
described how NMR Spect Os 
be used to study protein unfc 
referred to work on panc? 
nuclease ( RNase). Sebjcct to. ihe 



















currently posible only fot 4 
number of particular residues in 


of individual residues in unifi 
cesses in reversible condi 
RNase, the NMR studies im 
the thermal transition at p 
ceeds cooperatively to a 3 
ordered state, and that two 6 
histidine C: proton reson 
affected. With denaturants s$ 
guanidine hydrochloride, the 
spectra at low denaturant concer 
La 





x esidlues participate i in ie un- 
Iding process is 12, 119, 48, 105. This 
der can be rationalised in terms of 

known tertiary structure of RNase, 
d is therefore also relevant to the 
iding process. 
The possible methods for revealing 
thë existence of intermediate partially 
unfolded states were noted by R. H. 
-Pain who pointed out that although 
some earlier equilibrium and kinetic 
fudies on, for example, lysozyme un- 
olding in guanidine hydrochloride, 
dicate a 2-state process with first-order 
tics up to about 90% reaction, this 
ation is not general. The analysis of 
odal kinetics can reveal the presence 
ntermediate states, or of alternative 
es off the main folding-unfolding 
. Pain reported his investigation 
ye pencillinase of $. aureus, a pro- 
with no sulphydryl or disulphide 
which was specifically selected 
nfolding studies, and summarised 
evidence for the existence of a 
- expanded: state, with the same 
lix content as the native protein, 
ned by a cooperative transition at 
denaturant concentrations. 
oW. Nichol (Australian National 
liversity, Canberra) discussed ligand 
iding in associating protein systems, 
d showed how the form of the bind- 
curve could be discussed in terms 
egions of sigmoidality defined by 
interaction parameters. He described 
> ultracentrifugal sedimentation 
librium measurements can be used 
evaluate these parameters. G. A. 
bert (University of Birmingham) 
iphasised the central role of protein- 
otein interactions in the conform- 
nal control of protein function 
iated by allostery, and pointed out 
in the so-called non-equilibrium 
hods (for example, chromatography, 
trophoresis, velocity centrifugation) 
progress of the moving boundary 
ets the equilibrium situation in the 
wing plateau region, as well as the 
equilibrium situation within it. 
‘he topical subject. of membrane- 
“bound proteins and protein-lipid inter- 
actions was discussed by C. Tanford 
(Duke University). Experimental data 
“on protein—-detergent associations (much 
sed- as a contemporary model) were 
described. The behaviour of cytochrome 
and a phage protein in detergent 
ems as consistent with the idea that 
mbrane proteins possess distinct 
jons around which true 
uctures can organise. The discussion 
luded a brisk exchange on the 
oblems of measuring protein 











lecular weights by ultracentrifugation | 


the presence of detergents. 
Proton NMR studies oe histones were 


by Bray (Can. J. Bot., 38, 313; 


micellar | 





~ through ititerchain interactions between 


regions of apolar residues, and the basic 
segments interact with DNA, leading to 
the formation of chromosome super- 
structure. The lysine-rich F1 histone, 
however, seems to be involved specific- 
ally in Salt-induced contraction of 
chromatin gel, and in chromosome con- 
densation through a phosphorylation 
process. 

The programme included two parallel 
sessions of shorter papers on various 
aspects of protein unfolding and folding 
processes, ribosome reconstitution, 
RNA-protein complexes, and muco- 
protein. Noteworthy was the study by 
Creighton, Dyckes and Sheppard (MRC 
Laboratory of Molecular Biology, Cam- 
bridge) on the refolding of reduced 
pancreatic trypsin inhibitor, in which 
the different species existing at the 
l-disulphide bond stage were detected 
and characterised. The refolding of 
this protein proceeds with eventual 
complete recovery of native structure, 
and the pathway for refolding indicated 
by this work is consistent with the view 
that folding is directed by segments 
which have acquired the correct second- 
ary structure. 


Chlorophyll and 
primary productivity 


from our Plant Ecology Correspondent 


Since chlorophyll is essential for photo- 
synthetic energy conversion, it is not 
unreasonable to suppose that it might 
provide a rough estimate of the poten- 
tial gross primary productivity of an 


ecosystem. Early in this century the. 


work of German plant physiologists 
suggested a close relationship between 
chlorophyll and photosynthetic rate. 
Later it became apparent 
chlorophyll density of vegetation ex- 
pressed as g m 
remarkably similar in a variety of eco- 
systems and this led Odum (Funda- 
mentals of Ecology, Saunders, 1959) to 
propose that there | 
homeostasis in which chlorophyll levels 
are maximised within the limiting 
physical constraints of the environment, 


leading to similar chlorophyll densities 
-in most ecosystems. 


Such a tenuous hope was shattered 


who concluded that chlorophyll densi- 
ties in a wide variety. of vegetation 
types might vary by as much as twenty 
times in natural ecosystems. He found 
that chl8rophyll densities — were hfgher 


if climax ecosystems than in seral ones 


and were greatest in bigbly stratified 
Systems such as forests. These conclu- 
® 


that the 


~ of ground area was 


is a community. 


these species are. 


1960) 





four contrasting ‘ecosysiemé-~a: ‘prairie. 
grassland, a savanna, an oakwood and : 
a maize field. | 

Although Odum’s simple komeo 
proposal was no longer tenable, there 
remained the possibility that chlorophyll 
might provide an index of gross primary 
productivity. Ovington and Lawrence’s 
data in no way contradicted such a pro- 
posal. The underlying presupposition, 
however, is that all of the chlorophyll 
present must be active in photosynthesis 
whenever light levels permit: physio- 
logists have always regarded this as 
extremely unlikely. 

One rather startling observation 
which Ovington and Lawrence made 
was that a large proportion of the total 
chlorophyll content of their oak wood- 
land was contained in the branches of 
the trees. In the month of August. the 
trees themselves contained 29x 10° g 
ha- chlorophyll, of which 12x10 g 
ha~! (41%) was contained in the older 
branches. The bulk of this branch 
chlorophyll remained after leaf fall in 
September /October. Immediately the 
question must be raised as to whether 
this large reserve of chlorophyll is 
active and, perhaps even more import- 
ant, whether it could result in winter 
photosynthesis in these deciduous trees. 

Although only relatively simple 
experiments were required to settle this 
question, they have been conducted only 
very recently. Much is known about 
the winter photosynthesis of evergreens . 
(see, for example, Kozlowski and 
Keller, Bot. Rev., 32, 293: 1966) but 
very little work has been done on 
deciduous trees, Keller (Photosynthetica, 
7, 320; 1973) has now examined rates 
of photosynthesis and respiration in 
the bark of ash (Fraxinus americana), 
aspen (Populus tremula) and larch 
(Larix decidua) during the winter. In 
his experiments plants were taken from 
their growing sites where they had been 
exposed to normal winter temperatures, 
they were kept at 16°C for 16-20 h 
and their carbon dioxide exchange rates 
were then measured by infrared gas 


analysis. at 40, 10 and 0 kix respectively. 
In all species at all light intensities the 
carbon 


-exceeded 
respiration i 


dioxide emission. 
absorption; in other words, 
exceeded photosynthesis 
the. presence. of abun 












ing a negative carbon b: 
the winter months. | 
These a should s 






gross primary produ 


cei Z egos, 
systems. d 
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"Possib le mechanisms for this are 








” H berw panels s since the pent 
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oe UE recently, a call manipulation’ with higher orga- 
imë seemed almost impossible, presumably because of the 
inadequate means available for critical studies, The necessary 
biochemical background had to be obtained: good methods 
to prepare, nucleic ai and to recognise them In a popula: 






with defined bodkami s precluded (and 
ill limits) genetic experimentation?.*. 
~ Nevertheless, DNA-mediated corrections in higher orga- 
nisms were reported: with mammalian cells in tissue cul- 
turet12, with Ephestia and with Drosephila+™, with 
Petuniat-19 and with Arabidopsis thaliana?-2°. Finally, 
hage-mediated corrections were reported with animal cells", 
haploid tomato and Arabidopsis ealluses®®-28 and with 
ore cells*9, 
nsive use of the Cs q: gradient technique has led to 
expected results that foreign DNA can be translocated 
rge distances across cell memb 0,31 and seems to 
. Survive several mitotic eyeles in di i animal or ss 
systems? 20.32. In A. thaliana, it seems to 
one round of meiotic division?®:25.*, More sprna 
seemed: that the fers DNA became ee ae w 




















Described’ a are rare in A. hiis with the ex- 

ception of those requiring thiamine*+. They can be obtained 

b by X rays or chemical mutagens. They are also conditional 
coe. obligat -auxotrophs with a striet phenotype, whilst other 
_. auxotrophs exhibit bradytrophy. — 

i tants-at one locus (py) control the synthesis of the 

» molety of thiamine**. 3, locus *tz controls the 
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used for redy jy studies å such : 
tion or recombination or Teverse mut x 






























T he E of B pa rev ee has been. 
to be lower than 5 x 10°. 


gated z i f A a a 
yielded heterozygotes and lethal n 
equal frequencies?s, No homozygous 
obtained by back mutation. 
The monogenic conditional leth: al mutint 
normally propagated in the presence oft 
sown on mineral medium, the seeds germinat 
develop their cotyledons which appear nori 
first leaves progressively bleach out eompletely ane 
soon dies, Thiamine (10 M-10* a promotes a. He 
growth of all these mutants. 
Mutants used in this study were the following: 
from Rédei, thiV447 and pyV131 from Feenstra 
and tz432 from Jacobs. They bear the side markers 
in Table 1; the only wild-type Arabidopsis used i 
laboratory was the Wilna g1. 





Treatment of seeds 


Seeds were disinfected with a 959% ethanol and | 
mixture (1:1) or with a 5% ealcium hypochlorite 
The seeds were treated for 5-8 min and rinsed s 

changes of sterile distilled water. About 50 seeds y 
immediately placed in a well of a spot plate and 

in 25 wl of a DNA. solution (see below) or of QOI 
Spot plates were placed in Petri dishes over wet s 
paper to limit evaporation of the solvent. Duri 
following days, 25 wl of the DNA solution w 
the seeds to keep them moistened. Petri dis 

24° C upder continuous illumination for 4d. 
NaCl treated seeds germinated during the: ) 
After intubation seedlings were laid out {a) in t 
dishes containing perlite moistened with the mineral 
solution of Jacobs*? or (b) in numbered test tubes ș i 
5 ml 0.78% agag dissolved in the gnineral nutrient: 

© 

















Integration 
Excision 











































‘Fic. 1 Comparison of addition and insertion models (one 
f two homologous chromosomes is shown), In Drosophila 
ransformed. by homologous DNA Fox’s exosome model 
mplies a close association of the foreign gene with its 
omologous chromosome locus. This. exosome is not inte- 
rated but replicates in step with the chromosome and can 
Jost or transmitted with it at the time of cell division. 
fither the exosomal gene or the chromosomal one is tran- 
ibed, leading to phenotypic mosaicism. When hetero- 
ogous DNA is used for correction, as in our case, the 
ssity of a close association with the mutated site is less 
ndatory and the heterologous exosome could become 
ated to another region, where the actual base sequence 
favour of such an association. Here too, the exosome 
d replicate in step with the chromosome and be lost or 
ansmitted with it at the time of cell division. The proba- 
7 -a@ loss would however be high due to the imperfect 
mo. ogy. In the insertion model, the foreign gene is inte- 
tated in the recipient DNA, like episomal DNA, through 
ne homology of a few base pairs. Once integ: rated, it would 
þe hard to lose it, except on pairing with a chromosome 
homologous for the rest of the structure but lacking the 
nserted foreign piece. Although gene conversion could 
nterfere at that step, chromosome aberration is an obvious 
lternative; possibly leading to the loss of the foreign gene. 











Miksche and Brown’. The tubes were placed in wooden 
ks, kept under continuous illumination (6,000 lux) at 
C and examined each second day. 

| mutant seedlings on mineral medium died within 15-20 
hey showed chlorophyll deficiency in the cotyledons and 
the rosette leaves. Corrected plants grew slowly, with a 
re or less normal green colour. About one-third produced 
ie siliques (see below). These siliques were collected and 
yt separately in cellophane bags. The thiamine concentra- 
h necessary to provide. complete growth when seeds were 
ked in it for 3 d, then washed and allowed to develop in 
absence of thiamine, was found to be about 10-3 M. 


IA preparations 

JA preparations were obtained from frozen or fresh 
teria (or fron? isolated and CsCl-purified bacteriophages) 
y the technique of Marmur®® or by CsCl gradient prepara- 
ve ultracentrifugation, after treatment with pronase and 
vase*?, The DNA was precipitated with 2 volumes of 
hanol, kept in 70% ethanol, and dissolved in sterile 0.01 M 
NaCl just before use. The concentration used was about 
5-1.0 mg ml, We successively tried and rejected the use 
of chloroform or phenol for deproteinisation: both are toxic 
to the plant. They may also selectively remove the protein 
r membrane bound DNA molecules from the bulk of the 
TA preparation. : 

Our study of the biochemical fate of labelled DNA in 
ious systems led us to recognise that the DNA has to be 
shly prepared, of high molecular weight (> 107 daltons), 
ery clean and intact. When single-strand breaks ina DNA 
eparation could be detected from the depolymerising effects 
alkali? the preparation was discarded. Finally, fhe DNA 
ad to be given during the first 24 h of infbibition of the 
eds: otherwise it was not integrated into the recipient 
aterial (unpublished data). re he alg . 





-prepa 3S 
DNA malec: ‘during thei 





batches of a given DNA species ` w 
mutant plants tested, whereas others. 
Yet these DNAs were undistinguishable | hys 

cal methods used. Even if it is tempting to é ‘the DNA 
itself, it is of course difficult, to ciminate uncontrolled param- 
eters related to plant growth as thè source of these dis- 
erepancies. 

DNA was prepared from the Following st strains: Escherichia 
coli K12, wild type; Agrobacterium tumefaciens. B6, obtained 
from Dr A. Kurkdjian; Bacillus subtilis, 168 T-; Micrococcus 
lysodeikticus, ATCC 4698; ` Stréptomyces coelicolor AS/2 
obtained from Dr H. Hopwood; E. coli P678 (thiaA). Phage 
T7 (with normal bases) and phage 2C (with hydroxymethy! 
uracil replacing thymine) were also used. They were isolated 
and purified: following: the technique of May et al“ 






Correction in DNA-treated. populations 


When seeds of the different. mutant types were treated with 
different. bacterial DNAs, corrections could be obtained: with 
a relatively high frequency (10-2 to 10-4) comparable with 
that observed with bacterial transformation. Table 1 shows 
an overall pieture of the data gathered during the last 3 yr 
with a total of 27 different batches of DNA tested with five 
different. mutants. These data include DNA extracted from 
wild-type bacteria, from bacteria with a thiamine deficiency 
(corresponding to the thiazole pathway) and from phages 
containing normal (T7) or abnormal (2c) bases. 

Further controls were obtained by treating mutant: seeds 
with 0,01 M NaCl, the solvent used for the DNA assays. 
After DNA treatment, a few mutant seedlings, which normally 
died within 15-20 d of sowing, displayed better growth, 
formed small rosettes and eventually flowered. Only a few of 
them were fertile, however. Table 1 takes into account only 
the restored plants which produced seeds, thus allowing a 
study of their progeny. Table 1 also indicates, for each 
ease, the number of germinating seeds and the total number 
of seeds used. Contamination by wild-type seeds is: highly 
improbable as strict precautions were taken in treating and 
growing the plants. Furthermore, most of the mutants used 
bear additional markers which make them easily recognisable 
from the only wild-type strain used in the laboratory. These 
results indicate that the percentage of correction obtained 
with the group of DNAs from wild-type bacteria is similar 
for all mutants: 0.7%, 0.85% and 0.49% respectively for 
thiamine, thiazole, and pyrimidine-requiring mutants. On 
the other hand, the percentages of correction obtained for 
five mutants seem to vary with the source of DNA, E. coli 
being at the moment the most effective (0.89%) and S. coeli- 
color the less effective source of DNA (0.19%). Negative 
results were obtained with DNA from phage T7 or phage 2C, 
DNA from E. coli thia did not correct thiazole mutants but, 
as expected did correct pyrimidine ones. It should also be 
noted that in all cases, the DNA-treated plants, growing in 
the absence of thiamine showed a delay in growth and 
development, as compared with the wild type or to mutants 
supplemented with thiamine (5 x 10-° M b 





Progeny obtained by selfing söreciedi types 


Progenies of various corrected types obtained after DNA 
treatment were sown on perlite soaked with mineral medium 
or on soil and observed during the entire growth of the plant. 
The number of FI plants tested varied as a function of the 
number of. sdedse present in the fruits of the corrected plant | 
growing on a thiamineless medium. In a very few cases, ° 
thiamine was. provided at the 
vigour and thus seed production. F2 and F3- progenies in- 



















flowering stage to increase 
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Lethal mutants 
(additional markers) 







a thidl © = thiV447 
DNA (gl) fer~gl) 
E. coli 6/355/685  2/393/525 
woh Bilge (420 0/100/100 
0/145/274 1/75/75 






0/425 J 542 
071897252 


0/ 233 /291 
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sh plants with 
equiring thiazole for growth. 


i ‘@uided at least fifty plants for each expaninent. The majority 
of the corrected plants were studied up to three successive 
generations and fresh and dry weights for 5 corrected mutants 
were determined. 
The most striking result of this study concerns the lack of 
7 n on selfing in the j progenies of the various corrected 
I to F3 Toe eee from a ude eet 





the selfing was ey up to ihe pure Scarica They 
show, however, in most but not all ¢ cases, a na ae 
base of he leaf and along be main vein, In prastically all 
oases, the average fresh weight (and particularly the average 
veight) of the corrected types grown on mineral medium, 
ower than those of plants from the same progeny, 
“supplemented with 10+ M thiamine (37 to 92%). Each of 
these types thus display sensitivity to the addition of 
thiamine. Other experiments showed that the corrected 
‘pyrimidine’ or ‘thiazole’ mutants specifically responded to 
the addition of pyrimidine or thiazole and showed an im- 
proved growth. On the other hand, and contrary to the 










= situation for wild-type control plants, the progeny of some 


of the corrected plants exhibit thermosensitivity; at 16° C 


= they showed signs of thiamine deficiency, which disappeared 


at a higher temperature. 

In selfing experiments, the corrected plants behaved as 
homozygotes breeding true, in contrast to what is found with 
mutagen-induced revertants. This is also in contrast to what 
is expected in the case of a suppressor mutation introduced 
into a homozygous diploid. Indeed, in the seed, the germline 
is represented by two diploid cells*?:#*. These cells, at least, 
should contain the thiamine information to explain the lack 
of segregation after selfing. In F1 the ratio of mutants: wild 
es should vary from 1:3 to 1:7. The fact that correction 
na homozygous corrected plant suggests that there 
has been continuous selection for the corrected germ cells 
and, presumably a meiotic drive at the time of meiosis 
, favouring those gametes which harbour the thiamine infor- 

mation. Indeed, when selection pressure is avoided by giving 
thiamine supplementation to plants treated with DNA which 
show signs of abortive flowering, a high percentage of lethal 
mutants is observed in the FI progeny. 








Offspring of out-crosses 


We have analysed, in parallel, the offspring of crosses made 
between corrected plants and either the wild or the original 
mutant type (back or test crosses). Table 2shows the results 
obtained in the case of tz* a pet ie ‘thiazole’ mutant 
corrected by a treatment with B. subtilis DNA. (Similar data 
were ana are being gathered for other corrected types such 


t2432 py¥ 131 pytat 
gl (er, g1) -—) 
2/284/550 1/384 /400 4/270 /477 
3/230/480 1/100/200 0/130 /250: 
3/157 /328 0/28 /100 0/162 / rt 
0/122/120 2/428 /7 
0/152 /272 0/22 /100 ian 
0/263 /350 1/254/350 | 
0/440 /500 0/356 /520. 
0/182 /220 : 


- Tanie 1 Corrections observed in DNA-treated populations 
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0/467 /669 





& progeny /io. of germinated seeds/no. of eases edk 


should however, also segregate mto mutant 1% 


0/214 /262 













as py’, th® or tz* corrected with other DNA. 
deseribed EDEN DETS Bori her with ne p results 









types peed by qropeiies oe SUCCESSIVE self 
were analysed. 

The first generation of the outerosses (x) does 
gate. The results of the test cross {tz x fe} 3 
the correction is dominant and that the corr 
behave as true homozygotes. Reciprocal cross 
rected mutants and lethal mutants indicated t 
tion can be transmitted throngh the male 
the female and therefore does not seem to 
maternal cytoplasmic factor. 
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Leaky mutants 
taal is observed in E offspring of 






tion, , white pee of ran louration on eer iye 
white sectors on the stem ane eer! po 

















same , progeny. A aie range ‘of SE 
mediate between the normal green ah 
chlorophyll deficient plants were classifier 
‘leaky mutant’. These mutants are ob ned 
tween the corrected type and the wild type, as y 
crosses between the corrected type and the lethal 
(in the latter case, a high frequency of lethal 
being obtained}. The leaky types keep their se 
supplementation with thiamine, thiazole or pyri ie 
tively. This indicates that the correction has been ad 
the mutation and has not been substituted by it. Cor 
being dominant, the recessive mutation is not expres 
less the correction is masked or lost, for instance by 
with an uncorrected plant. 

The leaky mutants are found at equal frequene ies in | 
XF1 offsprings from tz* x tz* (9.2%) and f2° x tz { 
Their offspring includes high frequend Hes of leaky and le 
types and also normal looking plants. This normal p 
can be recovered at frequencies (21.7% and 24.700 
ing that the ‘leaky mutants’ behave as heterozy 











frequencies. The correspondingly lower values abt: 
the lethal mutants and. the reproducibility of the 
distributjons could be acounted for by various mee 

We expected that this study would help to 
genetic and biochemical data. This was in fact. t 
reason why bacterial DNA was used in the biologi 
We have not used homologous A rabidopsis DNA È 
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No, growing 
GOSS 0o ‘tested = -plants | 
xt X “> XFL li 
i = XFL = XF? 163 
XF2N — XF3 198 
y XF2Lk — XF3 198 
lze X bo © X —= XFI 20 
XFL — XF2 116 
XF2N — XF3 131 
4 XF2Lk — XF3 202 
CT Xt x — XFL 15 
xFI — XF2 106 


xFI —- i 63 


ifficult to prepare froin this material the clean, intact 
-of high molecular weight which we consider a pre- 
site for efficient uptake and integration. On the other 
d, although we wanted to use specialised transducing 
ges. to introduce selected genes only, we were not in a 
on to do so, because of the lack of phages carrying 
ane information. (The amount of DNA which can be 
up by a cell is limited as are the size of the popula- 
‘to handle. It therefore seems reasonable to try to 
ease the dosage of the interesting gene in the DNA 
paration used. This can be achieved by using DNA from 
teria, transducing phages or episomes.) This kind of 
culty has recently been overcome by using DNA from 
mineless bacteria (ineffective. as such for correction) 
bouring a F’ factor bearing the thiamine information 
LF10). These results will be published elsewhere. To what 
e of genetic model do these results lead? 





insformation models 


ferent models have been discussed by Fox et alt to 
lain their results showing genetic transformation in 
nsophila with homologous DNA. They argue in favour 
the exosome model, also considered by Hess to interpret 
unia transformation. The exosome model (Fig. 1 of ref. 
the only one which does not require an integration 


yiamine makes it difficult to ascertain the presumably 

ie nature of the corrected type. Its progeny is, however, 
r to analyse. It therefore seems that the corrected plants 
behave as homozygotes as they do not segregate in their 
wing (they dò not segregate 1:1 in test crosses). As the 
ection is stable in subsequent. offspring, it must corre- 
nd toa surprisingly stable form of exosome. 

The effect of the exogenous DNA seems to be associated 
W the gene concerned (thiamine, thiazole. or pyrimidine 
oti). This leads to the concept of an association of the 
acterial information with the Arabidopsis genome. Such a 
se association is also indicated by the absence of signifi- 
differences between progenies. of reciprocal crosses im- 
ng corrected types; 100% normal plants are obtained 
on crossing corrected euler: male or female to the mutant 
ye. The thiamine mutation remains in the genome of the 
rrected type; by crossing the corrected plants with the 
id type, a resurgence of the original mutant type does 
eur in F2 although at very low frequencies. In fact, the 
assage through meiosis for the plants arising from a cross 
th one of the oe typos seems to incgease the insta- 





ane of the appeasance ‘of i Aeaky mutant’ pheno- 
ype (which could eventually be considewd as functional 






No. ungerminated. 


i he. exogenous information into the linear structure of 
chromosome. Such an integration is rejected by Fox 
use of the absence of whole-body transformants among | 
transformed Drosophila and to the instability of the 
ection. In the Arabidopsis system the nonautonomous | 
je of biochemical lesions arising from the possible diffusion: 


cA Phenotypes 


plants Normal (N) Leaky (Lk) Lethal 
20 | 100 
15 90.1 9.2 0.7 
5 95.5 2.0 2.5 
te 21.7 70.2 8.1 
5 100 
15 75.8 6.1 17.3 
4 76.3 0 23.7 
21 24.7 65.0 
0 100 
7 72.6 0 
4 73.0 0 




























































mosaics). 

The regularity in the transmission of the genetic informa- 
tion as well as the survival of the mutated site in the cor- 
rected plant could be explained if we assume that the neces- 
sary amount of information has been added to the genome 
(and not substituted for the mutant gene) and can be 
removed by crossing the plant with the wild type or with 
the mutant, but not on selfing. Perhaps difficulties in “chromo- 
some pairing, because the correction is present. in only one 
of the two homologous chromosomes forming the bivalent, 
could be responsible for removing this correction. Such a pic- 
ture fits well with the ‘episomal DNA’ type of interpretation 
(Fig. 1 of ref. 22) emerging from the biochemical analysis. 
This model also allows an explanation for the variability in 


the functioning of the bacterial thiamine gene in the recipient 


plant, possibly related to its relative position. ‘These differ- 
ences in the phenotypic expression of the thiamine locus 
do not seem to result from a lack of integration but from 
a change in the gene environment that is able to influence 
its genetic transcription and therefore its expressivity. 
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: Ao RoN i wA iiai a aeia perturba- 
tions in the telemetry signal of Pioneer 6 {2,300 MHz) dur- 
ing solar occultation. The results? shown i in Fig. 1 present the 
-following odd features: 
(1) An anomalous redshift is added to a normal linear 
“redshift due to the spacecraft oscillator. This residual red- 
shift. which is symmetrical with respect to the centre of the . 
Sun is of the order of z = 5.18~* at four solar radu. | 
(2) The bandwidth increases sharply when the telemetry 
signal grazes the Sun. 
(3) There are some extremely sharp pulses m- the band- 








width, In Fig. 2 we show that these pulses are clearly asso- - 


ciated with a sharp increase of the redshift and correspond 
to solar flares, 

‘he existence of the. redshift is particularly puzzling be- 
se it cannot be attributed to gravitational effects nor to 
sual Doppler effect. 

al ious explanations of those phenomena have been at- 










zi P oa itiognt: interaction: P. Merat and colleagues* (un-. 

published work) have presented an explanation based upon 
_ previous work by Pecker, Roberts and Vigier®:2*. Assuming an 
-hypothetical photon-photon interaction, they supposed that 
each photon passing through a photon bath loses energy 
3 according to the semi-empirical law: 


E of U(s) ds 


| where U (s) represents the background photon density, s the 
distance travelled and C a constant whose. value lies around 
10° em? erg, Their hypothesis gives a good account of 
Abe redshift. But the width of the signal remains unexplained, 
cas does the correlation with solar f res; indeed the photon 
density U(s) remains constant during the flare. And the 
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Fia. 1 Residual redshift (a) and band 
functions of the minimum distance of P 
wignal to the centre ef the Sun. 
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Frequency (Hz) 


2° This, sample spectrogram taken on November 8, 
shows the effects of a solar event and demonstrates 
association between the broadening of the line (12 Hz 


the. anomalous redshift (4 Hz h-t) and the solar flares. 





cal A of their formula is, in our opinion, un- 
| have therefore considered more ‘classical’ explana- 


ler-type > effect: The optical index x varies when the 
ses through the solar corona. But it is easy to see 
š effect is too small (of the order of 2.5 x 10°) and 
ical with respect. to the Sun, 
ced scattering: It is well known that induced seatter- 
es rise to a redshift of intense electromagnetic radia- 
he scatterers have a decreasing energy spectrum. This 
for ions ‘and electrons. But caleulations including an 
ic tail in the distribution function of the- electrons 
. that the effect is much too small. Scattering which 
hange the nature of the waves, in particular Langmuir 
i tromagnetic waves, is inefficient at this frequeney. 
linear wave interactions: The combination and de- 
raves or scattering of waves by waves must be con- 
A plasma can support electromagnetic waves, space- 
aves and low frequency waves of the acoustic type. 
teraction of electromagnetic waves with high fre- 
(Langmuir) waves leads to the build-up of a system 
te lines, at a distance from the central lines equal to 
sma frequency w, that is much larger than the fre- 
window fn Goldstein’s experiment. Similarly, scat- 
of these waves would introduce both a large angular 
ganda frequency E of the order of the 
frequency. 
erefore, low frequency waves are ‘the only ones that 
may give rise to the perturbations. o 
emphasize that if such processes are responsible for the 
vations of the signal, it is simple to explain why these 
tions are correlated with solar flares, which are 
oO generate strong electronic perturbations in the solar 
. Low frequency waves in. the solar corona can be 
jon-sound waves or magneto-sound waves depending 
magnetic field. 
nce for the existence of ion-sound waves in the solar 
ma- are of three types: (1), Gordon? explained strong 
ar backscatter from the Sun using them; (2), scintilla- 
ons of radio sources allow us to study the density filiictuation 
therefore the level of turbulence Win/Wi. in the 
ona, at least at high altitudes; (3), broadening of sources 
solar origin (such as Type ĮI and Type J burstst) indi- 

























































a Wy. of ree ion-sound | waves could be of he order 
of 0.1 Hz. s : 


he leve 


Our. calculations have shown that induced processes are 
negligible and that the decay process (e.m. wave —> em. 
wave + ion-sound wave") gives essentially a broadening of 
the line: | 

2 l We 1o, L Cy W J? turb 
Ag arom sigue: eoaiaies 
; 51 Zr a Cc Ee W in. é 
where Woum/Wine 18 the level of turbulence and L the inter- 
action length between the solar plasma and the telemetry sig- 
nal, At four solar radii, we and c,/c have to be taken re- 
spectively as 107 Hz and 3 x 10, leading to a broadening of 
the line of the order of 10 Hz as observed. Further, the seat- 
tering process (em. wave + ton-sound wave -> em. wave 
-+ jon-sound wave’) could very well produce a redshift. De- 
tailed calculations of this effect. will be presented elsewhere. 
ARNAUD A. CHASTEL 
Jean F. HEYVAERTS 
Observatoire de Paris, 
Département d'Astrophysique Fondamentale, 
92190 Meudon, France 
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Speeding up astronomical photography = 


Various methods have been used for increasing the sensi- 
tivity of photographie emulsions prior to exposure in the 
telescope. For example, washing red sensitive (panchromatic) 
emulsions in ammonia or water, and latterly baking blue 
sensitive (orthochromatic) emulsions at 50° C have given 
reductions in the exposure times required to reach a given 
density, although at the cost of greater intrinsic fog and 
non-uniformities, and poorer photometric properties. More 
recently, placing the photographic plates in vacuum for 
several hours, with or without simultaneous baking, has 
come into common use for some emulsions, and this has 
been followed by baking in a dry nitrogen atmosphere (see 
ref. 1 and references therein). 

The object of baking or vacuum treatment is to remove 
from the emulsion water vapour and oxygen, which act as 


desensitising agents. Both techniques depend on the principle i 


of excess- partial pressures to drive out the unwanted gas 
or vapour, in the first by inereasmg the partial pressures in 
the emulsion and in the second by reducing them in the 
ambient atmosphere. Both produce undesirable side effects, 
the first an increase of intrinsic fog, often non-u T 








the second the removal of all gases and a shrinkage. ind : 


hardening of the emulsion. 

It seemed to us that the objective could be achieved on 
the basis of excess partial pressures but without introduc- 
ing undesirable side effects, by prolonged soaking of photo- 
graphic plate’ im oxygen-free dry nitrogen of high purity, 


at room temperatu re and pressure. So we carried out ex- 
periments in the laboratory at Edinburgh in mid-1972,. ae 
photographic plates being stored in a gas tight tank which 
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Fia. 1 Photographic diffuse density against logarithm of 
exposure time in minutes. Open circles, nitrogen sensitised 
Iaj emulsion; filled circles, unsensitised. 


was flushed with high purity nitrogen for several minutes 
each day. These experiments showed that, in the case of 
the Kodak IIlaJ emulsion, nitrogen soaking for a month 
was necessary and gave reductions by factors of between 
two and five in the exposure times needed to reach moderate 
density—a similar result to that obtained by vacuum baking 
but without the undesired increase in intrinsic fog. 

Prolongation of the soaking gave no further gain but no 
deleterious effects resulted. Delaying exposure of the plate 
for 24 h after removal from the nitrogen showed no sig- 
nificant fall in the sensitivity that had been gained—a not 
unexpected improvement over the alternative baking and 
vacuum techniques, 

These preliminary results were communicated privately 
to astronomers in Britain, at the European Southern Ob- 
servatory and at Palomar, and to Eastman Kodak, 

The nitrogen soaking technique has been in routine use 
with the f2.5 UK 48-inch Schmidt Telescope at Sliding 
Spring, Australia since the telescope was commissioned in 
July/August 1973. Here we report on the efficacy of the 
technique in operating conditions; this is important because 
it is well known that the photometric properties of photo- 
graphic emulsions generally depend on the temperature and 
humidity prevailing during exposure in the telescope. The 
results refer to Eastman Kodak IIIaJ plates (batch 2C3) 
since this emulsion type is to be used for the Science Re- 
search Council's southern sky survey. 

Figure 1 shows the densities reached with given exposure 
times in the telescope for 15 sensitised and 7 unsensitised 
plates. The sky brightness during the exposures was B = 
22:25 + 0.1 mag (are s)?, measured by a photoelectric 
photometer. The densities measured by a Macbeth densi- 
tometer are close to ASA diffuse values. 

There were considerable reductions in the exposure times 
required to reach given densities, by a factor 2.5 at D = 
0.6 and increasing with density (Fig. 1). Such a gain would, 
however, be spurious if the photometric properties of tHe 


emulsion had shown a corresponding deterioration. It is ° 


i Fr; rr? tT mA ary Te a i 7 ae Serr ta "Tn 
23 
therefore important to compare the density noise before — 
and after sensitising, and this is done through the factor i 
(D/ap)? (1) 
where D is the density and op is the rms. density noise ~ 
for the sampling aperture used, in this case 25am X 34am 


at the plate. The quantities were measured for nine sensitised — 
and six unsensitised plates and show no significant difference 
between the two sets. 

It is notable that any increase of intrinsic fog density due 
to the sensitising was <0.05. 

A measure of efficiency sometimes used in the USA is 


ad D/ aE) q a | 


where Æ denotes exposure and S the reciprocal exposure | 
required to reach a specular density of 1.0 (probably close 
to D = 0.6 in this paper). The results produced here for 
the nitrogen soaking technique show a gain by a factor of 
about 20 in this measure at D = 0.6, about equal to the 
gain reported for baking in nitrogen. 

Using sensitised IIIaJ plates, limiting magnitudes have 
been determined by photographing the star cluster Kron 3 
which contains a photoelectronographic sequence to B = 
22.7 by Walker?. These show that B = 22.3 is detected + 
in 30 min, = 22.7 is visible in 1 h, and easily visible m ~ 
2 h. A reproduction of a 2 h exposure is shown in Fig. 2, 
For comparison, an optimum 40 min exposure on Igt?™ 
emulsion reaches B = 21.5. | 

The nitrogen soaking technique has been tested on Kodak _ 
ITaO emulsion by B. A. Peterson and J. McKinlay at the 





overall efficiency = ( 
Tn 


+ Te Tr 





Fic. 29 Enlargement of the star cluster Kron 3 in the 
field of the Small Magellanic Cloud. Exposure 2 hours on 
nitrogen sensitised IIIaJ plate with the UK 48-inch Schmidt 
telescope. According to Walkers photoelectronographic 
measurements, the stars marked asb and ¢ are respectively 
of magnitudes P = 22.7, 223 and 21.7. 
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he. Kodak IITaJ emulsion has led to it being used for the 
nce Research Council’s southern sky survey which will 
sequently have a limiting magnitude B = 23. This is two 
nitudes fainter than the Palomar survey of the northern 
which was earied out before this emulsion was developed. 
Another emulsion with the high signal to noise characteristic 
the Kodak IHaJ is the Tiford R40. This panchromatic 
Ocess emulsion was brought into use by one of us 


pears ey not Poa Pe penne It is s difficult to 
are its performance with that of the IIIaJ because 
he three times wider bandwidth of the R40 which has 
eak sensitivity in the red, and because the telescope cor- 
‘or plate is optimised for the blue waveband giving 
er images on the I]IaJ, but one hour exposures of the 
e field taken with sensitised IHaJ and unsensitised R40 
es show that most objects oecurring on either plate 
~ on the other. 
P. M. CORBEN 
V. C. REDDISH 
ai M. E. Sm 
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olecular JEEN in X-ray astronomy 


BRE is a serious discrepancy between determinations of 
column density of interstellar matter in the direction 
he Crab Nebula. Virtually every soft X-ray observation!~§ 
h sufficient energy resolution to derive this column density 
ds a result substantially in excess of determinations based 
l-cm absorption®*, The quality of the X-ray and radio 
% Ig. now such that this disagreement must represent 
uine physical effect rather than an artefact of the data 
ia: 
t seems likey that this situation also applies to many 
Ve galactic X-ray sources. The discrepancy is easily 
gnised in thé Crab as it is a strong source with a well 
ned, nonvariable, power-law spectrum extending over 
yy decades, but many other low latitude X-ray sources 
ow a similar effect®, as does a recent detailed study of 
: Tycho supernova remnant?®, Tf the cause of this 
nomalous absorption i is interstellar, it will affect all distance 
timates of X-ray sources” based on correlated 21-em and 
oft X-ray observations, 
: o far there is no satisfactory: n of this phe- 
enon. An increased abundance of heavy elements over 
at assumed in the X-ray photoelectric absorption cross 
ection™.1? has been considered*:?,4, but the range of ele- 
ments responsible for- absorption. in the 0.5-1. 5 keV band 
limited. Oxygen is eliminated? as the required absorption 
dge does not appear prominently in X-ray spectra, Helium 
nnot be solely responsible* since the required abundance 
nerease would be hopelessly inconsistent with all other data. 
substantial increase in the Brown and Gould’? neon 
abundance coupled with a modest increase in helium could 
reconcile the datat but the latest estimates of the cosmic 
neon abundance!*-'® are at varfance with this explanation. 















: i a increase of the cosmie carbon abundance by an order of 
3 large gain in ehineney una by nitrogen ‘soaking 





ee of. carbon. has also been exam jedi 





magnitude above currently accepted values is. required. 
Carbon is one of the few reasonably well-determined heavy 
clement abundances, so this seems unlikely. 

I suggest that interstellar molecular hydrogen is responsible 
for a significant component of the necessary opacity. The 
predominance. of molecular hydrogen in dark interstellar 
clouds is well understood theoretically and established ob- 
servationally, and the very low abundance of H, in regions 
of negligible optical extinetion also presents a consistent 
theoretical and observational picture. But the intermediate 
ease of the fractional H, abundance in interstellar clouds 
of low to moderate optical extinction is not nearly so well 
studied or understood, and this is in fact the case appro- 
priate to the Crab Nebula. 

The optical extinction in the line of sight to the nebula 
has been determined by several methods'?2® whose results 
agree quite well and centre on Ay = 1.8 mag. In this region 
of moderate extinction there have been detections of both 
hydroxyl” and formaldehyde (C. Heiles and T. Troland, 
personal communication; R. Davies, personal communica- 
tion) in absorption against the Crab continuum source, 
These observations indicate two distinct molecular clouds 
which correspond well with neutral hydrogen features in 
both velocity and profiles", 

The chief problem is whether clouds of such moderate 

optical depth provide sufficient shielding from the interstellar 
ultraviolet radiation field so that any significant H, abun- 
dance may be expected in an equilibrium situation. I examine 
the feature at 11 km s% and, since two molecular clouds 
are observed, assume that it provides about half the observed 
visible extinction, implying an optical depth of the cloud 
centre in visible light® of 0.4. It could be argued instead 
that the extinction increases in a completely linear fashion 
over the distance of 2 kpe, although the available data are 
against this possibility’. This, then, is an assumption of 
the model, although hardly an extreme one, and the X-ray 
data itself is evidence in its favour. Using the model param- 
eters of ref. 6 and the shielding criterion of Hollenbach 
et al.**, I find that H, can be formed for fractional molecular 
abundance of f > 0.8. This is in fact close to the abundance 
that is observed by OAO for some stars with eomparable 
visual extinction?’. Under these assumptions, this cloud 
could contain M(H.) > 1.4 x 10% molecules em-?. Although 
interferometric studies? have shown small gradients in 
optical depth across the face of the radio source, the X-ray 
source is of much smaller spatial extent?" and so all this 
material should be available to attenuate the X-ray spectrum. 

This argument is conservative in that the direct observa- 
tion of hydroxyl and formaldehyde is alone compelling 
evidence for the presence of a substantial amount of H.. 
The nominal lifetime of these molecules in clouds of mod- 
erate optical depth is extremely short, which strongly implies 
a deficiency in the theoretical calculations of molecular for- 
mation or destruction rates, or both, in the sense that larger 
fractional abundances than predicted are invariably ob- 
served":?6, In particular, Herbst and Klemperer?” have noted 
that all reactions which effectively produce formaldehyde 
require molecular hydrogen. 

Can the inferred amount of H, provide the missing 
opacity? Unfortunately the photoelectric absorption cross- 
section of H, at soft X-ray energies is not well established, 
with theory?? and experiment?® in some disagreement be- 
tween 0.1 and 10 keV, but calculations and experiments 
agree on the®somewhat surprising result that the H, photo- 
electric cross section substantially exceeds twice the atomic 
cross section, apparently because of molecular bonding effects. 

‘here are no measurements at precisely the wavelengths 
of interest but Brown and Gould?? estimate a cross section 























i 0b: per ‘mol ie at 1 keV, 
consideration an X-ray optical depth at this energy of 
T > 0.25. The amount of ‘missing matter’ generally derived 
by most experimenters**® is of order 1 X «102? atoms em- 
or an optical depth + = 0.3. Thus the H, in this cloud 
~ alone may make a substantial contribution to the neces sary 
opacity. Since both the theoretical and experimental values 
of the cross section inerease more rapidly than that of the 
-overall interstellar medium as one considers energies < 1 
keV, even the smallest molecular hydrogen cross section 
recently suggested?* will supply sufficient opacity at 0.5 
keV to explain the entire discrepancy. 
This sharp inerease of the cross section at longer wave- 
lengths also enables us to predict that the apparent opacity 
diserepancy should become worse for observations at softer 
energies. Thus a positive detection of the Crab source at 
sV, which may be within present eapabilities, would 
> a test of this proposal. It may also be possible to 
» the H, directly in absorption against bright stars 
a -csmall angular displ acements from the Crab using 
--gatellite-borne equipment. The colour excesses of the closest 
such stars, Zeta Tau and 114 Tau, indicate however that 
they are probably not behind the same cloud as the nebula 
itself. 
. Ther e are several- problems using correlated 2l-em and 
ata to set distances to g 
variable ra HP ais <a ay e. un- 
 cërtain eross sections, abundances, spatial abundance gra- 
dients and interstellar medium excitation temperatures all 
contribute errors. If we now include the possible presence 
of non-negligible amounts of H, in the direction of many 
galactic X-ray sources it seems that, contrary to the con- 
_ clusions. of several previous investigations, such correlations 
‘may not be useful as accurate distance. indicators. 
‘pothesis presented here may have possible im- 
tions. for observations of the soft component of the 
diffuse X-ray background. These molecular clouds of low- 
to-moderate optical depth are most easily recognised in 
absorption against a few strong radio sources but if they 
-= are present elsewhere in any significant number they could 
cause substantial small-seale granularity in the observed 
ray flux. This granularity will not necessarily be well 
rrelated with 21-em data over small regions of sky and 
could lead to the erroneous conclusion® that the observed 
o flux i is not of extragalactic origin. | 
I thank R. Davies, C. Heiles, and B. Tarter for discussions, 
and acknowledge the financial support of a NATO Post- 
doctoral Fellowship. 
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Kilometre and centimei re 
Earth strainmeters 


Ir has been customary to const riet strainmeters y 
Aai 1 Wiis of sera m eu ref 1) a merit me i 





nied: 
It has been recognised for many years that | 
meters are desirable for the measure nent of stri 
Earth's surface. There are two pri 
a reais strainmeter nyerge ane short w 





ment noise’, end 1a inate bilities aa in meen ne 
ment to the ground, remains constant. The long H 
approach using a laser system has been suceessial 
above the Earth’s surface‘. | 
The advantages of short instruments he i mth 
and ease of installation if suitable low Woie 
mounting them to the rock can be used. 
The instruments described here are mechanical, re 
simple and inexpensive. The long instrument is } 
long (thus the longest strainmeter ever built} and t 


Fio, 1 Threeedays of data from rn ee : 
shire. a, September 13; b, September 14; c, Se 
1973. KI is a 1.025 km wire strainmeter ane 
10 m wire strainmeter. The upper grace is from. a t 

a thermometer. Ea rtle strain extension upwards. 
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: Fre. 2 Three days of data from Schiltach Observatory, 
-Sehwarzwald. a, January 15; b, January 16; c, January 17, 
1973. The upper trace is from a 45 em strainmeter (N20E) 
“and trace D8 is from a nearby 10 m wire strainmeter (N2E). 
“The lower trace is the predicted tidal strain (N2E). A linear 
rend of 3 x 10-8 strain contraction per day has been re- 
| l moved from the observed data, 





strainmeters have operated well for 6 and 12 months 
ectively. 
a length standard the 1 025 m strainmeter uses a 0.38 
diameter Invar 36 wire held under constant tension. The 
s supported at approximately 9 m intervals along its 
e length by thin wires which constrain vertical and 
sverse motions but allow longitudinal movements. At 
-end the strainmeter is attached to the gravel floor of 
tunnel by a 20 kg steel plate resting on a thin bed of 
t sand. At one end the wire attaches directly to the plate 
lat the other end a simple weight and lever system pro- 
3 a constant tension of. approximately 15 N. The prin- 
of the tensioning system is the same as for other wire 
nmeters. developed at Cambridge®*. The resonant modes 
ie instrument are complex; the amplitude of the funda- 
| resonant frequency (approximately 0.05 Hz) is re- 
d by mechanical damping and electronic filtering. A 
rometer at one end provides a means of calibrating the 
ument but. this is only to within 20% due to uncertain- 
in the, restoring. force produced at each support point. 
We made no attempt to protect. the length standard from 
environment. Consequently, some parts of the wire are 
ject to water dripping from the roof and others are ex- 
doto air currents near imperfectly sealed ventilation 
Figure 1 shows three days of data. The upper trace 
ds air temperature near the end of the long strainmeter. 
e- lower trace is from a standard 10 m wire strainmeter 
losed in a pipe 50 em below the tunnel floor. The remain- 
record is from the long wire strainmeter. Solid Earth 
es are clearly seen on this instrument and it is obvious 
iat some of the noise correlates with temperature changes. 
The higher noise level of the long instrument is not unex- 
pected in view of its exposure to the air, an aspect of the 
sign which clearly can be improved. 
An interesting® feature’ of multiple-support wire strain- 
1eters is that within reasonable limits the instrument need 
ot be straight. This ability to tolerate slight lateral or vertical 
fisets avoids the rigorous site constraints associated with 
other forms of long strainmeter. | 
The 45 cm strainmeter uses a 1.5 mm diameter Invar 36 
wire as a length standard which is sufficiently stiff to support 
itself horizontally, The instrument spans a block joint in 
granite within the Geowissenschaftliches Gemeinschaftsobser- 
atorium at Schiltach in the Schwarawald, Germany. The pur- 
pose of the installation was to observe any anomalous tidal 
movements between the granite blocks but it has been found 
hat tidal amplitudes are normal. The instrument is attached 
t each end by an expanding rock bolt. At one end the wire 
bolted directly to the granite and at the other end the 
ire is fastened to an electromagnetic displacement transducer. 
he calibration of the system is estimated to be mot better 
than +109%. The output is recorded on a mufti-channel chart 
recorder Aa with four standard 10 m strainmeters. 
Three days of record age shown in Fig. 2, together with 
re predicted tidal strain for Sclfiltach. = å 




















from: a Hl of these ins uments have ‘been spectrally analysed?. : 
The amplitudes agreement between instruments is within 
10% at both diurnal and semi-diurnal periods. The close 
agreement of the 45 cm strainmeter with the 10 m instru- 
ments is surprising since alignment. and attachment. errors 
are correspondingly larger in the small device. In some cir- 
cumstances it is conceivable that an array of colinear small 
instruments may provide a more representative value than 
a single larger instrument. 

It is possible to use inexpensive mechanical devices as strain- 
meters with both very short and very long spans. There is no 
reason to suppose that it is impractical to build strainmeters 
with dimensions beyond the limits of those described. Whether 
this ability will prove useful or not is a separate and com- 
plicated problem which will only be resolved by experiments 
with large numbers of instruments. 

Earth strain measurement research in Cambridge is sup- 
ported by the Natural Environment Research Council. The 
Schiltach Observatory is operated by the Universities of 
Karlsruhe and Stuttgart. 
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Production of secondary i ice particles 
during the riming process 


Ice crystals play a vital part in the formation of precipitation, 
particularly outside the tropics, so it is important to know 
the concentrations of ice particles in natural clouds and to 
attempt to predict them from measurements made, for ex- 
ample in laboratory cloud chambers, at the same temperature. 
There are sometimes large discrepancies, however’; for 
example? in maritime cumuli the concentration of crystals 
can exceed the concentration of ice nuclei as measured in a 
cloud chamber by a faetor of 10* at —10° C. One of the 
oldest: explanations? for this, revived at intervals?-+, is that 
ice particles growing by sweeping up supercooled . drops 
might throw off secondary ‘splinters’ of ice. Recent. laboratory 
experiments have, however, failed to show any appreciable 
splinter production in the riming process (ref. 5 and 8.C.M., 
J. L. Brownscombe and G. J. Collins, to be- published). We 
now present Rew,experimental evidence that copious secondary 
‘ice particles are thrown off when ice particles grow by fiming | 
in elouds at about —5° C. This phenomenon, which occurs 
ifnder.a narrow range of conditions not covered by Fa l 
. investigators, will probably explain the anomaly. a es 
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“s t rod stationary; target rod moving at 

| 27 ms. “ypical experiment with: target rod in normal 

condition : T To rod coated with enn: c, Target 

rod heated above 0° C “dob” when curve is shown 
ouble : 


Our experiments were carried out in a. Plastic walled 
chamber 1 


5m x 15m x 17 m high, enclosed in a cold 
supercooled e loud of reproducible characteristics 
le by mcd steam | into- the: chamber from a 


ae 






metal ro 130. em “long and 024 em in ee which could 
be moved. in a circular path of diameter 30 cm about a 
vertical: axis, at velocities up to about 3 m s4, in the cloud. 

_.. The bottom of the riming rod was 64 em away from the 
-o steam inlet at closest approach, Ice erystals could readily 
-= þe- detected by eye in a light beam which traversed the 
chamber below the riming rod, provided one looked to- 
wards the light source at about 10° above or below the beam. 
With the rod stationary a few crystals per minute appeared 
in the beam. When the rod was rotated so as to sweep up 
water droplets which froze and built up as rime on the 
leading edge, the rate at which erystals appeared increased, 
tor ch an approximately constant value after 4 min. When 
) wa sped, the count of erystals per minute re- 
und’ value within 4 min. A typical 
l emperature of —4.5° C is illustrated 
















types Of ex ey demonstrated that the increase 
in ice crystal count was indeed caused by the riming and 
not by some other process, such as the detachment of ice 

fragments from the walls of the cloud chamber. In the first 
_ type of experiment, illustrated in Fig. 1b, the target rod was 
< -eoated with glycerin. The ice crystal counts stayed small 
A ‘for the first 8 min of rotation, then increased when the 
glycerin. had been sufficiently diluted for the supercooled 
_ drops to freeze and build up a layer of rime on the rod. In 
the second type of experiment, illustrated in Fig. Ic, the 
i t rod could be heated by an internal electric heater to 
perature above 0° C. No rime grew on the moving rod 
and the crystal counts increased only slightly above the 
bae ground value. When the heater was gwitehed off and 














































to those shown in Fig. la. 
The relationship between the rate of appearance of ide 


= in a given time. A rate ho apities sear nee 
-erystal in the beam per minute corresponded to a tot 


experimental cloud at —5° C, we have è 


rime grew on the rod, the counts increased in a way similar 


ystals in poe light beam and the total rate of produetion of ° 









rena rate of 12 eo ies al second. ane tat of 7 













pes of sheet 27) m pe | ks th 
the rate of production of splinters p t 
increased to a maximum and then fell away i 
0.7 m s (Fig. 3). f 

At a cloud temperature of about ~5° C the 
rime increased with velocity from uA gmh at 07° 
0.5 g mi~ at 2.7 m s>. 

By attaching a glass slide, 3 mm wide. ; 
MgO, to the riming rod and rotating it a 






























maximum drop diameter is 35 wm and that such 
found in a concentration of 0.2 emè, 

The liquid water content of our experimental - 
about 1 g m~, as indicated by an instrument in 
liquid water was evaporated and the resultant < 
measured. 


Tree pie ened _ little gous on the 













€ axis ae grow as Tede or ie pii e 
action with these extreme erystalline forms may ‘be 
for splinter formation. : 
These experiments simulate the growth of grawpel » 
falling at constant: orientation in a super 


ae may a aed If ee aoe i 
and rimes in its turn, there should be no di 
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Fic. 2 Produetion of secondary ice parti les b 

a function of temperature at a target velocity . 
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i 3. “Prodivetion of secondary ice particles by riming as 
unction of target “velocity at a temperature of about 
yer 5, 1973: —4.5° C. x, November 9, 
ys cember 3, 1973; —5.7° C. +, Decem- 

l “ber 5, 1973; 52 C. 


na within | a T timè, “the observed ‘multiplication’ 
or of about 10¢ by which ice crystals sometimes exceed 
nuclei. 
Ve have still to explain. why the multiplication process is 
tin some natural clouds which span the critical tem- 
ature range —3° C to —8° C. In the shallow stratiform 
s sampled by Mossop et al.7, this can be readily ex- 
ed by the absence of rimed ice particles. The same 
ment cannot, however, be applied to the winter cumuli 
r Israel studied by Gagin®. These clouds contained plenty 
med ice particles and also drops up to 36 wm in diameter. 
: ere is little evidence of splintering, since the concentra- 
of ice crystals and ice nuclei agree to within a factor of 
0,.It may be possible to explain this on dynamical grounds. 
‘aritime cumuli which show comparatively large crystal 
centrations are usually wholly below the —10° C level, 
» that much of the graupel growth occurs at temperatures 
vourable for splintering, In the more vigorous clouds over 
el where the tops reach much colder temperatures, the 
ial riming growth of graupel particles takes place mainly at 
peratures below —10° C. These particles may then fall 
idly, with surface temperature raised by latent heat 
‘ase. Splinter production apparently requires a surface 
erature of about —5° C and therefore depends not only 
the ambient temperature of the cloud but also on the 
I velocity of the particle and the liquid water content of 
ie cloud®, In the Israel clouds the time for which the 
Sate temperature of the graupel particles is close to 
° C may be so short that few secondary ice particles are 
roduced. > 
‘We see that the high ice crystal concentrations observed 
some cumuli can be explained without postulating earlier 
growth of the clouds to higher levels‘®: such growth may 
actually produce smaller concentrations. 
-The electrical effects accompanying splintering have still 
to be investigated; they may be important in charge genera- 
_ tion in thunderstorms. 
This work was carried out while J. H. was on sabbatical 
ave at the Division of Cloud Physics, Commonwealth 
cientifie and Industrial Research Organisation, Sydney, 
ipported jointly by CSIRO and currently by a grant from 
US National Science Foundation. We thank B. M. Bart- 
, R. E. Cottis and E. R. Wishart for e 
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Ultra-thin conducting films of gold on 
platinum nucleating layers 


We report a method for obtaining highly conducting films 
of noble metals between 11 and 50 A thick on mica substrates. 
At the lower limit, the ultra-thin film (11 A) may consist 
only of two or three monolayers each of gold and platinum. 
The minimum thickness at which pure gold films start to con- 
duct is known to be 30 A (ref. 1). Before this we had found 
that a pre-nucleating layer of silver, 5 to 7 A thick, on mica 
yielded a highly conducting gold overlayer above a total 
(Au + Ag) thickness of about 32 A (ref. 2). It was con- 
cluded that nucleating layers of suitable materials, of a 
thickness below which island formation commences, might 
lead to a higher conductivity in films of total thickness legs 
than 50 A. In this range, irregularities in the surface of the 
substrate, for example cleavage steps, become comparable 
to, or even greater than the film thickness. Cleaved mica 
surfaces are known to have hill-and-valley type microstruc- 
ture. The cleavage step heights are about 20 A or integer 
multiples thereof’. As film thickness decreases to these values, 
d.e. measurements of conductivity become progressively less 
accurate. To alleviate this difficulty, we have measured 
microwave sheet resistance (R, in Q per square) at 9.7 GHz 
by Slater’s method‘, The corresponding wavelength is more 
than six orders of magnitude greater than any irregularity in 
the surface of the mica. We have used this method previously 
to estimate the conductivity of gold ae thicker than 50 A 
(ref. 5). 

For the work reported here, Sanma was selected as the 
nucleating material; adhesion of platinum to substrates is 
known to be better ‘than that of silver®:?, The films were de- 
posited on to air-cleaved and clear mica sheets less than 
0.001 inch thick, from a multi-crucible electron-beam evap- 
orator. The substrates were kept at room temperature (~ 
22° C). Eight targets were placed around the axis of the 
vapour beam at 50 em from the source in a manner calculated 
to deposit films of equal thickness*. The mass-thickness of the 
films was monitored by a quartz erystal microbalance with. 
the AT-cut, 5 MHz crystal placed in the centre of the tar- 
gets. The crystal. plate (0.75 inch-square, 1 mm thick) has 
a mass-frequency proportionality constant, Ce, of 57.6 Hz 
em? pg (ref. 9) giving a sensitivity of 11.13 Hz A“ for 
gold and 12.36 Hz A“ for platinum; the bulk and film den- 
sities were assumed to be the same. The oscillator frequency 
was measured by a digital frequency counter and recorded 


ona chart. through a digital-to-analogue converter to ascer- 


tain frequency stability. With the erystal seat temperature 
stabilised by flowing water, the maximum. frequency drift 
recorded over a period of 12 h was + 5 Hz. At an electron- a 
beam power between 500 to 600 W, the deposition. rate was o 









typically 0.5 A s+ for both metals. Films were thus deposited. 
fn a few seconds but, because the effects of the: al shock? 
lasted: more than 5 min, continuous monitoring: of ate. an 
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_ Microwave sheet resistance R 
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EF 30 
| Tot il (Au + Ptyfitm thickness / {A} 
Fre. 1 Microwave sheet resistance, Ra, against total (Au 


+ Pe thickness, b mem =e mie, Ry, O77 x 108 [2-944 with 
a somelation coefficient of 0.96. 







The ae vacuum was z 107 torr? ae pressure rose 46 
~ 5 x 10°* torr during deposition. — 

Using this method, gold films of varying thicknesses were 
deposited. on to platinum nucleating layers ranging in thick- 
ness from 3 to 10 A. A mean value of R, for sets of eight 
films deposited simultaneously is plotted against the total 
+ Pt) thickness, 1, in Fig. 1. The adjusted standard 
rin R, is shown for each set of eight films; / is taken 
obe accurate within the limits of oseillator stability, that is 
+ 05 A. | 

~The conduction | in des films was found to end abruptly 
for values of | less than 10.8 A. Combinations of gold and 
latinum thicknesses to lower this limit by even 1 A were 
=. not successful. It may, however, be noted that the sticking 
- coefficient, a, of the evaporated films decreases rapidly with 
> o jnereasing lattice mismatch between the substrate and evapor- 
|. ant materials. œ also depends on thickness and approaches 
unity above 250 A; values for æ are not known at 10 A, The 
actual thickness of the film of 10.8 A may, therefore, be only 
three o or four F monoliet i and conducting films of smaller Ges 














































hice aa. an tare films of TaN in ee range. 
It is known that the interatomic forces of attraction be- 
‘tween the evaporant atoms, of gold or platinum in this ease, 
cause liquid-like coalescence and consequent island forma- 
tion, resulting in discontinuous films at thicknesses less than 

50 A. We postulate that, before the onset of island forma- 
tion, a monolayer or so of a suitable nucleating material 
has the adatoms locked in the potential well sites on an ionic 
substrate surface. These then form an effective barrier against 
surface migration of the oncoming gold atoms and thus in- 
duce film growth im monolayers rather than discrete three- 
dimensional nuelei. The method may also be one with which 
to induce epitaxy. The choice of nucleating material seems 
eritical, 

: Preliminary annealing studies on gold-qn-platinum films 
25 A thick showed a slight decrease in R, up to 210° C; 
above this temperature R, increased slightly. The resistance 
of gold films alone increased irreversibly with temperatut®. 


studies? will be necessary to obt 


Although detailed ini situ electron microscopy and diffraction ° 










electrical conductivity and anne ro : 
gold on platinum may be taken as a reason 
that these are continuous. Further work on - 
annealing properties, together with a det 
temperature coefficient of resistance of 3 ji 
progress. Other nucleating materials are also beig 
gated. | | 
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Epoxy groups responsible for < o 
in natural rubber 


Soran a in natural duie whic h is of 


of Lahoask groups at in nn tübber e shai y 
evidence is that the crosslinking reaction can be- 
or accelerated by the addition of monofunctional or 
tional amines, respectively. These observations N 
plained if the monofunctional amine is regarded 

with, and hence destroying, the carbonyl grew 
difunctional reagent is capable of reaction — 
groups on separate chains, thus effecting a ero: 
ity of dimedone (5,5-dimethyley dohexane-], ; | 
hibit the crosslinking reaction led to the conchisien 1 that f 
groups were aldehydic. 

Involvement of aldehyde groups in. storage ha 
sitates the presence of complementary ‘z ‘aldel 
groups’ (for example, amino groups) on the - 
It is not easy to account for the presence af i 
let alone ‘aldehyde condensing groups’, on ' 
ber mol&cule in terms of the known bicsvnt 
for isoprenoid chbmpounds. 

Can other functional groups account for thie bel 
The presence af epoxy groups cansprovide a me : 
storages hardening. Epoxidftion of the olefinic double 

+ 

























f some , other: ‘sonipbunds of mixed O. origin. 
vidence for epoxide groups in natural rubber i is pre- 
in this paper. 
age hardening may be ad to occur by the fol- 
reactions: 

-Epoxy groups are ring opened by naturally occurring 
no-compounds in the latex, for example : 


“tes, 


CHa CHE, 


PCH CCH a CH CHC OCH™ l 
| | j 


G PEN OH 


+ RNI: i 


is. ‘substituted amine could imteract with an epoxy 
-an adjacent chain with formation of a erosshnk 


CH, 
Mw CH=CH C —CH av 


R N OH 


pow CH CH me me CH, A 
CH, 


‘presence of epoxy groups is fully consistent with the 
ental results, which apparently favoured aldehydic 
since ring* opening of epoxy groups by amines is well 
Similarly the reactions of epoxides with active hydro- 
mpounds analogous to dimedone have been reported, 
hermore the present proposals provide insight into the 
ously unexplained observations that the- addition of so- 
‘azide as a preservative to rubber latex leads to a de- 
se in the number of ‘condensing groups”, and that con- 
s of low pH during coagulation of- the latex reduces 
ent of crosslinking on storage®. The former is readily 
d since the azide ion cleaves epoxide rings to the B- 
-aleohol®. Similarly the latter observation may be at- 
ed to ring opening of epoxy groups under acidie condi- 


CH, | CH; 
H*/H,O a 
—— ~C Hie H-C Cur (4) 


D 4 on” 
T: resulting glycols have no crosslinking ability 


‘he presence of epoxy groups in natural rubber was demon- 
by making use of reactiĝp (4). A sia lates sample 


The chain scission resulting from oxidation of the 1,2-diols 
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° the inbreeding coefficient (f,) defined as the probal 














































was detected by viscometry. The intrinsic viscosity { nl of 
a chloroform solution of the natural rubber sample, at 30° 
C, before and after treatment with lead tetraacetate is 3.75 
and 0.39, respectively. : 

It is immediately apparent that considerable degradation 
has occurred. Unforunately, the parameters of the Mark- 
Houwink viscosity equation for natural rubber in chloroform 
are not available but, if a reasonable value of a = 0.7 is 
assumed, then the decrease in viscosity porrespdnda: to a 
decrease in molecular weight by a faetor of about 14. This- 
in turn leads to an average number of about 13 epoxy groups 
per chain. The value is only approximate since not all of the 
epoxy groups may have ring ‘opened but nevertheless it seems 
significant that the value is of the same order as that re- 
ported previously for ‘aldehyde groups’ in natural rubber’. 

That the decrease in molecular weight, on degradation with 
lead tetraacetate, is due to the cleavage of 1,2-diols rather 
than oxidation of the double bonds is suggested by the rapid 
reaction, degradation being essentially complete within 30 
min. Although oxidation of double bonds by lead tetraacetate 
has been reported, the reaction is slow and addition products 
rather than bond cleavage are observed’. 

7 D. R. Burrieip 
Department of Chemistry, 
University of Malaya, 

Kuala Lumpur, 22-11, Malaysia 
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Geographical uniformity of 
selectively neutral polymorphisms 


Ix a recent issue of Nature, Bulmer’ criticised the ‘neutral 
theory of protein polymorphisms on the ground that the 
infinite neutral allele hypothesis of Kimura and Crow®, when 
combined. with Malécot’s two-dimensional. dispersal model? 
leads to results which do not fit to actual data®*, In this 
note, we intend to show that Bulmer’s conclusions are. en- 
tirely due to the unwarranted assumption of infinite popula- 
tion size inherent in Malécot’s formulation, and: that w a 
the assumption is corrected, the data in fact: ate. consis ent = 
with the neutral theory. es 
Bulmer claims that there are two oaair. First, if o 
we use Maléeot’s formulae for a continuous two-dimensi onal 
dispersal model, we get a rather strong geographic E 
isation of allel le frequencies, whereas considerable < un 
is observed in the data. He uses Malécot’s two q 














and oef of kinship (fs) defined ina aaa way, 

Gà between two Sadiyiduals at a distance x apart. Using Malécot’s 

formula for fe and f, which are valid only for a population 

distributed over a two-dimensional habitat’ of infinite size, 

- Bulmer caleulates the ratio, pe = f2/fo. The numerical values 

of pe presented in his examples certainly decreases quite 

-| rapidly as x increases, On the other hand, the estimates of 

this ratio using data from Drosophila pseudoobscura are 

© very close to unity even for far distant localities, such as 

>o Texas, Colorado and California. He claims then that such 

-a diserepaney cannot be resolved except under the absurd 

=, assumption that the root mean square dispersal distance, ø, 
-= is of the order of 2,000 km. 

© Secondly, he points out that the expected degree of homo- 

zygosity ( 1.) would be much less than that of the data, unless 

ae gene S is vey restricted. The average oS 














Us o a tHe mean square geen aaan between 
the breeding places of parent and offspring (a?) must be an 
a absurdly small value. For example, if the nutation rate u 
js 10°, then the number of flies within a circle of radius ø, 
Tr is 0%, is Pea 0.38. This seems to be not yards untrue 











t 5 relive that Malécot’s formulae used by 
alid only for cases where the total population 
“number (NV) is much eral than the reciprocal of mutation 
vate (u) and the habitat is large. The size of habitat alone, 
however, is not sufficient, as long as the population is finite. 
Of course, if the population is truly infinite, his formulae are 
valid. On the other hand, if N and 1/u are about the same 
_order of magnitude, it is necessary to use formulae valid 
2 a finite population. For such a population, Malécot’s 
-formulae cannot be used even as an approximation, because 
‘they give entirely different values. Exact analysis for a 
finite case of torus-like space of size L, x L, was obtained 
by Maruyama’, For a more realistic case of a rectangular 
habitat of size LZ, x Le although exact solutions were not 
obtained, it turned out that they can be approximated by 
solutions of the torus-like space of size 2D, X 2L, (ref. 9). 
So, we use the torus-like space in the following discussion. 
If we designate position in the space by Cartesian coordinate 
system and let f(z, y) be the probability that two homologous 
genes separated distance z and y along the first and second 
axes respectively are identical by descent, then 
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a $ > 2 An A Ran eer m mx oa 2rny (1) 
E aoe ‘gn: ce ay oe or i Ra al Ey l La 


wi Ao = I: and as = 32 if k z 0, 8 is the population 


1A den sity and 





_ any 


Rann -f r re » je mmé co L. dé dn 


in oaao au n is the probability t that a pa is nee 
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: i | 2 2 2 
H(z, ) = sap ex [= (a? + D O 
and | 


Ran = exp | ™ 
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p hari al values: of the 
genetic corr elation 


A 


TAB I 








4N u N n od 
0.08 2 x HP hye ‘2 
0.12 3 x 10 10 a 
0.12 3 x HF 107% Ld 
0.2 25x 107 2 ™ e 106 
0.2 2.5% 10° 2 x 10 ng 
0.4 10? iw i 
0.4 107 lis 

1.6 2.5 x 108 ET 10 
40 10 i= 100 
10.0 2.5 x HF la 1G 
40.0 108 jor? j 
40.0 10? 18 


100.0 2.5 X 10° ig“ 50 





* fmin is the kinship coefficient between two ind 
apart. 


In our formula (1), fe is involved implicitly, i 
determined explicitly, 


where 


=> vf 
m= not. T ee 15a- pom a) z 
Using formulae (1). and o ` a 
and assuming la = La; we | 
numerical ap heels usin TE 


ay size. “Here, a saa 
siege aii oi Timurs ba 





ake 4Nu = O41 ~ 0. 2, A valve of h A 
right pory of magnitude consistent 
Note here that N represents the € 
rather than the actual size. Numerical exan 
sented in Table 1, where fms is the kinship e coe! 
two individuals furthest ei re baie A 





completely different from that of a pei it 
Bulmer i 18 vap oranien i in eid Maliect: s forn nü 


asuna of a eee ae Pati Me gan | 
solved by the correct assumption. This may 1 
comparing values in column fmi/fo of Table 1 in 
with his tables. r 
It seems appropriate to discuss here the influence i of 
dimensionality of space on these properties. Through ; 
calculations, we found that a two~dimensiona 
tends to be nearly panmictic, particularly í E 
of 1 or less, and that panmixity can be altai 
a conseguence, fo is related to N almost dire 
other hand, in an one-dimensional {or a ong 3 
population, the situation is quite different, ani 
differentiation appears, if o75 is small compa 
habitat length. When the habitat size is sulhcien 
value of f, becemgs nearly indepemdent of the to 
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‘But as s long as the valu 
“gize, which is often the case in a two-dimensional 
n, the finiteness must be taken into account. This 
> Bulmer has made an error. We conclude that the 
of geographical distribution of protein polymorphisms 
Drosophila as discussed by him is indeed consistent with 
neutral theory. 
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matic acylation of histidine to 
govirus RNA 


virus RNA from the TYMV familys, TMV+% and 
can be enzymatically esterfied with valine, histidine 
Sine, respectively. The aminoacylation of intact or 
ented plant virus RNA*, may be an important bio- 
function and, therefore, the question as to whether 
mammalian viral RNA can be charged with amino 
becomes significant. In this work, we show that 
irus RNA ean, in fact, be specifically acylated with 

e by a mouse liver aminoacyl-tRNA synthetase prep- 


























engovirus was grown in mouse L-929 cells (clone CCL1) 
| precipitated by polyethylene glycol. The virus particles 
purified by banding in CsCl before the extraction of 
CRNA (see legend to Fig. 1). This step was found to 
yportant for the elimination of any contaminating 
tRNA. To test the homogeneity of the viral RNA, 
were analysed by electrophoresis on polyacryl- 
agarose géls**. No detectable amounts of RNA of 
1olecular weight could be found in the viral RNA 
ration. The apparent molecular weight of the mengo- 
s RNA was estimated as 2.3 x 10°, by comparing its 
tion with that of TMV RNA and total E. colt RNA 
_1). Our value for the molecular weight differs slightly 
previous values for mengovirus, which were based on 
rodynamic measurements (1.74 x 10°, ref. 10) or sucrose 
nsity gradient sedimentation analyses (2.8 x 10°, ref. 11). 
engovirus RNA can be acylated with a mixture of 16 
ọ acids by mouse liver aminoacyl-tRNA synthetase 
able 1). On the other hand, MS2 bacteriophage RNA or 
use liver rRNA are not aminoacylated under the same 
werimental conditions. It is interesting that the heter- 
gous aminoacy l-tRNA synthetase from E. coli failed to 
‘late mengovirus RNA, MS2 bacteriophage RNA or TMV 
A. Mengovirus RNA was found to be. esterified solely 
histidme by the mouse liver aminoacyl-tRNA syn- 
tase preparation. This was deduced from the finding that 
acylation of mengovisus RNA with a guature of labelled 





OF fo is influenced | d by $ 
































Fic. 1 Polyacrylamide-agarose gel electrophoretic patterns 
of mengovirus RNA, TMV RNA and total E. coli RNA. 
Confluent monolayers of mouse L-929 cells (clone CCL1) 
were infected with 2 PFU per cell of mengovirus. After 
incubation for 1 h at 37° C, 40 ml of Eagle's MEM contain- 
ing 8% calf serum was added to each 200 cm? bottle. In- 
cubation was continued for 18 h, at which time the cell 
mass was dislodged by gentle shaking. The suspension was 
frozen and thawed and the lysate was freed of cell debris 
by centrifuging at 1000g for 5 min at 4° C. The mengovirus 
suspension was supplemented with 6% polyethylene glycol 
(6000, Union Carbide) and 0.01% f-mercaptoethanol and 
stirred at 0° C for 1 h. The precipitate was collected by 
centrifugation at 12,000g for 20 min and suspended with the 
aid of a glass-teflon homogeniser in 100 mM Tris-HCl, 
pH 79 and 10 mM EDTA. The density of the suspension 
was adjusted to 1332 g cm- with CsCl and the virus par- 
ticles were banded by centrifugation at 40,000 r.p.m. in a 
type 40 fixed angle rotor in a Beckman Model L ultra- 
centrifuge for 18 h. The band containing the virus particles 
was collected, diluted three-fold with water and centrifuged 
for 2 h at 40,000 r.p.m. The RNA was isolated from the 
virus suspension by phenol-chloroform extraction, followed 
by ethanol precipitation’®. Each RNA (1.0-5.0 uz) sample 
wag applied to an 1.7% polyacrylamide-O0.5% agarose slab 
gel. Electrophoresis was carried out for 25 h at 0° C at 
114 V cmt, The gels were stained with Stains all®. Slot 1, 
Total Æ. coh RNA; slot 2, Pend RNA; slot 3, menogovirus 


amino acids is hardly suppressed by the addition of excess 
non-radioactive mixture of amino acids lacking histidine, 
whereas the ddition of excess non-radioactive histidine com- 
pletely inhibited the reaction. | 
e We have devised an electrophoretic method to determine 
the size of individually labelled aminoacylated tRNA species. 




































NA was acylated@ with N-hy yaroxyeuncinimide acetyl ester 

s to ad 1 N-aectylimibonoy!- RNA, We synthesised the latter, 
since N-substituted aminoacy -tRNA derivatives have been 
shown to be considerably more resistant to *hydrolysis than 
the corresponding unblocked aminoacyl-tRNA derivatives 
. (eompare ref. 12). Using N-acetyl-8H-aminoacyl-tRNA mol- 
ecules, we have been able to estimate their size by monitor- 
ing the radioactivity of the sliced. gel. Under these conditions, 
unblocked aminoacyl-tRNA molecules are completely hy- 
: drolysed. Figure 2a shows the electrophoretic migration of 
mouse liver N-acetyl-*H-histidyltRNA. The electrophoretic 
-pattern of mengar RNA bound 1 to N-acetyl-*H-histidine, 
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Source of RNA Amino seis 











Mengovirus 3H-mixture 
TMV 4H-mixture 
MS2 bacteriophage #H miztu re 
Mouse liver rRNA +H i 
Mengovirus 

Mengovirus 














































Mengovirus TA eE 
Hy 'H-hist idine 


The incubation mixture > (0 

pH 7.5, 1 mM ATP, 10 r 
uCi of a mixture of 16 apy. 
protein hydrolysate, Schy 
nine, cystine, glycine, his d 
lysine, methionine, pher 

tyrosine and valine) or #H-h 
10-20 ug RNA and 50 ug mous +] 
or 5 ug of partially purified mou: 
or 5-10 ug of an E. coli enzyme pr 
mixture of 0.08 mM each of 15 unl 

histidine was added. The incubat É 
for 30 min. The reaction was stopped 

of bovine serum albumin solution | 

tion with cold 5% trichloroacetic avi 
through glass filters (Whatman 
The mouse liver. aminoacyl-t z 
fied from a 105,000g supernatant I 
liver histidyl-tRNA synthetase 

cellulose chromatography. The Xr X 
was prepared according to Muench and Re i 





and run in parallel on the game gel 
The size of the major RNA p 
was estimated to be between O.Y De 
daltons. In addition, a small part- f the "H 
attached to RNA of molecular weight 125 
the mengovirus N-acetyl-*H-histic 
treated with pancreatic RNase | en 
electrophoresis, no radioactivity could be 
various gel slices. 
From these results it is elear that thea me 
is enzymatically acylated with histidine, Tt. 
virus RNA is eleaved during th 
e petaus of oe 





























acetyl-3H-histidyl- RNA (b). Mous 
govirus RNA were acylated 3 
mmol) with mouse liver his 
described in the legend to * 
labelled aminoacyl-RNA solut 
acetate, buffer, pH 4.2 and O15 r 
The precipitated RNA was dissolved i 
sodium acetate buffer, pH 50 andas 
dimethylsulphoxide containing 5 mg : 
mide acetyl ester was added. The + was f 
ad previously described??. The: mouse diver i 
histidyl-tRNA (663 cpm. ag) and the m 
acetyl-3H-histidyl-RNA (179 cpm: ge!) p 
applied to two different slots on a 17% 
0.5% agarose slab gel. In a third slot 5 gai 
RNA was added. Electrophoresis was ¢ 

0° Ceat 114 V em. The gel was st 
and then sliced into 1 mm fractior 
ferred to a 3.5 ml vial, incubated bok 1 
sham/Searle)*for 30 min at 20° C a n 
based scintillation fluid was added. "Th Wh 
into standard 20 ml scintillation 
Packard Trica rb scintiWdat: jon conni 
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t et onikilty. o of tRNA. contaminntion 
‘cluded. Moreover, the reaction of mengovirus 
RNA with N-hydroxysuceinimide acetyl ester was 
sd out in 66% dimethylsulphoxide. Under these eon- 
i s any PEPA N non-cove ilently linked tRNA would 
Shen dissociated from the mengovirus RNA. 

‘o estimate the extent of mengovirts acylation, we have 
reased the histidine concentration in the acy lation mixture 
using C-labelled histidine (Schwartz/Mann 342 mCi 
molt). Under these conditions, 0.18 mol histidine are 
ted. per mol of mengovirus RNA, as compared with 
‘of 0.30 mol obtained with TMV RNA. The latter 
nfirms the results of Litvak et al.5. 

s.study we have shown that specific aminoacylation 
‘RNA is not confined only to plant viruses. It will 
resting to determine whether other mammalian viral 
preparations also serve as acceptors for amino acids. 
‘case of poliovirus RNA, no aminoacylation could be 
ed by Oberg and Philipsont. Whether this is due 
nature of poliovirus or to differences in the amino- 
n system. remains. to be determined. 

ological on of the amino acid acceptor activity 
-virus and mengovirus RNA is not known. It is pos- 
hat the aminoacylation of these viral RNA species may 








oacyl-RNA may be involved in the recognition site of 
RNA replicase. 
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came regulatory function in protein synthesis or that 


D-2,3- DAE P e (DPG) facilitates ke viai of 
oxygen from human red blood cells to the tissues by lowering _ 


the oxygen affinity of haemoglobin'. It does so by combining = 


preferentially with one of the two alternative forms of — 
haemoglobin, namely the deoxy form, in the ratio of 1 mol 
per mol tetramer, Its binding site was predicted from bio- 
chemical and model building experiments and then determined 
directly by X-ray crystallography?. The site lies at the en- 
trance to the central, cavity between the N-termini of the 
B chains and is surrounded by four pairs of basic groups: 
the a amino group of valine 1 and the side chains of histidines 
2 and 143, and of lysine 82. The basic groups are related in 
pairs by the molecular dyad and arranged so as to comple- 
ment the acidic groups of DPG by forming seven salt 
bridges (Fig. 1). On oxygenation the N-termini of the £ chains 
move apart and the cavity closes up so that the stereochem- 
ical complementarity is lost?, Oxyhaemoglobin does also bind 
DPG, but much more weakly, and the binding site is still 
unknown. | 

Several other multivalent anions, including inositol hexa- 
phosphate (IHP), ATP, GTP and. [Fe(CN),|]*, also lower 
the oxygen affinity of haemoglobin. The most effective and 
biologically also the most important of them is IHP, as it 
is closely related to the inositol pentaphosphate which takes 
the place of DPG in regulating the oxygen affinity of bird 
erythroeytes*®, We have determined the binding site of 
IHP by X-ray analysis and model building, Its six phosphate — 
groups are coordinated to the same basic groups of the B 
chains as the single carboxyl and the two phosphates of 
DPG, and the binding of the two compounds also produces 
similar changes in the tertiary structure of the 8 subunits. 

Crystals of human deoxyhaemoglobin were prepared by the 
method of Perutz*, except that the ammonium phosphate 
normally added to the more than 2 M ammonium sulphate 
solution was replaced by 20 mM IHP at pH 6.5. At this high. 
ionic strength, however, IHP failed to bind. The crystals were 
therefore soaked for 1 d in an aqueous solution of 70% (v/v). 
2-methyl-2,4-pentanediol (MDP) + 1 mM IHP + 20 mM 
bis Tris adjusted to pH 6.5 with HCl. Other crystals were 
grown in the standard way (that is, without THP) and soaked 
in a solution of 70% MPD + 20 mM bis Tris at pH 6.5. 
The structure of the haemoglobin molecules in such erystals 
is the same as that in crystals suspended in concentrated 
ammonium sulphate?. The intensities of about 14,000 re- 
flections within a limiting sphere of 3.5 A“ from erystals 
in MPD with and without IHP were measured on a Crystalign 
four-cyele diffractometer. A difference Fourier synthesis was 
calculated using (\F.ime| — |F-me!) as the coefficients to- 
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Fic. 1 Binding of DPG to human deoxyhaemoglobin. 




















































Xi Pho. 2 Fourier map. showing the binding of IHP. Black 
contours: sections —15 to —23 A of the electron density 
map of human deoxyhaemoglobin which includes the same 
parts of the molecule, in the same orientation, as the 
model sketched: in Fig. 1. Difference peaks P1 and pl 
straddle. the N terminus, peaks P5 and p5 the A helix, 
peaks P2 and p2 histidine 143. The positions of helices 

E and F and of the EF corner are obvious by reference 

to Fig -1. White contours: difference electron density 
x IHP. Solid contours and upper case letters mark 

ositive difference density; broken contours and lower 
gage letters, negative difference density. 


gether with the phase angles determined by Muirhead and 
Greer’. 
The difference electron density map is dominated by a 
massive and markedly asymmetrical positive peak at the 
= entrance to the central cavity between the N termini of the 
B chains. The asymmetry may be an artefact, because the 
lyad axis passing through the centre of the haemoglobin 
| molecule i is not a crystallographic one, so that errors in inten- 
< sity measurement and in phasing have different effects on 
points in the electron density which are related by the 
` | molecular dyad, but are not erystallographically equivalent. 
The difference map was therefore averaged about the molec- 
= ular dyad, as in the previous study of DPG, and then 
sampled in planes 1 A apart perpendicular to that axis. 
Figure 2 shows a projection of several sections of the 
ymmetry-averaged map. The large difference peak is cross 
d and has its maximum at a level 12 A below that of 
‘Iron atoms in the 8 subunits. To find the orientation of 
he HP molecule, a model built according to the structure 
ts sodium salt® was viewed against the difference map 
ame Richards box? in which a model of human deoxy- 
aemoglobin had been constructed (A. A., L. F. Ten Eyck, 
and G. Fermi , unpublished). The model of IHP fitted the 
ference map only with the cyclohexane ring parallel, but 
“not perpendicular, to the dyad, and it fitted well with the line 
_ joining phosphorus atoms 3 and 6 normal to the dyad and 
inclined at an angle of 32° to x (Fig. 3). An equally good 
fit can be obtained after rotating the model by 120° so that 
phosphate 1 occupies the place of 3, and 4 that of 6. The 
distance between the phosphorus atoms of either of these 
two phosphates is 7.5 A as compared to 6.5 A between those 
of fully stretched DPG (Fig. 1). In either of these orienta- 
tions our very limited resolution allows some latitude for 
rotation of the individual phosphate groups about both the 
C-O and the O-P bonds and therefore the fit should not be 
regarded as strong evidence in favour of the conformation 
of IHP in deoxyhaemoglobin being exactly the same as in 
the erystals of its sodium salt. 

Phosphates 3 and 6 fit in well between the two æ amino 
groups, which are 4 A from the nearest phosphate oxygen in 
the undistorted deoxy structure (Fig. 4). This distance «s 

“too TANEN for salt bridges, so that IHP (and DPG) pull the , 














eG quai groups closer to oth 




























comes from a pair of positive (P1) and negativ 
which straddle the native electron density pe 
18, showing that the N termini move towards the 
and peaks P5 and p5 which show that the entire 2 
moves towards the centre of the molecule. Pe: ake P2 at 
show that histidines 1438 also move towards the ae 8 
As in the DPG map, a large negative peak {P4 
a peak in the native density, indicating that tis 
resented by that peak are removed by LAP 
outside the density representing the protein. 
due to an inorganic anion, either sulphate orp 
to the « amino groups in the absence of IHP. Unii 

DPG map, the IHP map shows hardly any movement of ) 
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: ‘Binding o of THP to ERR deoxyhaemoglobin. Note 
he conformation of lysine 82 is different from that 
ig. 1. The side chain of asparagine 139 which could 

ee bonds with phosphates 1 and 2, lies ap- 
proximately above that of lysine 82. 





t the side chain lies in the correct poistion to form 
iges with phosphates without having to move. The 
he absence of difference peaks near histidine 2 
ecause this residue must move with the N-termi- 
ix A. The amino groups of asparagines 1398 are 
‘that allow them to form hydrogen bonds with 


ary structure of the 8 subunits, and the same 
he HP complex. The movement of the A helix 
eferred to. Weaker difference peaks along 
F, and along helix H (not shown in Fig. 2) 
uctural. disturbances that radiate from the IHP 
te and: extend as far as the haem. At our present 
f 3.5 A the exact nature and magnitude of these 
es cannot be determined, but they may be such 
ose the transition of the tertiary structure from 
to the oxy form, in which case both DPG and 
Id decrease the oxygen affinity of the R subunits 
uaternary deoxy structure. 

mmary, the mode of binding of IHP to human 
emoglobin is similar to that of DPG. There are the 
t basic groups to form salt bridges with the six 
s of IHP as with the two phosphates and one 
f DPG, but in addition asparagines.139 may form 
bonds with two of the phosphates. Titration of 
ws that it carries about eight. negative charges: at 
ie of Aan basie groups. of the globin, the « amino 
of f 10.5 and will therefore 
| sais four i imidazoles 











e of > A ‘cabunite $ that eend to the 
nd could lower the oxygen affinity by stabilising the 
deoxy structure of the tetramer and by constrain- 
rtlary structure of the 8 subunits. 

n erythrocytes inositol 1,3,4,5 ,6-pentaplrosphate 
ikes the place of DPG as a regulator of oxygen af- 












‘the | same position in chicken deoxyhaemoglobin as IHP 
oes in human, the numBer of hasic groups facing it would 


3 istidine 2. Lack of the former is explained by the 


: difference 1 map showed widespread disturbances. 


The only avian haemoglobin sequenca determined sO. 
hat of the chicken". If, as seems likely, IPP takes — 
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$-2-Microglobulin is part of the HL-A 


molecule in the lymphocyte membrane 


Ir has been shown that papain-solubilised HL-A antigens 
consist of two polypeptide chains, which may be separated 
under dissociating conditions?. Peterson et al. have shown 
that 8- 2-microglobulin (B-2-m) constitutes one of the two 
polypeptide chains in papain-solubilised HL-A antigens. In 
these antigens, B-2-m represents a constant small subunit 
(molecular weight 11,800), whereas a larger subunit (30,000- 
31,000) carries the allo-antigenic specificity. The studies by 
Peterson et al. do not exclude the possibility that the two 
subunit structure of HL-A antigens might be a product of 
the solubilisation process. It has previously been reported‘ 
that B-2-m, which also occurs in biological fluids®, is present 
in high concentrations on the surface of lymphocytes. The 


Second treatment 


First treatment 


Anti-HL-~A 
TRITC-~anti-Hlg 


R-anti-#-2-m, 
FITC ~anti-Rig 


R--anti- R-2-m 
FITC. anti-Rig 


Anti-H L-A, 
| TRITC-anti-HI g 


l Reas Anti-HL-A, 


TRITC-anti-Hig 





f-2-m ©  HL-A ©  Species-specific determinants(ALS) 
Fic. 1 Diagram of cell membrane antigen aggregation. 
Lymphocytes were first incubated with one set of- anti- 
bodies at room temperature followed by incubation. for { 
min at 37° C to induce capping of a cell membrane antigen. 
The cella were then reincubated with other antibodies at 
4° C to determine whether the antigenic determinants 
detected by the second antibody co-capped with the antigen 
detected by the first antibody. 1, R-anti-6-2-m: Rabbit- 
anti-human-p- 2microglobulin ; 2, R-ALS: Rabbit anti- 
human lymphoe cyte serum; 3, 


HH 









eswine-anti-rabbit-immunoglobulin ; 5, po 7 
Rhodamine-labelled-goat-anti-human-immunoglobulin™. | 











‘specific anti-HL-A+ 4, FITĊ-anti-RIg: Muardscelasinbelts aan 
































ion /blocking of | 





| > 2 Background 

Pretrestment* = - (AB-serum) 
- Nene (native cells) —~ ft 
C o Anti-g-2-m (+) 
-13 Anti-g-2-m + B-2-m | (+) 
- Anti-HL-A (pool of multispecific. Bera) (+) 
i Anti-lymphocyte serum (ALS) (1: ; (+) 





* Sensitised for 2 h at 20° C, | wished ‘incubated with anti-immunoglobulin for 30 min at 4° C, washed, and incubate: a 
5%-20%; + 


t Strength of the reactions: -= < 5% lysis; (+) = 


a present study was designed to establish whether B-2-m is 
< part of the intact HL-A molecule in the cell membrane. 


ve _ Experiments were performed in which the blocking of HL-A 


< antigens®’, 8-2-m and other lymphocyte membrane com- 
ponents were induced by selected antisera. Furt hermore, to 
study the relationship between these cell membrane com- 
-ponents and the antigen receptors on lymphocytes, the 
ferent antisera were also tested for their ability to induce 
ye inhibit. lymphocyte activation in vitro. Methodological 
details are published elsewhere’. 

-Anti-human-f-2-m (Dacopatts, 2900 Hellerup, Denmark, 
Catalogue Code. T-072 Lot 023) was prepared in rabbits by 
4 on with highly purified B-2-m from urine: the 
as immunochemically monospecific for 
blocking of cell membrane antigens was 
4 direct, technique. In 0.2 ml Hanks BSS 
se w Laboratories, Irvine, Scotland), 400,000 human Ivm- 
“iphoey tes prepared by Ficoll /Tsopaque flotation, were first 
incubated with 0.2 ml of either undiluted anti-8-2-m, two 
rabbit anti-human lymphocyte sera® (ALS) diluted 1:64, 
or with undiluted multispecifie cytotoxic anti-HL-A serum. 
Preliminary experiments showed that these antiserum con- 
centrations gave optimal cap formation. To potentiate 
is regation/capping, the cells were then incubated with 
02> m anti-immunoglobulin (FITC-labelled or unlabelled 
swine anti-rabbit immunoglobulin (Dacopatts 21090 or 
F2190) or rhodamine-labelled goat anti-human immuno- 
globulin (Highland, Los Angeles} and warmed to 37° C for 
30 min®?, 

By- microcytotoxicity testing’, undiluted anti-8-2-m_ in- 
duced 60-90% lysis of all human lymphocytes tested: the 
- lysis was reduced to 30-40%, after dilution 1:2, and lost 






























< upon dilution above 1:8. When the lymphocytes were first 





_ incubated with anti-8-2-m and anti-rabbit immunoglobulin, 
immediately followed by microcytotoxicity typing’, all 
detectable HL-A antigens on the tested cells were completely 
ocked; that is, none of the antigens belonging to three 

ant SD- „series? could be detected (Table l). Atter 








ries) and: AB € serum ror 24 h at. 37° C, blocked celle. again 
owed a normal typing pattern. Preincubation of the cells 

poo. À] ced the expression of HL-A 
A , but did not prevent the cells from being lysed by 
T Bam (Table 1), thus indicating an excess of B-2-m 
compared with HL-A in the cell membrane. 

Aggregation of cell membrane. antigens was also studied by 
immunofluorescence of double-stained cells. Aggregation was 
induced during the first staining procedure by warming to 
87° C for 30 min; and the second staining step was carried 
out at 4° C to avoid additional aggregation of membrane 
components. When cells were first incubated with anti -B-2-m 
and stained with FITC-labelled anti-rabbit immunoglobulin, 
followed by incubation with anti-HL-A serum and staining 
with rhodamine-labelled anti-human immunoglobulin, the red 
fluorescence of the HL-A antigens was su erimposed on the 
green fluorescence of 8-2-m, which showet aggregation into 
natehes and caps in virtually all cells, Figure 1 shows these 
results in diagrammatic form. (The cells were examined 
n immediately with a Leitz. Ortholux microscope equipped with, 
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(specific for the cells) (undiluted) 
EE Se S R Sa dee. 
(+3) (+) + te i 
+- f+ -+ ge Ea ~fe + + = i 
(+) fpo aae 
FEF A e ial 






E test ra 


















= 20% 40% ; ~de mpe 3007 7 60C: vpe whine mgen pS 


a Ploem-type vertical illuminate 
ie the ee aa Gea 









































DT oun obs Ere. 

Thus both microcytotoxicity tests- and 
demonstrate that anti-B-2m « i 
blocked 8-2-m and HL-A° mole 
This strongly indicates that B-2-m is 
HL-A antigens in the cell membrane. By « 
did not coaggregate antigens against wl 
directed. 

When lymphocytes were preincubated w 
HL-A sera followed by rhodamine-labelled 
munoglobulin, and then reincubated wi 
double-stained with FITC-labelled antics 
lin, immunofluorescence mieroseayy 
superimposed on red patches and e 
distributed over the rest of the 
the observations by cytotoxicity te 
of B-2-m compared with HL-A : 
brane. | 

When the cells were preincubated with ALS fe 
anti-rabbit immunoglobulin, no blocking of 
of the HL-A antigens could be observed in 
icity test (Table 1). When stained with FT 
rabbit immunoglobulin after preincubation v 
reincubated with HL-A antisera followed — 
labelled anti-human immunoglo bulin, the g 
was aggregated into patches and caps in 
while the red fluorescence Bowed a a 
me cell scien and Was 














O Aade nor eae ced on 
antigens as determined by immunofluorese nee, 
To test the specificity of the reactions. 
B-2-m. (supplied by Dr Bengt G. Johansson. 1 la 
to anti-B-2-m, pooled anti HL- ‘A and ALS 
per 0.2 ml antiserum) abolished | ig 
of HL-A and 8-2-m determinants 
mined by microcytotoxicity test: 
The same amount of B-2-m k 
of pooled anti-HL-A sera or S, 
Studies of lymphocyte transforma 
out by our micromethod?, Results it 
cultures (MLC) cultured for 5 d im- resori 
2-m or ALS are shown in Fig. 2. As controls weu 
purified immunoglobulin from rabbits opr 
way as the anti-B-2-m antibodies and ne na 
The results show that anti-8-2-m blocks 
(ABm), up to a dilution in normal serum 
a very* slight but definite mitogenic 
by antie8-2-m diluted 1:2 (AAm), 4 
more intense mitogenic effect up to a dilitic 
definite inhibition of the MLC reactie aS r 
strated by any dilution of the ALS. This i 
trast to the refulés with angi-@-2-nt. 
























mAntick ymphocyte ? 
| serum 
Mans -#2— microglobulin. 
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| Dilution of ALS or anti-B-2-m 
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< Effect of different dilutions of anti-8-2-m and anti 
cyte serum on mixed lymphocyte cultures, 0.15 x 106 
ing lymphocytes (from A) were mixed with 0.15 x 
omycin treated stimulating lymphocytes (from either 
'B) in the wells of flat bottomed microtitre plates. 
ngle culture consisted of 0.2 ml Medium 199 supple- 
ited with antibiotics and 20% inactivated normal (AB) 
mmiune serum (diluted in AB-serum). Twenty-four hours 
collection, 0.02 ml of 0.05 2Ci 2-14 C-thymidine was 
n physiological saline, the cultures collected on glass 
rs on day 5, and the degree of proliferation evalu- 
liquid scintillation counting. The columns indicate 
an of the triplicates, and the brackets show the 
ie first column in each pair is the autologous com- 
n (AAm) in test serum, the second is the allogeneic 

ion (ABm) in test serum. The black areas at the 
of the. columns are the autologous control combina- 
AAm) in normal serum. Note the mitogenic affect of 
~6-2-m. and ALS, and the inhibitory effect on MLC 
; exhibited by anti-8-2-m only. 





f -2m was also found to block completely the stimula- 
luced by PPD of lymphocytes from a BCG-sensitised 
ial (10 and 100 ug PPD to 0.15 x 10° lymphocytes 
ml culture medium; collection on day 4). In parallel 
ients, anti-HL-A antibodies directed against the lym- 
ss had similar inhibitory activity, while an HL-A 
1m not reactive with the lymphocyte donor and nor- 
\B serum did not affect the response. Addition of 50 
m per 0.2 ml antiserum abolished the mitogenic and 
ry activity of anti-@-2-m, but had no effect on the 
tory effect of anti-HL-A antisera or the mitogenic 
of ALS. 
has previously been shown'?*4, that antibodies with 
ity for HL-A antigens can probably inhibit antigen- 
ed lymphocyte activation, The results of our present 
ndicate that anti-B-2-m antibodies also inhibit allo- 
mphocyte stimulation and lymphocyte transformation 
duced by PPD. Thus, anti-HL-A and anti-B-2-m antibodies 
hich both induce redistribution and removal of HL-A mole- 
les in the cell membrane, inhibit lymphocyte activation 
vitro, The xenogenic anti-lymphoeyte. sera tested showed 
no activity against HL-A antigens or B-2-m, and did not 
ise detectable inhibition of lymphocyte activation. A slight 
bitory activity in the anti-lymphocyte sera could be over- 
: the mitogenic activity demonstrated by these 
here was, however, AG no inhibition at serum 








- tie ; HL-A : perati 1, Jphibition, of paler 
ration could be detected at concentrations 30 to §0 times 
an those optimal for induction of cap formation. The 
s with the two anti-lymphocyte sera presented in this 
confirm our observations!** that mixed lymphocyte 


ires are not necessaril¥ inhibited by all antibodies induc- 
: 


hibiting a lymy è, Te aii indicates 
that both the allo-antigenic subunit and the 8-2-m subunit 
of the HL-A molecule are closely associated with the T 
lymphoeyte . receptor. ‘The. HL-A molecule may either be 
part of the T cell receptor, be structurally closely associated 
with it in the cell membrane, or be functionally associated with 
lymphocyte activation at a secondary step following antigen 





binding to the T cell receptor. The convincing: homology — 


that has been demonstrated in amino acid sequence between 

8-2-m and the constant domains of IgG further suggests that 

8-2-m serves an important effector function in immunological 

reactions’, | 
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Two classes of inhibitors of peptidy! 
transferase activity in eukaryotes 


THe 12 ,13-epoxytrichothecenes (Fig. 1) form a group of 
fungal toxins with a tricyclic trichothecene ring system. (For 
review, see ref. 1). They have been shown to inhibit protein 
synthesis i in a variety of eukaryotie systems? and in particular 
they block peptidyl transferase activity as determined by 
the puromycin-fragment reaction®. More recent. studies have 
shown however, that the trichothecenes have differential 
effects on protein synthesis in whole cells*, One subgroup 
containing verrucarin A and T-2 toxin inhibited initiation 
(I-type), and the other subgroup inhibited elongation/ 
termination (E-type); trichodermin was in the latter group. 
Here I show that these two classes can also be distinguished 
in cell-free systems and suggest analogies with the mode of 
action of the lincosaminide and macrolide inhibitors of protein 
synthesis in prokatyotes. 

Jt has been observed that the effect of antibiotics on the 


reaction of puromycin with nascent peptide chains on poly- 
‘ ribosomes in vitro accurately reflects their effect on trans- i 
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Fic. 1 Structure of some 12, 13-epoxytrichothecenes. 


peptidation in vivo®. The various trichothecene inhibitors 
were tested using polyribosomes prepared from rat liver, and 
it was found that the E-type inhibitors, suqh as trichodermin, 
inhibit the puromycin reaction, whereas the I-type inhibitors 
have little or no effect (Table 1). This assay allows the 
expansion of the E-type subgroup to include crotocin ahd 












| Tanie 1 Inhibition of E aH-pept 


‘H-Peptidyl- 
pu omycin ; 
uM Jo Activity uM 
No drug 100% eh Ro 
pmol 
Trichodermin 35 50 
Trichothecin. on 0 
Trichodermol 80 AQ 
Crotocin 150 64 
Diacetoxyseirpenol 54 94 
Crotocol 190 gi 
Nivalenol 160 106 Bok 
T-2 Toxin 104 100 4. 
Verrucarin A rh 108 tA 


trichothecin, in addition to trichodermol and trichodermin. e 
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acid-precipitable material. =C- 
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control aetivity is ex! ressed as bot: 
incorporated into acic i-precipitable, 


The I-type inhibitors inhibit poly CU} -ire 
lanine incorporation on yeast ribosomes". 
chothecenes were tested in this system. 
behaved like other oe inhibite ors as it j 


puromycin emanon even pi rel 
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also seem to inhibit initiation in “pivot. f 
has revealed other similarities between the tr 
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polyphenylalanine synthesis*®, 
The macrolide antibiotic erythromycin does ni 
fragment reaction although it inhibits the b 
comycin, an antibiotic which blocks the frag 
on bacterial ribosomes?!. In addition, erythrom 
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rr a aisles result with za t 
trichodermin does not inhibit poly (U)-cire 
incorporation to a large extent, its pres : 
duces the inhibition produced by J ype. 
ribosomes (Fig. Za). This suggests "that 
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ainen , No inhibition; 0, not ois. 


tie. ribosome. ‘and preventing the binding of the other 
‘This may indicate partially overlapping binding 
e ribosome, | although other possibilities cannot be 
uch as the binding at one site producing a con- 
val change at another site. But the similarity in 
‘between trichodermin and HT-2 toxin, for example, 
uuggests a common site of binding. 

onverse: experiment was carried out using varying 
verrucarin. A and trichodermin in a puromycin re- 
rat liver polyribosomes (Fig. 2b). The highest 
ration of verrucarin A (40 um) did not antagonise 
on by trichodermin, whereas the same concentration 
ucarin A inhibits poly (N)-direeted polyphenylalanine 
tion by 90%. This could be taken as evidence for 
sites which . are not ou exclusive, ‘but this 























y a sites. T ins i eae ‘why 
prevent either initiation or steps shortly 
t f protein synthesis and not elongation, 
permitting run-off of polysomes. A similar explana- 

s been used to explain. why the lincosaminides do. not 
i elongation of peptide chains on bacterial poly- 
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.2 a, Antagonism by trichodermin of the inhibition of 
7 y U-directed phenylalanine incorporation by I-type in- 
tors, 14C-phenylalanine incorporation was measured as 
ribed previously®. Activity is expressed as total pmol 
“MC.-phenylalanine iavoroorated! into: alkali-stable, acid- 
recipitable material in 30 min. Similar results were ob- 
ained using nivalenol (8 «M) and T-2 toxin (2 «M). A, 
‘errucarin A (2.0 4M); A, HT-2 toxin (24 uM); @, control. 
‘b, Lack of antagonism by verrucarin A of the inhibition of 
H-peptidyl-puromycin formation of trichodermin. n 
'eptidy l-puromycin wasęmeasured as described in Table 1 
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Fic. 3 Competitive inhibition - of  3H-peptidyl-puromycin 
synthesis by- trichodermin. Assays were performed as - 
scribed previously but. incubations were carried out “for 1 
min to provide initial rates. @, Trichodermin- (68. aM); 
O, trichodermin dt aM); A, no trichodermin. sie 





— does iene observations), one. ‘can probably. F i e out 
the involvement ‘of. any factor(s) - present on unwashed 
ribosomes which may prevent the binding of verrucarin A. 

Further evidence for overlapping sites comes from the fact 
that a trichodérmin resistant strain of S. cerevisiae® is also 
resistant to T-2 toxin (100 wg mi) and anisomyein (20 
pg mb). Similarly, bacterial mutants resistant to 
erythromycin are known to be resistant to lincomycin, 
spiramycin, and the streptogramin B antibiotics‘. 

The nature of the inhibition of the puromycin reaction on 
rat liver polyribosomes by trichothecenes is of some interest. 
When plotted on a double reciprocal plot, trichodermin 
seems to be competitive inhibitor of the puromycin reaction. 
The Km for puromycin was 13 x 10° M which compares to 
& x 10% M previously reported by Pestka!®. Carbomycin, 
tylosin, spiramyein, and lincomycin, all I-type macrolides, 
inhibit binding of CACCA- Phe to prokaryotic. ribosomes?®, 

a model reaction for the interaction of the acceptor aminocyl- 
tRNA to the peptidyl transferase. centre. Trichodermin, 
trichodermol, and anisomycin inhibit binding. of both CACCA- 
LeuAc and UACCA-Leu to ribosomes, presumably by pre- 
venting access of. these aminoacyl-tRNA fragments to the _ 
donor and acceptor sites of the peptidyl transferase centre’. 
But inhibition of this binding was found. » be less than 
inhibition of the puromycin. ‘fragment. reaction, which may 
be due to different experimental: conditions in he two assays. 
The competitive inhibition (elevating the Kw but not chang: a 
ing the Vmax) which I observe, indicates weake ding of o — = 
paromycin and is consistent with blockade 
e the acceptor site in the peptidyl transferase cent 

























































syn or exan ple, absence ol ethanol). 
| 7 ae that the I-type trichothecenes, arias and 
_ lincosaminides are similar in their mode of action of protein 


synthesis inhibition. The basis for the proposed analogy is sum- 


... marised in Table 2. It fails at one important point for the E- 

> type inhibitors in that the E-type macrolides, such as erythro- 

mycin, and the E-ty pe cies. differ in their effects on 

~~ the peptidyl- G and the puromy ein-fragment reac- 
tions. 





The macrolides whieh inhibit initiation in vivo have been 


subdivided into two classes based on the size of oli- 
'gophenylalanine produced in their presence in a poly(U)- 
directed system’; it would be interesting to see if the I-type 
inhibitors of the- trichothecenes. ean be classified in the same 
manner. Diacetoxyscirpenol may “þe a member of a second 
-elass of I-type inhibitors because of its anomalous effect on 
= ‘U)-directed polyphenylalanine synthesis. 
t has been postulated that, the presence of substituents 
y carbon 15. of the- trichothecene ‘ring. system may be im- 
ortant in determining whether the toxin will affect elongation 
cor imitiation’, The assignments of crotocin and trichothecin 
to the class of E-type inhibitors and HT-2 toxin to the class 
sof I-type inhibitors based. on in vitro oe further 
HT -2 sub- 
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rat igen sarcolem 


Tue existence of (Na*, 
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so , far, eas any ees oy conn 
trolyte transport through cell merit 
the ATPases. Our observations show an i 
of sarcolemma-bound ATPase when mos 
bated with insulin before measuring the e 
isolated membrane preparations. 

Wistar albino rats weighing 170-250 g were 
20-22 h. The rats were killed with a sharp 5 
and exsanguinated or decapitated when in ¢ 
other experiments the sae were anae 
butal sodium (30 nig K ae min itel 





arad The je ate ihe were exi 
cold 0.9% NaCl, blotted on filter j 
first series, the sarcolemma was 
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ATPase activity of controls (°4) 
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Fic. le Semilogarithmic plot of ATPase a 
tions in specjfic activities of the co 
with blood sugar concentration (mg 
The specific activities after imaulin — 
as 100%; in these experiments only | 
* were used. 

bad a 













E Specific activity m s.e.m. (umol 
N = No.of P; per mg protein per min) X10 
mzyme . experiments Without insulin With insulin 
<+).ATPase 15 22.2 +1.8 23.3 + 1.9 
cleotidase 6 212+0.15 1.9140.14 


ase and 5’-nucleotidase activities at 30° C as liberation of 
organic phosphate from ATP and AMP, respectively. Isolated 
scle sarcolemma was preincubated with and without 100 mU 
“! pig insulin at 37° C for 15 min. The membrane preparations 
were then homogenised in 0.01 M Tris HCI buffer, pH 8.0. For 
the ATPase assay 500 ul of the membranes was mixed with 650 
ul Tris. HCI buffer, final pH 7.6, containing NaCl, KCl, and 
_ MgS0O,, giving a final concentration of 30, 5, and 0.5 mmol I, 
respectively, after substrate addition. The reaction was started 
iding 500 gl 5.mmol 1+ ATP and stopped after 2 min by 
mof 0.5 mLice-cold 15% trichloroacetic acid. For the assay of 
tidase, 400 ul membrane homogenate and 600 ul Tris 
yuffer, pH 8.0, with MgCl and AMP to a final concentration 
H i, 0.2 mmol 1, and 2 mmol I-', respectively. The 
was stopped after 10 min. Reaction vessels were centri- 
the supernatant analysed for phosphate”. The precipitate 
lised in 5 ml 3% deoxycholic acid sodium salt, warmed 
for 5 min and protein content estimated® using a bovine 
bumin as standard. Every enzyme sample was run in 




































. The homogenates were used to assay (Na*, K*)- 
d. ATPase and 5’-nucleotidase, as liberation of inm- 
phosphate® per mg protein? per min. 
the third series, non-fasted rats were rendered diabetic 
intravenous injection of 55 mg alloxan in a 5% aqueous 
lution per kg body weight. The severity of diabetes was 
ssed by measuring the blood glucose" 48-72 h after treat- 
. Blood sugar was sampled at the time the animals 
killed. Those having a plasma glucose concentration 
ing 450 mg % were used in the experiments. 
ipts at direct stimulation of the membrane ATPases 
nsulin did not succeed (Table 1), contrary to the 
ts of Hadden et al.* Varying the incubation time, tem- 
ature, ionic environment, insulin concentration, and pre- 
vation with adrenaline did not alter this. The sample 
examined was compared with a control from the same 
al. When muscle cells were preincubated with insulin, 
Pase activity was stimulated in the muscle sarcolemma, 
the specific activity of the 5’-nucleotidase was unaffected 
ible 2). | 
hough all rats in each series received the same treat- 
, we obtained great variations in percentage stimulation 
TPase activities. The hormone-stimulated values were 
- consistent, but the controls showed great deviations 
le 2). This might indicate that ATPase activity is 
erned by circulating insulin concentration. If the animals 
tressed during handling, there is an increase in blood 
followed by an insulin response!® which, in turn, stimu- 
TPase activity. In an attempt to relax the animals, 
ie Series of experiments was carried out with the animals 
_ anaesthetised with Nembutal. Blood glucose concentration 




























Tanie 2 Effect of insulin on sarcolemma ATPase and 5'-n 
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taneously. The enzyme activities were measured as in Table 1. 
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No. of experiments 


ATPase and 5'-nucleotidase activities assayed at 30° @ as liberation of inorganic phosphate from ATP. Except for the alloxan diabetic 
8, the animals were fasted for 20-22 h. Small masele pieces were incubated in cylindrica vessels (1.6 X 10 em) containing 2.5 ml Tyrode _ 
“solution (8.0 g NaCl, 0.2 g KCI, 1.0 g CaCh, 0.05 g MgCla, 0.05 g NaH:PO,, 1.0 g NaHCO, and 2.0 g glucose diluted to 11), flushed with — 
OxrCOs = 95% :5%,. Tissue mass per tube was 1.5 g. After temperature equilibrium, 10 ul insulin (1.2 mg mi~) was added to the incuba- — 

“tion medium. Samples and controls were incubated at 37° C for 15 min. Phe controls and samples were treated equally and isolated simul- 
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The results obtained with musele tissue from alloxan dija- 
betie rats (Table 2) after in vitro insulin treatment show 
great variation in the stimulation of the ATPase activity, 
ranging from more than 100% to 0%. When hormone stimu- 
lation fails, the specific activity of the control samples is 
found at the same upper level as those which respond to 
insulin stimulation. Alloxan in a diabetogenic dose shows a 
triphasic response, with high insulin secretion in the last 
phase’*. Time dependence for reaching nullity of circulating 
insulin is subjected to great individual variations™®. Disre- 
garding the irregular data, these results support our hypoth- 
esis. 

Different types of ATPase activities are recognised within 
cell membranes. Whether they represent partial activities of 
the same enzyme system or entirely different enzymes, is 
still a matter of dispute. The (Na*, K*)-activated ATPase 
has an active site for K* outside and an active site for Nat 
inside the cell membrane, and the two ions compete with 
each other on both sites*.14, 

Omitting K* in the enzyme assay resulted in a residual — 
activity of about 8% of controls'®, This was taken as the 
criterion for the assumption that the membrane-bound 
ATPase in question is the (Na‘, K*)-activated ATPase. Dialy- 
sis of sarcolemma preparations against 0.01 M Tris HCl 
buffer, pH 8.0, resulted in a further loss of activities when 
K* was omitted (unpublished data). Omitting both mono- 
valent cations from the enzyme assay resulted in an ATPase 
activity of 60-70% of that. obtained under complete assay 
conditions, consistent with previous findings*’*, We have 
chosen not to subtract any of these residual or partial ac- 
tivities, because we were able to detect an insulin effect on 
the ATPase in conditions we consider more ‘physiological’, 

Our results were obtained with rather high insulin concen- 
trations. The data from a few experiments with physiological 
hormone concentrations did not show any significant en- 
hancement of the ATPase activity (unpublished data). We 
interpreted this as a built-in shortage of the in vitro system; 
instead of vascular transport of insulin to the muscle cells, 
it is distributed within the muscle mass by means of a 
concentration gradient. When muscle pieces are mechanically 
divided longitudinally, a leakage of insulin-degrading enzymes 
from broken cells might occur, which would destroy fractions 
of the hormone, the degradation being more pronounced, the 
lower the hormone concentration®?.18, In addition, insulin 
might adsorb to glassware. Different species of insulin might 
also influence the response. 





ucleotidase activities after in vitro incubation of muscle cells with insulin 


ov 





i Specific activity + ae PA 
(umol P; per mg protein per min) X1 

Without insulin <+ With insulin 
28.7 +29 33.5 +3.2 
21.2 + 1.5 29.2 +40.6 
3.8 28.0 + 0.6 
1.99 + 0.16 















» conclude | that din stm 
ivity ‘finder physiological conditions, as sh 






3 ATPase wer 


e „indirectly by the variation of the controls as a function of 


blood sugar concentrations (Fig. 1), and from the fact that 
the highest control values are not further increased by 
-incubation with high insulin concentrations in vitro. 
Although this technique is adequate to demonstrate an 
$nsulin effect on membrane-bound ATPase activity, a better 
system must be developed in order to gain an insight into 
the mechanism of action. 
The effect of insulin on stimulation of Na* and K* transport 
through muscle cell membranes is long established?®2° but 
‘no attempts to link this effect to an insulin stimulation of 
the (Na‘, K*)-activated ATPase have succeeded?-??_ There 
might be different reasons for this: the enzyme activity has 
been assayed with crude cell homogenates in which the 
insulin effect is masked by gross action of unspecific phos- 
tases (unpublished results) ; isolated membrane prepara- 
were exposed to the hormone before the enzyme was 
ed without any effects, in agreement with our results, 
controls might have been stimulated by insulin release after 
stress when the animals were killed. 
© Without any transport data, our experiments led to three 
conclusions, First, the (Na, K*)-activated ATPase from 
jsolated muscle membranes į ig not stimulated directly by in- 
econd, incubation of the muscle tissue with insulin 
ation of the membranes resulted in an increased 
“activity and, third, there seems to be a correlation 
“between blood sugar concentration and the tendency to stim- 
‘ulate ATPase activity in vitro by insulin. 
We thank Miss Tove Andreassen for technical assistance, 
and NOVO Laboratorium, Copenhagen for the gift of mono- 
component pig insulin, 
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autoimmunity in NZB mice 


THE spontaneous autoimmune disease of NAB 
acterised by the development of a variety a au 
particularly those reacting with autologous 
demonstrated by a positive direct Coombs 
of autoantibody production coincides with 
plasia and is followed by splenomegaly ar 
nephritist. All the tissues contam marine de 
particles {type C) visible on eleetron te jeri 
antigen is detectable immunologically”, * 
transmitted, yet antipara tae 
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disease to other strains with a cell-free 4 
with whole cells*™ unless sufficient immer 
also used to convert. the recipient into an ef 
A depression of cell-mediated immunity to 
antigens has been demonstrated in these n 
manifestation of the autoimmune phe nomena? 
proportion of @-positive cells in the spiest 
remain essentially undiminished?®*, alrher 
does desenbe a progressive decrease 
we ee Meee evicenes brie sugges 








naed amur lymphocytes í from ‘dises A 
mice were cytotoxic in vitro to s 
foetal fibroblasts. Cells from young: - NZ BO 
show this reactivity, We here provide ev 
this cytotoxicity depends on the presence of Fe 
sumably thymus-derived, cells, Furthermore, vy 
to show inhibition of the eytotoxie effect of 
from the Coombs-positive, diseased N 


















NZB mi 
saath a sa ole from young, € 





ly oe Sanie on a F vob; o grad 

added. 
In these conditions, lymphocytes from NAZIV wei 

eytoxic to syngeneic or autochthonous foetal 
























TABLE I Effect of treatment of Iymphocytes wit 4 
and fresh complement before incu z iy 
fibroblast mong avers, 
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Source of Source af 


lymphocytes* Pretreatment fibroblasts 
NZB+ nil : 
NZB— nil 
NZB+ Anti-theta serum and E 
NZB Anti-theta serum and ©” 
CBA nil 
NZB + nil 
NZB — nil 
CBA® nil 





* NZB-+, Aujpimmune Coombs positive N7 
normal Coombs negative NZB mouse (see tex 
complement absorbed with agarose (see : 
t Significantly different from contra). valves 
I Control values + . 





of anti-# E ‘broblasts remaining* 
iserum Complement (-s.e.m.)f 
ie = 100 (+4:7)* 
4st. ag 145 (+4) 
“2:2 =e 96 22 
ESO + 106 9 
> E:10 F 43 5 
1d _ 31 3 
712 = 18 ot 
1:5 a 19 ot 
1:10 16 21 
sa $ 10 3 
ae ee 30 58 
sie _ 6 1 || 

























5 pressed asa % of control value obtained without addition of 


iot ytes. 
verted to a percentage. 
tificantly different from results where complement was 


cubation with medium alone. 
G ingubation. 


s is seen in Table 1. As our tissue culture system 


menon was most likely the result of cell mediated 
vity. In our previous. experiments, no significant 
was demonstrable against fibroblasts from neonatal 
BALB, /e and CBA mice’. The ratios of lymphocytes 
oblasts were varied from 1:10 to 1:2,000. The dose 











thieved with a cell number ratio of 1:200 (ref. 18). 
ng with the methodology developed by Hellstrom”, 
nts were carried out using a ratio of one fibroblast 
lymphocytes. 

ellular origin of the NZB-killer activity was assessed 
ig for the possible involvement of 6-bearing thymus 
cells. Lymphoeytes from NZB* mice were treated 
-anti-@ serum and complement as described elsewhere”? 
hare of this antiserum was _verified by its ee 








c aie to ie method of ‘Cohen ae Schlesinger. 
h serum was free of non-specific eytotoxicity and had 
ect on the potency of ‘killer’ cells from NZB* mice. 
s; from a representative experiment shown in Table 1 
e that the cells involved in the ‘self’? killing mechanisms 
the @ antigen. The result of diluting the anti-@ anti- 
a-can be seen in Table 2. It is only effective in the 
e of Han pci has previously described 


AR <3 "The effect of the addition of akori from young 
e Animals on the cytotoxic ability of cells from diseased NZB 
oo mice on their isogeneic fibroblasts. 


| No. of NZB+ No. of fibroblasts 
No. Added - cells remaining (-bs.e.m.) 
— o, 200,000 53 + 6* 
20,000 180,000 143 + 13 
40,000 - 160,000 154 + 21 
0,900 7 128 + 20t 
20,000 180; 000 68 + 6* 
40,000 160.000 109 + 7 
200,000 — eh E —« 99 & 9* 
20,000 180,000 123 Æ 19 
40,000. 160,000 — 196 + 31 
200,000 -l * 156 + 20ł 


* Significantly different from eer: values a < 0. 01). 


- f Control values 


imactivated foetal calf serum in the culture medium, 


se curve obtained, showed that near maximal killing | 


NZB fibroblasts, by N NZE” aie may not. eo inhibited Zo 
by serum from young NZB- mice?®. It seems that the mech- 


anisms which must prevent in vivo. autoreactivity in the 
clinically normal, NZB- mouse are mediated by either serum 
factors too weak to be detected in vitro or by direct cellular 
control. To try and re-establish control over the autoimmune 
response in vitro, lymphocytes | from NZB* mice were mixed 
with cells from 4-week-old mice before being added to the 
fibroblasts. Table 3 demonstrates that substitution of even 
10% of cells from NZB- mice significantly suppressed the 
autoreactivity of lymphocytes from diseased NZB mice. This 
suppression effect was also demonstrable with cells from 
both BALB/c and CBA/HI strains. In each case, the effect 
of NZB~ cells alone was taken as the control but each experi- 
ment must be considered individually as different lympho- 
cytes have a variable stimulating effect on the growth of 
the fibroblasts present. It is therefore difficult to compare 
directly the relative efficacies of different cell types in their 
capacity as suppressor cells in this system. One may argue 
that inhibition of fibroblast killing by cells from clinically 
normal mice could have been due to a dilution effect on 
the killer cells. It is also possible that NZB- cells added to 





TABLE 4 The effect of pretreating young NZB lymphocytes with 
anti-@ antiserum and complement on the inhibition of the 
autoimmune Tesponse: 


Proportion of 
young NZB cells 
in mixture* 


Proportion No. of fibroblasts 
Pretreatment of old cells remaining (-+s.e.m.) 


ee = 100% 43 + 3t 
100% as 0% 115 + 8t 
10% ~ 90% 93 +7 
10%, a. 90% 111 + 11 
20%, $ A 128 + 10 
33% sF 66% 132 + 9 
50%, eh 50%, 111411 
20708 oe 80% 49 + 4t 





* Total camer of cells (200, 000) faken : 100%, K 
t Significantly different: from control value P < 0. oor 


t Control value 
§ Killed by heating at: 56° for 30 min 





the autoreactive ee have acted as inv tar- 


gets and may T have gompeted. with target- fibroblasts 





for killer cells. | 

These suggestions seem “aitenabl for ‘the following reasons. 
First, the reduction in. tot: _ number of self reactive cells 
from 200 x 10° to. 180 x 108 or even 20 x 10° had little 
effect on reducing. fibroblast. killing!® indicating that there 












cells fi rom NZB’. = were : a the 100: Rorobiests in 






sion of Pan 3 ble a 
treatment of these. alle "with heta s serum: and comple- 
ment, As seen in Table 4, however, preincubation of young 
NZB cells with these reagents failed to abolish the in vitro 
suppressive effect. We tentatively suggest, therefore. that the 
observed suppression of self reactivity is mediated by 
6 negative bone-marrow derived B cells rather than by 
thymus-derived T cells. This is in accord with the similar 
finding of Phillips and Wegmann?’ on tetraparental mice. 
The possibility 1s not ruled out, however, that T cells with 
æ low density of the 6 surface marker may have e 
the cytotoxic action of anti-@ serum and complemer 











Suppression of cell-mediated immunity by humoral: factors 





was a gross excess of ‘killer’. cells when 200 x 10° lymphoid. 


aped pae 




















-well known in simlar experimental situations: to the 
` above. We have Ss cteated earher on experimental grounds 
1E “that blocking of immunocompetent cells by antigen-antibody 
Us complexes could account for mechanisms of self tolerance?’, 
j As discussed elsewhere, immunocompetent cells could con- 
: eeivably become: inactivated in vivo by antigen-antibody 
complexes in solution or when attached to the surface of 

_ macrophages??. Depending on the configuration of a complex 

(as determined by the relative amounts of complexed antigen 

and antibody) a matrix of closely spaced free antigenic 
determinants of identical specificity would provide the 

optimal conditions for lymphocy te inactivation. In the case 

=> of tissue fixed complexes in vive, blocking activity in serum 
Cotu. may be. minimal or totally absent and this could account 
for our failure to demonstrate such. activity in the serum 

of NZB- mice**, Furthermore, inhibition in vitro of self 

_ reactivity by the addition of small numbers of lymphocytes 
from healthy animals could be due to the release of B cell 

: derived ‘auto-antibody’ becoming complexed with a fibroblast 

© derived ‘self’ antigen. These complexes would readily inter- 

act directly with immunocompetent effector cells by blocking 

their reactivity. A key question. pertains to the mechanisms 
responsible for the breakdown of self tolerance in NZB 

- mice as well as to the nature of the relevant antigen in this 
` cA ase. Although o our work to date fails to provide information 
on tl nts, it opens a new experimental approach to 
the investigation of self tolerance and its homeostatic control. 
This work was supported by a grant from the Canadian 
Arthritis and Rheumatism Society and the Canadian Medical 
Research Council. A. S. R. is an Associate of the Canadian 
Arthritis and Rheumatism Society, 
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miraca taiar J chain i in 1 mouse 


event takes place just before, or at the te 
and involves the incorporation of J chair 
polymeric, but not monomeric igi, E 
Lunas is whether J chain rael erou 


E J akai in | polymer-secretmg À monse m 
cells. In addition, the postulation of an ints 
from IgM to IgG in B- lymphocytes! prony 
for, and find, J chain in cells which secrete Tet 
To detect intracellular J chain, mouse yn 
grown im vitro in the presence of radio 
cells were lysed either with 1% {w/v}? 
(w/v) sodium coe in . the p pres 
0.1 M iodoacetamide. ri 
40 min), a rabbit A N rea Aa e w 
bound, J chain (R.M.E.P., unpublished) was 
cell lysate, and complexes of radioactive . 
rabbit antibody were precipitated with 
IgG as previously described’, The antil 
lise were washed, ee a TA 





` y HEE hy 


et iP “eel z ae a 





amount of oy ity in 7 ests was me: 
total found in the J chain peak. 

Initial experiments were done with a ts 
cell line of MOPC 315 which produces — 
found to secrete 70% of the myeloma proteit in 
the remaining myeloma protein consisted of mon: 
higher polymers in approximately equal amounts. ¥ ul 
cell line, similar yields of radioactivity in intracellular . 
were obtained whichever of the methods outlined above y 
used for lysing the cells, 

The results of a typical experiment are presented i 
When the total radioactive cell lysate was. electrophere 
an alkaline urea gel (Fig. la) there was no discret 
J chain. oe pre of ASPA J chai 7 
















aery laride a we were erie to ig oe rate . 
MOPC 315 myeloma cell lysates, and we 4 
conclude that the reported prominent J 
contaminated by other proteins. 

To be certain that the peak of radia 
position®(Fig. 1b) is authentic, and not 
cellular proteitt with similar electrophior i 
radioactive cell lysate was reacted with a 
chain antiserum which had been previous 


a highly purified® preparation of mouse F r 
e 



















joactivity (pm) oo 


100 


Polyacrylamide gel. fraction 






































Tdenitifiedtion of J chain in cell lysates of tissue 
sadapted MOPC. 315 mouse myeloma cells. Analysis 
yacrylamide. gel electrophoresis. Myeloma cell sus- 
; at 2 x. 10" cells mb- were incubated for 2 h 
’g medium containing 0.2 mCi of L- 4,5-3H-leucine 
‘mmole-!) ml-¢*. The cells were collected by centrifuga- 
washed once with tissue culture medium and lysed 
M NaCl-0.075 M Tris-HCl, pH 8.0 containing 

| sodium deoxycholate, 0.1 M iodoacetamide and 
50 ag mi), After standing at 37° C for 10 
; cell i lysates were centrifuged at 30,000g for 40 
the su ernatants. were reserved for analysis on 
rea 6% (w/v). polyacrylamide gelst°44. Before 
tenis ‘of the total unfractionated cell lysate, the 
was dialysed against 8 mM Tris-25 mM glycine, 
adioactive J chain in the cell lysate was isolated 
‘pitation of soluble complexes formed between 
inti-mouse J chain and intracellular J chain with 
i-rabbit immunoglobulin. As a control precipitation, 
e of the rabbit anti-mouse J chain was first ab- 
ed with an excess of purified J chains!® and then 
added. to. the radioactive cell lysate for precipitation with 
_ anti-rabbit immunoglobulin. Antibody-antigen pre- 

3 were washed four times with phosphate-buffered 
rontaining 1% (w/v) Nonidet P-40, once with 8 
is-25 mM glycine, pH 87, and then dissolved in 
M uwrea-10 mM dithiothreitol by heating for 2 h at 
S C. Samples were then applied to alkaline-urea (6% 
/v)) polyacrytamide gels. The gels were sliced, dissolved 
d-counted?°, and fractions are numbered. from the nega- 


a 


tive (top) to the positive electrode. a, Total cell lysate; 
5 radioactive protein in. the cell lysate precipitated by the 
bbit anti-(mouse J chain) antiserum; ¢, radioactive pro- 


oe mouse J chain antiserum which had been previously ab- 
pee sorbed with paries mouse J chain. 


sulting antibody-antigen precipitate between rabbit IgG 
G no longer contained radioactive J 
ig cae eae eo insane the PE 





id goat anti-rabbit. I 








tein in the cell lysate precipitated with the rabbit anti- 


e with purifi 


¢-N-2 4 dinitrophenyl-lysyl-sepharose’*. The eluate was exam- 

ined for free J chain by precipitation with the specific anti- 
serum. The intracellular monomeric IgA was eluted from the 
column with 0.1 M DNP-glycine, reduced (10 mM dithio- 
threitol) and then electrophoresed in alkaline urea poly- 
acrylamide gels to determine the presence or absence of as- 
sociated J chains, Free J chain was found in the filtrate from 
the column and accounted for 1.5 x 10>% of the total radio- 
activity precipitated by 10% (w/v) trichloracetic acid; there 
was no detectable J chain associated with intracellular mye- 
loma protein, although 10° ¢.p.m. were applied to the poly- 
acrylamide gel. 

Having identified J chain in the tissue culture-adapted 
MOPC 315 myeloma cell line, we then examined a variety 
of other tumour lines using similar methodology. The results 
are summarised in Table 1. Not unexpectedly, J chain was 
detected in cells secreting polymeric IgM (MOPC 104E) and 
IgA (MOPC 315 and 5647). More interesting was the finding 
of comparable amounts of J chain within myeloma cells se- 
creting IgG, (MOPC 21 and MOPC 70E) and IgG, (Ad) 
PC5 and 5563). In all cell lysates where a positive identifi- 
cation of J chain was made, there was no characteristic peak 
on polyacrylamide gel when the rabbit antiserum was ab- 
sorbed with purified mouse J chain before the formation of 
the antibody-antigen precipitates with goat anti-rabbit im- 


‘munoglobulin. We are therefore confident of our identifica- 


tion of J chain in IgG-secreting plasma cells. Relatively less 
J chain was present in a myeloma which secretes half 
molecules (HL) of an IgA (MOPC 47A) containing heavy 
chains of shorter than normal length#*“%. No J cham could 
be detected in a tumour line which secretes only monomer 
(H.L) species of IgA (MPC1). This is further evidence that 
the peak identified on alkaline-urea poly acrylamide gels is 
authentic J chain, because if this component were a poly- 
peptide which fortuitously eross-reacted with J chain, its 
presence would be predicted in all myelomas. 

The finding of J chain in IgG-seereting myeloma. cells raises 
the question of whether J chain is restricted to cells of 
lymphoid origin. We therefore labelled a permanent. cell line 
of mouse L cells and looked for J chain, as detailed in the 





TABLE 1 Presence of J chain in a ons cells. 


J chain (% total 


Tumour Product radioactivity X 107?) 

MOPC 104E IgM, free L 3.29 

MOPC 315 eA (monomer and polymer) 2.81 

§647 A (monomer and amin 1.03 

MPC 1 i A (monomer only} Not detected 
MOPC 47A IA (HE half molecule). 0.26 

MOPC 21 IgG, 1.35. 
MOPC 70E Free L (K), traces of IgG, E -BiT 

Adj PC5 IgGos 2.45 

5563 IgG 1 : Sa L. 32 





Myeloma cell suspensions were PT from solid tumours, 
incubated for 2 h with radioactive leucine and cell lysates were 
prepared as indicated in the legend to Fig. 1. Total radioactivity in 


protein was measured by precipitation with 10% (w/v) trichloroace- 
tic acid. Samples containing 2 X 107-6 X 107 c.p.m. were reacted 
with the rabbit antimouse J chain antiserum | goat anti- 
rabbit immunoglobulin, and the precipitates: were analysed on 
alkaline—urea—p Aie honis gels as. oo ved. Bo the tomer = 
i "pa “the 














This amount is Cees as &% of gel el total i ae o, T. 


02 mCi ml), : ‘apd the nelait cell lee a a y ‘Nonid woo 
P-40, 0.1 M iodoacetamide) was filtered through a column of 








precipitable radioactivity in the cell lysate. Verification of identity = 










was obtained in all cases by electrophoresis of. precipit ade — 


ufing a s asa of rabbit anti-mouse J chain previously at 
mouse J chain (see text and legend to Pig Ak 


ae E tions are known to be present, wm t 
he tumour line!319, The presence or absenee of intracellular J 





Jhore. nowdymphoid cells l a k PN Hoven 
the tentative conclusion is that J chain is not a ubiquitous 
cellular constituent and may be confined to cells of lymphoid 
origin. 

“What is the fate of J chain synthesised by IgG-secreting 
cells? One possibility is intracellular degradation and an- 
other secretion. The latter is more easily tested. Myeloma cells 
secreting IgM (MOPC 104E), IgA (MOPC 315), IgG, 
(MOPC 21) and IgG,, (5563 and Adj PC5) were incubated 
with radioactive leucine and allowed to secrete for a period 
of 5 h. Culture supernatants containing 2 x 107 cpm, in 
trichloroacetic acid-precipitable radioactivity were tested for 
the presence of free J chain using the specifie rabbit anti- 
serum as already described. In all cases tested free J chain 
was absent. This makes it more likely that it is degraded 
following synthesis by IgG-secreting cells. This would be 
compatible with the absence of covalent and non-covalent 
interaction between intracellular immunoglobulin and J 
~ chain™°, and the fact that only at the subcellular site where 


a polymerisation takes place is J chain incorporated into poly- 
mer molecules? M, 


As polymerisation takes place just be- 
fore, or at the time of, secretion?” , it is reasonable to suggest 
l that newly synthesised J chain follows the same intracellular 
| tive of the class of immunoglobulin secreted. 
degraded in IgG-secreting cells, this probably 
; e subcellular site as polymerisation. 

ure oF the IgA-secreting tumour line MPC1 to se- 











2 crete polymeric molecules is not entirely attributable to the 


‘absence of J chain. The reason for this assertion is that se- 
ereted IgA monomers of MOPC 315 can be polymerised in 
vitro when J chain and a disulphide interchange enzyme are 
supplied?*, In identical conditions, the secreted monomeric 
IgA of MPC1 is not poly merised (R.MLE-P., and E. Della 


2 ~ Corte, unpublished). A likely explanation would be a struc- 





I alteration in the heavy chain, perhaps at the site in- 
volved i in linkage to the J chai im, The secreted HL subunits of 
MOPC 47A were also unable to form polymers in vitro when 

dis e interchange enzyme 
shed). Extensive dele- 
the heavy chain of this 














(R ME BE P, d E "Della ‘Corte, ‘ap 





oe ‘han, together with the potential for secreted immunoglobulin 
polymerised in vitro, should form the basis of a valuable 
SA for analysis of myeloma variants secreting IgA 
and IgM. 
The MOPC 70E tumour line secretes traces of IgG,, but 
| the major secretory product of the cell is light chain. In this 
g] -suppressed heavy chain synthesis, however, in- 
s kera indicating t that the 













possible to speculate tt at p E I char in mein 
ing cells represents a relic from previous commitment to IgM 
synthesis, which would also allow the same progenitor cell 
line to switch from IgG to IgA synthesis. Such a develop- 
mental succession of immunoglobulin class expression has al- 
ready been postulated?*. 
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Expression of polyoma-induced an 
in low malignant hybrids derived from 
fusion of a polyoma-induced tumour 

with a fibroblast line 


Harris et al have shown that hybrid celis 
derived from fusion of cells of polyor 
(SEWA) and an aneuploid long-established 
(of L origin), A9, had low tumorigenicity { 
have also shown? that the polyoma-induced t 
antigen (PTA) was present in low tumorigent 
SEWA/T6 T6. To investigate the te y 
malignancy and cell surface modifications, we ar 
this system, the polyoma-specific surface antige 
by immunofluorescence* concurrently with other « 
isties of these cells, such as karyotype, , transpl antabilit 
and the presence of T antigen. | 
Antigen T was demonstrated by impr unofluorescence € 
fixed cells as previously deseribed®.“, Two positis 
were used. The counts were done on 10° cells for 
pendent experiments. The parental SEWA cells : 
SEWA hybrid were both strongly positive. The p 
strain was negative (Table 2). ig 
Surface antigen was studied on living cells using the tecie. 
nique we have previously deseribed*, Five hundred e 
counted and two repeat counts performed for each exp 
ment. The antisera were produced in ASW mice mje 
with 107 PFU polyoma virus once a week for 3 
an interval of 1 week, the mice were challeng 
SEWA cells injected intraperitoneally. The 
from the tumour-free mice, 2 weeks later, wer 
immunofiiorescence using SEWA cells as the JO 
and A9 and ASW mouse kidney cells as negat 
Positive results were also obtained when these sere 
against cells of a cell line (C3H Py Broec.) th 
bd * 
> * 











o No, ae (Total 








| Genotype of host 


: inoculated) 
C3H 
C3HxA.SW F, 
ASW 4/4 
ASW l 45/61 















x 408 to 2 
humour cells adapted to growth in vitro 


rised in Table 2, show that the hybrid does carry the 
yoma-specific membrane antigen in very similar propor- 
ns about 80%) whatever the passage level. 


-Cells A9 SEWA 
P m positive cells 6- 60 + 10 
peche BSR 5 


faee iugo 0.4 


e: es LEU of four experiments done on subcultures about tenth or fortieth serial passage after the receipt of the hybrid at Marseilles. 


eriments with antiserum absorption gave results which 
t differ significantly between the parent lines and the 
s. The following technique was used in these. anti- 
t absorption experiments. The limiting dilution (1/320) 
e anti ‘S-polyoma serum was first determined using a 


EB Absorption of antiserum by ascitic SEWA and A9/ 
SEWA cells 


Hatan ameen anae 





~ Number of bella ( 107) 


Cell line used for absorption % positive cells 


0.5 80 
io 80O 
2.5.. 30 
D 5 
10 5 
0.5 8O 
mau, ‘© & he 20 
SEWA 2.5 5 
5 5 


fad 
3 









vert 1 h an 37° 








LE 4 ‘Surface histoconipat y antigens measured by 
immunofluorescenoe 
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spension, which contained many red I bl 
PBS free of Catt and Mg** by od pee al at 3008 for 5 5 min, 








second centrifugation. The same operation. was performed with 
H mice injected with spleen cells of ASW mice; sera were used 
1/30 dilution. 


progressive tumours i eine no. Pie 






XxX 108 cells were injected. subeutaneously 1 in syngeneic newborn animals 


nsformed in vitro by polyoma. virus, The E T sum- ~ 


TABLE 2 Polyoma antigens 
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Polyoma a serum: at I 1320. dilution was ‘absorbed ba con-- 
vith the cells for 1h at 37°C and overnight at 4°C. The serum cant. 
hen retested on the target, tells. ene and AEA 7 = 


val and | overnight H : F : 







\fter treatment by hypotonic shock, the cells were c8llected by — | 


gell is obvio sly decisive for its cometan to beh h 














iske (Deiat no. ania total h no. ian 
inoculated) 7 takes. ° 
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tek 8/25 : 32 
(100) 17/17 . 100 
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at 4° C, The serum was then retested with the target cells 
(SEWA cells. in aseitie form). Absorption with 5 x 107 
SEWA cells i in aseitie form ml and 2.5 x 107 A9/SEWA 
cells ml was necessary to obtain identical extinctions (Ta- 











A9 [SEWA A9 /SEWA about A9/SEWA about <A9/SEWA 
8th passage* 10th passage* 40th passage* 43rd passage* 
30 + 10 20 + 10 
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Immunogenicity 
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A.SW pretreated with Takes i in A. SWr mice 


Total N° of 
inoculated cells 20 d after challenge 
10° PFU polyoma 2/11 
A9/SEW A* 7 3 x - 108 3/22 
UV irradiated SEWA 3 xX 108 2/6 
(3,000 erg mm?) 
A9 l 3 x 108 5/5 
Control oe ~— 14/15 





t Average kesdi of nee experiment du on subcultures 
about thirtieth and sixtieth serial passage after receipt of hybr 
at Marseilles, 
Growth in 2 month old A.SW mice of SEWA in ascitic form er 
inoculation of various agents once a week for 3 week interval of 2 
week and then a challenge I/P injection of 1 X 10 SEWA cells. 







ble 3). When the cell size and the fact eels 30% of the 


cells in the ascitic form of the SEWA tumour are not tumour 
cells (for example the macrophages and endothelial cells) 
are considered, this difference cannot be regarded as signifi- 
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nee of he. antigens indicates that the viral 
xpr sed in the hihi cells. We. have: a 


















“genome rep es ea D as shown 


previously”. but does not interfere with the polyoma-specific 


antigen expression of the transformed cells. In view of the —— 
fact that only” Senan cells can be transformed by polyoma Ue 
virus, the geneti t 2 




















Fic. 1 Karotype N of hybrid. ana parental strains. 
A, SEWA; B, A19; a A9/SEWA hybrid, third passage: b, 
twenty-eighth pastages c; severtieth passage; d, 118th 


passage. 









AT ienaat cell after the covalent integration of the viral 
“genome. The role of the cellular. genome is also suggested 
“by the experiments on reversion™, showing that rearrange- 
ment of the genetic. ‘material may suppress the expression of 
transformed and/or neoplastic. properties, in spite of the 
continued | ee of =e viral ger e. The same conclusion 
is reinfo hybrid cells. Obviously the 
ists. will inhibit tumour 
presence of the virally 
igens may be neces- 
sary ! ölyoma transformed 
e witht the sppropriste ¢ renetic or epigenetic constitution, 
t will follow from this reasoning that this is not necessarily 
icient and other modifying factors may play a decisive 
e for the realisation of the virally determined neoplastic 
ential. 
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BACTERIAL lipopolysaccharides (LPS) stimu 
specifically in B (thymus-independent) 
crease immunoglobulin synthesis and secretion 
and stimulate the immune response of antil 





















body 
to various antigens in the apparent absence 
dependent) lymphocytes*:*-*, Recently a : 
sareoma, PU-5-1, has been describes 
immunoglobulin®, ‘and produ E 
globulin (R. Asofsky, unpublished). 
adapted to culture and tested for the LPS 
munoglobulin secretion, Surprisingly, gr wth 
cells was inhibited by LPS, although + 
mouse myelomas or T lymphomas. Tohib 
with an Ree Scare oe ind d 
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cells in vitro with Abelson ] 
tion). The cells grow as rot 
modified Eagle’s medium, eo} 
in Petri dishes**. LPS. GS. ty 
tories, Detroit) was dissolv 
at 10 mg mit, boiled for 
use. Cultures were innecu 
0: b, 1; ¢, 5 or, d, BO ge mit asg 
were made daily. B, PU 61 ie a 
coma from 3 germ-free BALB 
ulin. geand « determinants on iso 
R. Asofsky, N.LH., Bethesda, Marvin: 
adapted to culture. at generation ae f 
1640 medium With 10% horse serum: 
initiated at 1 x 10° cells ml“! with, 
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Myeloma Human B cell lines 
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MOPC 315 n RAJI 


” DAUDI 


Erythroleukaemia WIL2 
Mastocytoma S866 
Myeloid leukaemia UM-37 


Burkitt's 
lymphoma 
3} 


Normal 


lines were tested for growth inhibition by LPS as in Fig. 1. 
s of cell lines listed as Resistant contained more than 90% 
number of cells in control cultures when incubated 4-8 d 
00 ug mi~! LPS. P815-X2 was obtained in culture from D. 
University of California at San Diego; WEHI-22.1 from 
&, Walter and Eliza Hall Institute, Melbourne; GM-86 
stitute for Medical Research, Camden, New Jersey. The 
1ouse cell lines are listed in ref. 16. Marmoset and human 
es were obtained through the courtesy of R. Lerner”, 
linie and Research Foundation, La Jolla, California: 
ore’, Denver General Hospital, Denver; A. Bloom”, 
of Michigan, Ann Arbor; and G. Klein, Institute of 
iology, Stockholm. UM-37 was derived from a patient 
eloma. The primate lines were grown in RPMI-1640 
ontaining 10°, foetal calf serum in Petri dishes. 





_of LPS seems to be the lipid A, as shown for its 
nic!*, mitogenic®:545, and adjuvants? properties. 
-50 ag mi, LPS from Salmonella typhosa inhibited 
wth of RAW 8 cells (Fig. 1), a lymphosarcoma of a 
‘e mouse derived from im vitro infection of spleen cells 
elson leukaemia virus. Cell growth continued nor- 
for one or two doublings, and then was completely 
ed in the presence of 5 ug ml LPS. Growth of PU- 
pontaneous BALB/c B-type lymphoma? was inhibited 
*S at 5-50 pg ml> without a delay (Fig. 1). LPS from 
li (W 055:B5 and 0111:B4, Difco) gave similar results. 
d A derived from LPS by mild acid hydrolysis also in- 
ted RAW 8 and PU-5-1 cell growth at 5-20 ug ml (not 
wn). These concentrations of LPS and lipid A which are 
hibitory to the tumour cells were previously shown to be 
timally mitogenic for normal spleen B lymphocytest-®. 
ell lines which are not sensitive to LPS inhibition of 
vth are listed in Table 1, Among murine tumours these 
e. # T lymphomas, myelomas, a myeloid leukaemia, an 
throid leukaemia, and a mastocytoma. Some cell lines show 
partial inhibition of DNA synthesis 24 h after LPS addi- 
, such as the T lymphoma S49, but DNA synthesis 
sumes and overall growth does not seem to be affected. 
umber of human lymphoid cell lines with surface im- 
nuhoglobulin, considered to be B cells, and a marmoset T 
cell line are also unaffected by LPS (Table 1). A human 
myeloma linet, RPMI 8226, is partially inhibited by LPS. 
_ Experiments were performed to determine the sequence of 
during the LPS inhibition of synthesis of macro- 
iles, Figure 2 shows that 20 ug ml? LPS causes a rapid 
tion of incorporation of *H-thymidine into DNA in 
V8 cells, followed by a decrease in apparent RNA syn- 
„both approaching 30-40% of control levels by 24 h. 
-doublings occur before growth stops, one possibility 
an early event involves the LPS inhibition of ¢ransport 
eie acid precursors rather than direct inkjbition of 
A synthesis. Protein synthesis, as measurgd by the uptake 
essential amino acid, continues unaffected for more 
in 24 h before showing impairment. PU-5-1 cells also 
E i j 8 . ° | 
x ‘ 
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but BCG (at 4 x 10° viable bacteria ml ; Eh Lilly), 
poly (I)-poly(C) (100 ug mkt: P L Biochemicals) and 
poly(A)-poly(U) (100 ug ml; Miles Laboratories) did not 
inhibit growth of RAW 8 cells. Some thymus-independent 
antigens such as dextran (molecular weight 500,000, Phar- 
macia) and polyvinyl pyrrolidone (molecular weight 160,000, 
Baker; molecular weight 360,000, Sigma) are reported to be 
mitogenic specifically for B lymphocytes?°, as is LPS, but 
do not affect RAW 8 growth at 1 mg ml. Dextran and 
zymosan, like LPS, activate complement components??, which 
bind to B lymphocytes. Zymosan caused only moderate in- 
hibition of RAW 8 growth at 1 mg mi~ (Sigma, 50% of con- 
trol cell number at day 4 as in Fig. 1) and the LPS inhibi- 
tion occurred equally well in fresh or heat-inactivated foetal 
alf serum, indicating that complement is not involved. 

A variety of microbiological products and synthetic poly- 
nucleotides are under investigation for nonspecific stimula- 
tion of host immunological resistance to tumours'®, LPS and 
endotoxins are reported to have inhibitory effects on tumours 
in vtwo??, and this has been correlated with the local Schwartz- 
man reaction and haemorrhagic necrosis??, With some tu- 
mours, the endotoxin effect may be mediated by factors re- 
leased by the host rather than a direct action on the 
tumour?s, The experiments described here suggest that certain 
lymphosarcomas may be susceptible also to direet inhibition 
by LPS. In preliminary experiments, mice given RAW 8 
and PU-5-1 tumour cells, preincubated 1 h with LPS, or mice 
treated with LPS injections 2 d after innoculation, survived _ 
significantly longer than controls. LPS treatment did not in- — 
crease survival of mice with other types of tumours. | 

Not all tumours derived from B lymphocytes are inhibited 
by LPS. Mouse myelomas and human B lymphoid lines are 


50) 
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ea? eee Tene» aes i, ar 
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Fic. 2 Effect of LPS on incorporation into DNA, RNA 

and protein. Two ml cultures of A, RAW 8 or B, PU-5-1 

were innoculated with or without 20 ug ml LPS as in Fig. 

1. At the times shown, duplicate dishes were incubated 1 h 

with 1 aCi 3H-thymidine (50 Ci mmole), 1 aCi 3H-uridine 

(25 ci mmole), or 10 «Ci %H-leucine (medium contains 

0.8 mM leucine) to measure incorporation into, a, DNA; 

b, RNA or, c, protein, respectively. At the end of 1 h, the 

cells were collected and TCA-precipitable radioactivity de- 
termined. ack point is the mean of measurements from | 

duplicate cultures which agreed within 10%. Results are 


e shown as incorporation in the presence of LPS as a % of =C 


eontrol cultures, 
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resistant (Table 1). There may be some types of human 
lymphosarcomas, bewever, which resemble RAW 8 and 
PU-5-1 in LPS sensitivity, Human peripheral blood lym- 
phoeytes** and spleen cells (P.R., and I.N., unpublished) 
do not respond to the mitogenic effect of LPS. LPS is not 
mitogenic or toxic to the mouse strain C3H/HeJ (ref. 25). 
Experiments are in progress to induce Abelson leukaemia 
virus tumours in these mice to see which biological activities 
are correlated with lymphosarcoma inhibition, 

The inhibition of B lymphomas by LPS which is a mitogen 
for normal B lymphocytes is curious. A similar paradox was 
seen in the toxicity of PHA, a T lymphocyte mitogen, for 
T lymphomas but not other tumours'*?*, The stimulating 
signals from the mitogens on the already dividing tumour 
cells may result in a push to a differentiated end cell type 
incapable of further division. Further proof is needed that 
the LPS-sensitive cells described here are tumours of B 
lymphocytes rather than of a form of monocyte as LPS is 
reported to have inhibitory effects on macrophages or 
phagocytic mononuclear cells?’, 
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Complement-mediated mixed aggregation 
of murine spleen cells 


Receptors on the surface at B cells for the fixed C3 com- 
ponent of complement have previously been studied by investi- 
gating the adherence to lymphocytes of complement-coated 
immune complexes and their function interpreted in the light 
of this reaction?*". Other nucleated cells, however, notably 
macrophages, in the secondary lymphoid organs, also have 
receptors for fixed C3 (refs 3 and 4). It is therefore possible 
that alexinated complexes might mediate mixed adherence 
of different cell types which could have more significant 
functional consequences for complement receptor lympho- 
cytes than just direct binding to their C3 receptors 

In vivo and in vitro studies indicate that C3 plays a part 
in the induction of thymus-dependent humoral antibody 
formation, but not in the response of B cells either to pto- 
gens or thymus-independent antigens (refs 11, 12, 12a and 
unpublished results of M.B.P.). I have suggested on the basis 
of this evidence that C3 fixed on antigen-containing complexes 
might, as a consequence of its interaction with cell surface 
C3 receptors, enhance or facilitate T-dependent presentation 
of antigen to B cells at the macrophage surface (refs 11 and 
13 and M.B.P., unpublished). Here I confirm the feasibility 
of this model and demonstrate the complement-mediated 
mixed adherence of spleen cells which results from binding 
of fixed C3 to cell surface C3 receptors. 





Fic. 1 Complement-mediated spleen cell aggregation. A 
dissociated spleen cell suspension from a mouse which had 
received 0.2 ml of Freund's complete adjuvant by intra- 
peritqneal injection 3 weeks previously was rotated at 37°C 
for 45 min with fresh autologous serum (1/5 in CFT). The 
appearence of a typical cell clump in a fixed preparation 
obtained at ¢he end of incubation, stained with Giemsa 
stain is shown, Cells with morphology characteristic of small 
lymphocytes, macrophages and blast cells were present. 
Sii (Magnification X% 1,550). 
Ea 
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EDTA. 


antibodies or the IgG, fraction of anti-mouse C3. 


i: ‘ama mean of the number of cells in the clumps. 


ne tuber aoe ond Sean eae the «ell in E 
n test diluent (CFT) (veronal buffered physiological 
containing Ca**, Mg?’, gelatin 01 % w/v and 0.015 
ium azide). Debris and clumps were removed 
id filtration through separate 2.0 ml cotton wool 
Ins for individual organs: the resulting suspensions 
two washes in CFT at 4° C consisted exclusively of 
“ells. Each mouse was exsanguinated, the serum sepa- 
within 12 h at room temperature and kept at 4° C 
use on the same day. For the production of complement- 
jated cell chumps, ly mphoid cell suspensions (5 x 106%- 
< 10% cells ml) in CFT were rotated (20. rp.m.) in 
plastic tubes at 37° C for 45 min with autologous 
ement at a final concentration of 1:5. Control tubes 
ined either inactivated (56° C, 30 min), autologous 
plement or fresh complement containing 0.01 M EDTA. 
fter rotation, the mixture was mounted on siliconised slides 
nd the number of nucleated cell chimps, consisting of three 
r more cells, amongst 500 ‘Bree tucleated cells was couatee 









emsa stain. 
For treatment of formed- sian with EDTA, 02 M 
TA was added to a final concentration of 0.01 M and 
» Suspensions were then reincubated on the rotator for a 
her 15 min. For treatment with anti-C3 antibodies, 
plement- treated lymphoid cell preparations were first 
1 twice in CFT, then ineubated at room temperature 
100° pg mi" of either isolated sheep anti-mouse C3 anti- 
odies or the IgG, fraction of the same antiserum from 
ich all anti-C3 activity had been absorbed (M.B.P., A. J. 


























used had 170 ug mi? of protein and a titre of 1:256 for 
peglutination of 1% EAC. 
For the EE of cells with complement receptors, 










for 5 min at room temperature. Indicator cells bearing 
| murine C3 were prepared by sensitising sheep erythro- 
es. (E) with 6 MHD of IgM rabbit anti-sheep erythrocyte 
body (A) and then alexinating them by incubation (15 
37° C} of 1% EA with 1:10 fresh normal moyse com- 





Fi) a and 0.5% EAC were mixed in siliconise 


Lymphocyte suspensions were routed for 45 min at 37°C with active or inactive complement. 
Gell suspensions of spleens from normal mice, mice which had received an intraperitoneal injection of 0.1 ml of complete Freund’s 
ant during the preceding month, or of normal adult thymus cells. 

MS, Fresh autologous normal mouse serum; NMS /inact, same serum heated to 56°C for 30 min; NMS/EDTA, same serum containing 


Bell and I. F. Rowe, unpublished). The anti-C3 preparation | i 


eparations were first washed twice with CFT, centrifuging 


nent (C). The EAC were washed twice in CFT. before — 
Lymphoid cells (20 pl at approximatel 2 x “10° cells 

ya glass Rh rubes | 
vand centrifuged at 90g for 5 min at 4° C. The cell pellet was 
then gently but thoroughly _ resuspended with a Pasteur - 


< Lymphoe; te suspens iont o Complement} O Clump | ` Size of clum 
‘Normal spleen So NMS — = S 15 o 15-50 
Normal spleen ooo NMS inact = $ 2 3-5 
Normal spleen NMS/EDTA ~~ 0.2 © 3-5 
Adjuvant spleen | NMS — 16 | >50 
Adjuvant spleen NMS/inact — 3 5-15 

© Adjuvant spleen NMS/EDTA — 1 3-5 
Adjuvant spleen NMS CFT § 14 15-50 
Adjuvant spleen NMS EDTA § 0.4 3-5 
Adjuvant spleen NMS IgG: || 14 15-50 
Adjuvant spleen NMS anti-C3 || 1 3-5 
Normal thymus NMS — : 3-5 
Normal thymus NMS /inact os R; 3-5 
























F Tor EDTA to 0.01 M added to cell suspensions in complement after 45 min incubation and rotation continued for further 15 min. 
Il suspensions incubated for 45 min with complement were washed in CFT and then incubated at room temperature with either eluted 


ber of clumps of >3 cells among 500 free nucleated cells expressed as a Y. 


pipette and mounted in 0.5¢ toluidine blue on siliconised 
slides. Nucleated cells with three or more adherent red cells 
were scored as rosettes and the proportion of these among 
at least 200 nucleated cells was counted for each tube. In 
some experiments, parallel assays in which EDTA to a final 
concentration of 0.02 M was present were included. Four 
replicates of each assay were performed, and the % of 
rosette-forming cells was corrected for the number of rosettes 
formed by EA instead of EAC. 

Incubation of a suspension of normal mouse spleen cells 
with fresh autologous serum induced the formation of clumps 
of cells (Table 1). The size and number of clumps were 
greater when spleen cells were used from mice which had 
received an intraperitoneal injection of complete Freund's 
adjuvant in the preceding 2-4 weeks. If the serum was inac- 
tivated by heating at 56° C for 30 min, or if it was made to 


0.01 M EDTA, no cell clumps formed, nor did they if cell 
suspensions were incubated in the absence of serum. The — 


formation of clumps was optimal after about 45 min of 
incubation. Continued rotation at 37° C was associated with 


progressive dissolution of the aggregates; they were, however, 
‘more stable on standing at room temperature and persisted 


unchanged for up to 48 h at 4° C. The clumps consisted of 
a heterogeneous population of cells which included small 
lymphocytes, macrophages, occasional polymorphs and, when 
stimulated spleens were used, occasional blast cells (Fig. 1). 
Thymus cell suspensions did not aggregate when incubated 
with complement under the same conditions. 

Incubation of the source of complement with the C3- 
cleaving protein (CoF) of cobra venom (refs 14 and 15 and 


M.B.P., unpublished) so as to induce complete conversion of 
-C3 on antigen-antibody crossed electrophoresis rendered it 


inactive in the production of cell clumps. Confirmation of 


specifie dependence of the phenomenon on C3 was obtained 
by incubating washed chimps at room temperature with 
-specific eluted anti-mouse C3 antibodies; this resulted in 


almost complete dissolution of the aggregates (Table. 1). 
Addition of EDTA to 0.01 M to spleen cell suspensions 


-elumped by complement resulted in rapid and complete 


dissociation of clumps (Table 1), suggesting that macro- 
e (to whieh, in the mouse, the adherence of fixed C3 


Tf. pt eR Oe A edl preparations were 


washed and then rosetted with EAC in the presence of 


divalent catiðns,emimerous red cells adhered to the clumps 


apd the overall proportion of rosettes on mononuclear cells 
was diminished by comparison with the initial spleen cell 
-suspension untreated with complement (Table 1). When tha 





































on complement rosettes 


E Treatment of 


: o Complement rosettest Clumpst 

spleen cells* | CFT EDTA © CFT EDTA 
l Nil 36.3 + 5.5 20.7 + 2.1 — — 
-NMS 23.7 + 3.5 12.743.1 $ y 
NMS then EDTA 23.7 +32.5 12.3 2.1 En a 
aiai 45. 0 +44 23.0 42.6 — a“ 





* Spleen cell suspensions were. rotated ie 37 °C for 45 min with 
CFT. autologous fresh serum or heat inactivated autologous fresh 
serum, before washing in CFT. Some cells incubated with comple- 
ment were also washed with EDTA. 

-t Mean + sd. of four replicates of cells rosetting with EAC in the 
| presence or absence of Mg**. 
-> The presence or absence of appreciable clumping of spleen 
calls When clumps were present many indicator cells adhered to 
them. 


clumped preparations 1 were rosetted in the presence of 0.01 
M EDTA the clumps dissociated, but there was an even 
greater reduction in the proportion of rosettes formed. The 
numbers of rosettes formed by clumped preparations which 
had been dissociated by EDTA, before rosetting in the 
presence and absence of divalent cations, showed a similar 
degree of reduction in comparison with the values obtained 
with the starting preparation. In contrast, treatment of 
-spleen cells with inactivated mouse serum had no effect on 
the subsequent capacity of the cells to form rosettes with 
EAC (Table 2). These results suggest first, that after incuba- 
tion of spleen cells with complement, cells with C3 receptors 
are included in the clumps; second, that as most of the 
rosettes which do form among the complement-treated cells 
are inhibitable by EDTA, and are therefore presumably on 

macrophages, the lymphocyte C3 receptors are apparently 
i sd’ following incubation with complement and do not 
bind. FAC, 

x Spontaneous dorait of the complement-mediated 
clumps in the continued presence of the complement source 
at 37° C may have resulted, at least in part, from alternative 
pathway-mediated dissociation of fixed C3 from B cells, 
This is probably due to- generation of fluid-phase C3 frag- 
“ments which have been shown in both a homologous human 
system (ref. 11 and M.B.P., and A. E. Butterworth, unpub- 
lished) and a mixed mouse-guinea pig system'® to compete 
_ with fixed C3 for the C3 receptors. The fact that C3- 





- dependent mixed cell adherence described here does reverse 





- gspontanously provides further support for the model which 
E has been proposed for a possible role of this process in cell 

cooperation (ref, 11 and M.B.P., unpublished). 
'omplement-mediated C3-dependent aggregat ion of the 
different cell types in spleen cell suspensions which bear 
receptors for fixed C3 is of interest for several reasons. First, 
it illustrates the feasibility of an in vivo role for C3 in medi- 
-cating the approximation of different. cell types, particularly 
B-cells and maerophages, which may be relevant to the 
mechanisms of cell. cooperation in the induction of antibody 
production. Second, it provides evidence for the existence 
in normal spleens, ‘and possibly to a greater extent in the 
spleens of mice stimulated by antigen, of a cell-associated 
mechanisms or mechanisms capable of fixing C3. 
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Role of heterochromatin in the co 
of cel cyce durations 


have less am DN A ps pena vial : et 
is a positive correlation between DNA content api noid 
duration of the mitotie cell eyelet, Pee | sug 

low DNA content and short cycles might 
mining the generation time of short- ived 3 Į 
sumptions AD fit the r eae ae t 








decreased aae rea 
Although the progression from DNA-r 
P to AS advanced an cane could 


farnily ‘whigh ae sign if ica 
of the same genera®. In s Of this, 
develop much more ene than the pere nnials 
a factor unconnected with nuclear DNA conten 
expected to play a role in the control of cell eyele and - 
tion times in those species. , 

I have studied the relationship bet tween nuel 












with a higher DNA Ca a 
a lower DNA content than ihe. armen perë 
evidence that the amount of heterochromatin p ? 
related to the reduction of cell eyele times ih annual pl 
with large DNA contents. 

Seedlings were grown in controlled environ ment 
at 22° C and 15 h light; root tips were fixed 1 : 
acid (3:1) and Feulgen-stamed for DNA m 






eytophotometry. The roots were immersed in a 
of 10 Ci mil? 6-"H-thymidine specific aetivty 
mmol). at 22° C for 1 h and fixed every. 


2 d. Labelled metaphases were counted af t 
time of 3 d. 
The duration of the mitotic cell eyele can be esti 
for every speotes, for which the DNA te 
+ 
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Pes ee “DNA 
i ‘Habit — 3 döm; g per 2C aa 


18 TERE Bail. 


Perennial 12.42 

të (Desf. ) Pers. Annual 10.48 
43 Lois. Annual — 16.92 
a tinctoria L Perennial 7.46 
Annual 15.78 

aca Jacq. Annual 9.63 
sia absinthium L. Perennial 7.28 


Annual 4 05 













especially i in some annuals. 


‘there is a linear relationship between these two 
ers?. In some of the species studied, however, the 
d: eyele duration differed significantly from the ex- 
lue (Table 1). In all annuals tested the cell evele 
s shorter than in the related perennials, in spite of 
eater DNA content in three of the annual species. 
hree species have a proportionately greater amount 
| as heteropbromatin than their perennial relatives, 












i ono of bietedochrowiatin without fepathen. 
re cell cycle The vee may. even. become shorter. 


























| erefore, ‘represent. a zoriecting factar in ihe. con- 
' the duration of the cell cycle, in addition to the 
r DNA content (the basie determinant). Hetero- 
in is rich in repetitive DNA?” and replicates faster 
chromatin’®. Thus annual species can become able 
and develop rapidly, either by decreasing the nu- 
DNA content or by increasing the DNA. content 
‘ain increase in the percentage of- heterochromatin. 


ups, is possibly always. accompanied by a propor- 
y greater imcrease in repetitive sequences. Fox! 
orted, for example, that the heterochromatic portion of 
genome in several beetles increased faster than did 
euchromatic portion; increasing - amounts of- repetitive 
-were also found to be correlated with increasing. DNA 
nt in conifers!?, In Vicia, differences between Species- 
- DNA contents were reported to be caused by dif- 
umbers of rRNA genes, which appear in the form 
rochromatic chromosome segments'®, Thus, the 
of heterochromatin is evidently an important ante: 
rmining both nuclear DNA content and growth rate 
ters. Details will be published in a forthcoming 


ank Professor Friedrich Ehrendorfer for suggestions. 
5 W. Nac 
nS itute of Botany, 
University of Vienna, 
Rennweg 14, Vienna 1030 


Received November 23, 1973: revised January 20, 1974. 
sent address: Department of Biology, University of Piers 
Federal Republie. 


Bennett, M. D., Proe. R. Soe., B181, 109 (1972). 

Evans, G. M., Rees, H., Snell, C. L., and Sun, 8. Chromosomes 

si oday, 3, 24 (1972). 

Rees, H., and Jones, R. N., Int. Rev. Cytol, 32, 53, (1972). 

Bachmann, K. and ‘Rheinsmith, E. L., Chromosoma, 43, 225 

(1973 

El-Lakany, M. H., and va J. R., Evolution, 26 26, 427 (1972). 

rae, a and Hazarika, M. „ Chromosomes Today, 2, 158 
1 . 





DN A content was measured in Paniben arated nuclei by tha two-wavelength ORE of eyto 
sed for the conversion into absolute values, The percentage of DNA within the heterochromatic portion of the genome was calculated 
from measurements, after the extinction values for euchromatin had been set to zero, The expecte A 

1¢ diagram given by Evans et al.2. The actual duration was established 
king negative differences between the expected and the actual cycle times can be seen in species with high amounts of heterochromatin- 


ase in DNA, when found in specialised and: progres- i 


lautern Pfaffenbergstrasse 95, Dette Haiserslautern, Ger- 














1.62 En 3 15.9 
8.55 13.0 11.0 
6.84 16.2 13.6 
2.43 12.3 12.3 

34.11 13.0 7.0 
45.45 11.5 9.5 
14.13 10.5 T.T 





tophotometry“: Allium cepa nuclei have been 


cell cycle times were calculated from 
after pulse labelling, by the method of labelled mitoses curves'®, 


7 Nagi, = and Ehrendorfer, F., Oesterr. Bot. Z., 121, 165 
1973). 

s Nagl, W., and Ehrendorfer, F. Plant Syst. Evol, 123 (in 
the presa). 


"Yunis, J. J., and Yasmineh, W. G., Science, 174, 1200 (1971). 

10 Bostock, C. J., Prescott, D. M., and Hatch, F, T. Expl Cell 
Res., Tå, 487 (1972). 

11 Fox, D, P. , Chromosomes Today, 3, 32 (1972). 

12 Miksche, J. P., and Hotta, Y., Chromosoma, 41, 29 (1973). 


13 eee i P. ‘and Fox, D. P, Nature new Biol., 245, 171 
— (1973 

14 Patan, K., Cromosoma, 5, 341 (1952). 

15-Van’t Hof, J., Expl Cell Res., 39, 48 (1965). 

186 Wimber, D.E. , Am. J. Bot., 47, 828 (1960). 





Mode of action of soybean trypsin 
inhibitor (Kunitz) as a model for specific 
protein-protein interactions 


THE protein trypsin inhibitors are proteins which bind very 
strongly to trypsin, blocking its active site (K, 10 to 
107+ M). We have carried out a erystal structure analysis 
of the complex of soybean trypsin inhibitor (Kunitz) (STT), 
one of the largest inhibitors, with porcine trypsin. Huber and 
his colleagues have determined the structure of a complex 
of a small inhibitor, bovine pancreatic trypsin inhibitor 
(Kunitz) (PTI), with bovine trypsin'. These studies improve 
our understanding of the catalytic mechanism of trypsin, 
demonstrate that various trypsin inhibitors act in a similar 
way and provide insight into the development of strong, 
specifie binding between protein molecules. 

From preliminary results on the crystal structure of 
isolated PTI’, using available knowledge about ehymo- 
trypsin? and trypsin’, it was possible to predict a unique 
mode of binding in which the inhibitor is oriented similarly 
to a true trypsin substratet5, This prediction was confirmed. 
by the crystal strueture analysis of the complex of PTI with 
trypsin‘. 

Native PTI is not detectably modified by trypsin, but 
cleavage of a specific peptide bond of STI (Arg 63-Tle 64’) 
is catalysed by trypsin. An equilibrium | between STI and 
a modified form, in which this bond is hydrolysed, has been 
demonstrated®. This provides strong evidence that binding 
of STI to the catalytic site of trypsin mimics the productive 
mode of substrate binding. 

The STI: porcine trypsin complex was crystallised and the 
first isomorphous derivative was discovered by H. T. Wright 
in this laboratory. The structure analysis has been taken to 


eee 
waana 


® resolution of 2.6 A. The STI molecule, omitting certain = = 
whinterpretable regions, is shown in Fig. 1. Asin the case o 0 0 





e of PTI, we observe that only a very small part of the > molecule | 7 














o Fre. 1 IE ER ion of the polypeptide chain of soybean 
_ trypsin inhibitor as determined from the crystal structure 
of the complex with trypsin, and the amino acid sequence’. 
- Residues 107’ ~115’, 123-129, 177-181 could not be located 
in the electron density map; as a consequence, the identi- 
fication of residues 116-122” is tentative. The two disulphide 


1s involved in the contdet region. If thë: inhibition of trypsin 
is the function of these molecules, most of the protein does 
‘than stabilise the structure. 

complex a disulphide bridge adjacent to the 
a rea ‘effectively excludes access of water to the bond 
(Lys 1 5’-Arg 16’) which lies at the active site of trypsin’. 
In the STI complex water is also excluded from the catalytic 
site, mainly by the chain (11’-14’), but this is held in place 
only by a few hydrogen bonds and van der Waals’ contacts. 
The looser attachment may account for the measurable rate 
of hydrolysis of the STI complex of trypsin. 

Both PTI and S `I have a positively charged amino acid 
at P, to oceupy the primary specificity pocket of the enzyme 
- (Arg 63’ in STI). The main chain NH of this amino acid is 

hydrogen-bonded to CO(214), as. found in a chymotrypsin: 
substrate complex*. Interactions of adjacent residues in both 
the STI and PTI complexes (Fig. 2) agree with the in- 
teractions proposed for polypeptide substrates of chymo- 
trypsin’? ; (a) from a study of models Segal et al? pointed 
out that a bulky group at P, ean interact hydrophobically 
with Ile 99. This is observed in both PTI and in STI, where 
P, is Tyr 62’. (b) At P, which is Ser 61’ in STI, the NH group 
is hydrogen bonded to CO(216). in- both complexes. Segal 
et al? found a similar interaction for substrate analogues of 
y-chymotrypsin. A second hydrog en bond which they found, 
| involving NH(216), cannot occur in trypsin because it is 
7 ly oriented, as a consequence of the deletion of 
S (ref. 13}. de) Tn both rot sage a residue 1 in Py 










































he of eave by 
ras no evidence of enhanced binding 


at Py could not occur: in we Michaelis gine with : a ie 
peptide substrate, because of unfavourable interactions of 
the substrate with the enzyme’s 
11). Similarly when the peptide bond P-P; is hydrolysed, 
the residue at Py is forced away from P, by about 1 A and 
the favourable interactions are again disrupted. In an inter- 
mediate state, when the carbonyl group of the scissile bond 
is bonded to both Ser-195 and its amide nitrogen, the sub- 
gt ate. could make its best fit to the surface of the enzyme. 
“This explained how the energy of this interaction could 
“strain. the enzyme:substrate complex toward the transition 
state, reducing the activation energy of acylation, rather than 
improving the binding constant??. 


In eure to the primary binding at P,, all three interac- 
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exists: o tion entends, ; 


s active serine, Ser-195 (ref. 

















bridges are indicated. Residues wh i 3 aake. 
trypain are blackened : the arrow indicate 


[Note added in proof. More accurate 
residues 13’, 60’, 71’, 72° also make a few c 








tions (a)~(¢) are observed in both inhib: 
therefore both exhibit the mode o 
as the productive mode for trypsin 
of the interactions at PeP wP; 










at Ps. In each case 
Tyr-151 el f or 


Fia. 2 Residues 6r-65 of saybonn trypsin i 
ond ink 









the mteractions which they make are r 
The carbonyl carbon of the scisle pe 
shown tetrahedrally coordinated: 
and Leu-99 which lie in front of / is 
distal part of TE have been omitted ne g 
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_ Dihedral 
: angles* 
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i don not haven arginine at EPZ. 
net alt were obliged to interpret the electron 
he active site of the PT! orcas in | the form 



















Ce we. give the Sete observed in STI between 
re 63’), C? (Ser 195) and C” (Ile 64’), together with 
stances expected on stereochemical grounds for the 
possible intermediate forms. The Michaelis and acy] 
both cause impossible crowding at the active site. We 
lat this provides conclusive evidence that the STI 
x is also in the tetrahedral form. 
etural data have indicated two aspects of the inter- 

between trypsin-like. enzymes and their substrates 
may favour the tetrahedral intermediate. One of these 
e binding of the leaving group at P; and has been 
‘above. The other concerns: hydrogen bonds from 

ps of Gly-193 and Ser-195 to the carbonyl group 
issile bond, which are better oriented when the 
carbon becomes tetrahedral! and will be strength- 
ny négative charge which exists on the oxygen. In 
hedral intermediate the buried negative charge, which 
thought of as originating from COO- (Asp-102), is 
ally delocalised across His-57 and. the tetrahedral ester 
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tetrahedral intermediate is close to the transition state 


Sistaniées. at the active "N pean with expected 
nees for different intermediate. forms of the complex 
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of the reaction’?8_ The essential requirement for a catalyst 
is to stabilise the transition state’? and an effective enzyme 
must provide a means of doing this?°. The two trypsin in- 
hibitors do this so effectively that the tetrahedral inter- 
mediate constitutes a minimum of free energy in the reaction 
pathway, and at least in crystals it becomes the most abun- 
dant state. Formation of a covalent bond between the enzyme 
and the inhibitor does not in itself explain the strong binding, 
as is shown by the high affinity of PTI, STI and other 
inhibitors for anhydrotrypsin, in which the oxy gen of Ser-195 

has been removed*?.22, In anhydrotrypsin the overcrowding at 


the active site is relieved, and the intact inhibitor can bind 


favourably to the active site. Calorimetric measurements 
show that the binding of STI to trypsin is endothermic?%, 
reflecting the relatively high enthalpy of the tetrahedral form, 
but a large entropy term stabilises the complex. ` 

The entropy of association between protein molecules de- 
rives largely from the shells of immobilised, or partly ordered, 
water molecules which surround the two separate molecules. 
These are reduced in volume on association?*+. An external 
polar group is normally hydrogen-bonded to a water molecule, 
which becomes immobilised. On association, provided that 
such hydrogen bonds are exchanged for an intermolecular 
hydrogen bond, there is little change of enthalpy; but the 
release of immobilised water molecules may be an important 
contribution to the entropy of association. 

There is an important difference between the association 
of an enzyme with a folded protein molecule which makes a 
perfect fit, and the binding of a loosely coiled molecule. When 

a small polypeptide substrate binds to the enzyme, its loss 
of internal degrees of freedom reduces the free energy of 
binding, Binding of a correctly folded protein molecule may 
be achieved. without change of internal freedom. These en- 
tropic factors, even over the small interaction areas observed 
in PTI and STI, are evidently sufficient to yield the high 
association constants which are observed. 

Enzyme-substrate interactions have evolved to lower the 
activation energy of a chemical reaction step. These studies 
show in detail how the energetics of these interactions may 





provide the driving force for very strong binding, with a 


highly specific ‘reesgnition system. To evolve a receptor, 
whigh | recognises a specific effector and signals its presence 
to æ linked biochemical system, one would require in addi- 

tion that substrate binding triggered a structural change. | 
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2 ich as eres to eee an nd uterine ae 
reactivity to vasoconstrictor hormones and adrenergic nerve 
stimulation has decreased®:*. For example, angiotensin H 
increases blood flow to the gravid uterus®*+, an uncommon 
response to this agent which is the most potent vasocon- 
strictor hormone’, Prostaglandins of the E series (PGE) 
have been reported to maintain some regional blood flows®? 
and to modulate the vasoconstrictor activity’ of angiotensin 

II and noradrenaline*®. In view of the findings that the 
uterus synthesises prostaglandins'®!, we have investigated 
= the possible participation of locally synthesised prosta- 





cutaneously) and chloralose (100 mg kg, 





activity ol the gravid uterus. E 
Mongrel dogs in late pregnancy weighing 20-30 k 
‘anaesthetised with morphine sulphate (2 mg & 





The trachea was cannulated and the lungs were ` 
mechanically. The abdominal cavity was opened >) 
line incision. A short segment of the main ut 
of one horn was isolated from the surrounding t 
flow to this horn was measured by an elect 
meter. In three ee we ` measured E 


via a catheter inserted into a brachial a 
(Hewlett-Packard) was used to recor 
The assay of PGE-like material (‘PC 
has been reported!? requires chromatographing 
extracts of the blood on thin-layer ‘plates, 
eluates from the PGE zones of the plates were th 
in vitro by bracket wag bed the enn of 4 


rectum: are acer ee in series with ‘Koel s soluti 
of blood (50 esi were OA frome: a + canmila 


inserted into the neht eae vein, i ludon 
ministered intravenously in 10% alcohol m Kre 
at doses which decreased UBF by more than 
dose of indomethacin proved highly variable 
kg?) in contrast to the dose required to 
reductions in renal blood flow i in male do 
for paired data and Wilcoxon’s signed rat 
to determine statistical significance. g 
The mean basal concentration of ‘PC 
blood in nine experiments was 0.39 : 
0.92) ng ml. In eight of these experi 
increased UBF from a mean control ol 
(P < 0.05), and MABP from a. mean 
118 mm Hg (P < 0.01) (Table 1). 4 
in uterine venous blood, measured at the firme i 
increase in UBF produced by angiotensin IT i 
creased in every instance; the mean concentrati 
increased about two-fold, that is from 026 to 05 
(P < 0.05). Arterial levels of ‘PG rE’ measured ir 
ment were one-twentieth those in ‘ute i] 
six experiments, within 30 min of 
domethacin, MABP increased front: & 
113 + 5 mm Hg (P < 0.02}, U q 
of 89 + 32 to 21 + 5 ml min PEP ee § 
centration of ‘PGE’ in uterine venous blood t 
a mean of 0.37 + 0.12 to 0.03 + 6.02 ng mii {f 
After indomethacin, infusion of PGE, i 
aorta at rates as high as 3,000 ng mira did no 
the alee UBF. This Tpi becca seems to l 









that exogenous PGE, dows net re 
the uteroplacental circulation. beta 
binding or relative inaccessibility. 
To test this possibility, we used 
shown to release prostaglandins'*1°, 
the uterine vasodilator action of bra 
min“, intraaortic): in two experime 
brady kinin increased UBF by 56 and 6 
and 21 ml min-, respectively}, wher 
bradykinin increased UBF by 4 and 16- 
and 13 ml min“; respectively). F urther, in t 
dog ‘PGE’ is not found in uterine venons } 
ments) and BK does not affect UBF. The 
that ‘PGE’ synthesised locally dilates the u 


although exogenous PGE, cannet. Similar result 
+ 
+ 






































































aa Mean aortic lood pressure 
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TENE ) We WAS. a nied ay 
ts blood flow to. one horn of the uterus. 


| K ebaabbd nis u, the precursor of PGE,'*, which 
been shown to release Ce Thus, arachidonic 


viele of ‘PGE’ that we found in uterine venous blood 
ore than ten times those reported in the venous 
of the hind limb* and are equal to or greater than 
renal venous blood!*?, The capacity of the kidney 
jise prostaglandins i is Seed only by the seminal 
and in view of our findings, perhaps by the gravid 
s well. Since prostaglandins of the E series have been 
oppose the vasoconstrictor. activity of pressor sys- 
our findings of high uterine venous levels of ‘PGE’ 
are increased further by angiotensin IT may account 
or the increased UBF produced by angiotensin I 
red reactivity of the uterine vasculature to other 
stimuli. Renin, which is found in abundance 
it uterus’? has been suggested to participate 
rol of uterine vascular resistance’, possibly 
the generation of an angiotensin which in turn 
tes uterine prostaglandin synthesis. In this way, 
nei -prostaglandin interactions may participate in 
tion of uterine blood flow. The importance for the 
reulation of uninterrupted synthesis of prosta- 
s by the gravid uterus was revealed after inhibition 
staglandin svnthetase with indomethacin”, Uterine 
yw fell to levels less than 30% of control. Simul- 
e concentration of “PGE” in uterine venous 

ed. to a mean value less than 10% of control. 
recalls our previous studies on the renal circula- 
ontinued production of PGE, was shown to 
resting renal blood flow®, and (2) angiotensin IT 
noradrenaline were shown to increase renal synthesis of 
above basal levels*. The. importance of this function 
e kidney was revealed after inhibition of prostaglandin 
etase by indomethacin. Thus, resting renal blood flow 
ased by more than 40%° ‘and the renal vasoconstrictor 
nof angiotensin H and noradrenaline increased several- 
21. The previously reported ameliorating effects of preg- 
_maney on both experimental. hypertension?? _ and essential 

pertension®® n 
ad uterus. to. 





synthesise one or more substances which 
nsive À uv aaa such — as PGE. = Peal, 












he maternal components of the placenta, nor 
ayometrium, should be considered. ‘Thus, we 


may reside partially in the capacity of the 


us b br on or more aites aa the fostal. 


ga o in uterine blood o after 


Can blood. d fowt DEE S PCE E ee 
Ang. H = Control = Ang. H 


- Ang. H Control t | 
(mm Hg) ~ (mm Hg) (ml min@!) (mimin?) (ng ml) (ng mlt} 

85 95 69 T2 , e To 
80 95 157 186 0,49 0.56 
105 138 100 IS] 0.21 0.55 
110 125 330 44 0.11 0.22 
9) 105 115 155 0.18 0.92 
100 125 32 63 0,23 0.3 

90 115 62 76 — — 
135 145 — = 0.37 0.46 
100 118 84 Wi 0.26 0.51 
+16 +23 +0 06 +0.10 
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1 sta N ation i in a Escherichia coli 


Ir M ben thought that the rel gene in Escherichia coli is 
responsible for the stringent control of stahle RNA synthesis 
dependent on a supply of amino acids, since the gene was 
identified as the site of mutation to the relaxed phenotype’. 
But in our previous reports??, we suggested that mutational 
defects in rel- cells are probably in the translational mechin- 
ery, the integrity of which may be required for stringent 
control. This supposition is based on 1e following observa- 
tions: (1) When rel” cells are shifted down in carbon or 
nitrogen source, the stringent control of RNA synthesis is 
observed in spite of their rel genotype?*, +, Only when de- 
prived of amino acids do rei cells fail to restrict RNA 
synthesis, in contrast. to cells having | the rel* allele. (2) 
Ribosomal inhibitors like ehloramphen eol abolish the string- 
ent control in both re/* and rel” cells*-*.*, Furthermore, a cold- 
sensitive mutant defective in protein. synthesis at low tem- 
perature carring a mutation in speA locus, also shows the 
relaxed phenotype under non-permis e conditions’, It has 
been ssa that several seat mutants of rel strains 
av : tRNA Saree 
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ea resume Piccoli 10, This is he. ah ie. 
cells to carry out the nortiál synthesis of prot 
supply of amino-acids is limited. 

The work described here was carried out to 
Parau aaa a ihat the ret heals ds s defectiv 






somes in the amino waded rel" o 
protein synthesis while in rel” cells 

When the cells growing in an ami " 
shifted down to one poor in amino a 
to resume growth much more rapidly t 
responsible for the synthesis of ami: 
immediately after shift-down in rel cells, he 
cells?. Formation of several other enzymes 
galactosidase", alkaline phosphatase™, and or 
carbamylase!? was also. impaired in rel cells du 
acid starvation. : 

When the cells were shifted down to an ami 
medium, the overall rate of protein « 
to less than 10% of that in pre-shift ¢ 
and rel” strains (see zero time in Fig, 1 
in Fig. la the rate of protein synthes 
ered rapidly during incubation in mi 
reached a plateau which was sufficient to main 
of cells in shift-down conditions. On ie ee i: 
of protein synthesis in rel” cells gradually dec 
The potential protein synthetic activity a 
corporation of 4C-phenylalanine i in the pre 
of twenty amino acids was preserved - 
amino acid starvation, while in rel” celle 

The change of the rate of RNA - 
amino acid shift-down is also shown ix 
tion of amino acids, RNA synthesis in gel 











































































Fic. 1 Change in protein and RNA a 
rel” cells following the shift-down of amin 
and CP79(rel-), isogenic except for tt 
used. They are descendants of KIZ s 
leucine, threonine, histidine, a 
were grown at 37°C with s 
quired amino acids (20 ag mi 
M9 medium; further s 
acids (0.1. mM each). The 
centrifuged, washed and res 
medium containing only r 
During incubation in the shi 
indicated aliquots were wi 
protein and. RNA syntheses, : 
em light: ath) were estimated 
tein synthesis, two samples. ( 
pipetted into two different ` 
ul of 1+C-phenylalanine (5 aCi m 
50 wl of distilled water, and t 
14C.phenylalanine and 50. plo 
ture except phenylalanine ( 
thesis, 0.5 ml samples 7 
ing 15 al of *H-vracih (5 aCi 
or without 50 wl of a mixture o 
mM each) as above. After incuba 
3 ml of ice-cold 5% trichloroa 
cipitates were collected by filtra 
glass fibre papers, washed three t 
trichloroacetic acid and then one: 
activity was determined in- a ligul 
eter using toulene-based counting. 
protein and RNA syntheses were l 
activities incorporated per Aw 
lines indicate the activities - 
inco edhe of eee 

















ne Fs ae 


protein À synthesis, Cc RNA A synthesis! x, 





a: 6 10 0 3 6 To 
Time (min) 


ne Dar of Saly somes in CP78 (rel*) and CP79 (rel) 
hè presence of rifampicin. Cells, grown to log phase in a 

e+M9 medium supplemented with twenty amino acids, 
ollected, washed and resuspended in M9-buffer to 
‘oximately 7x108 cells ml. The cell suspension was 
red into the flasks containing 06 ml of glucose (0.2 

, 06 ml of thiamine (10 ag mr), 06 ml of mix- 








f required amino acids (0.1 mg mit each), and 3 
“mixture of twenty amino acids (1 mM each) when 
d. The total volume was adjusted to 30 ml. After 
nn for 10 or 30 min 1 ml of rifampicin solution 
ri was added to each flasks. The incubation was 
pouring over crushed ice at indicated times. Cell 
ere prepared according to the method of Godson". 
‘ells were collected by centrifugation and resuspended 
aml of 25% (w/v) sucrose solution containing 10 mM 
HCl (pH 8.1). Then to the cell suspension were added 
lof lysozyme (1 mg mF") and 50 ul of EDTA (10 mM). 
mixing by gentle swirling for 3 min in the cold, 05 
lytic mixture was added, which contained 40 mM Tris- 
(pH 8.1); 1% (w/v) Brij-58, 20 mM MeCh, 0.2% 
‘deoxycholate and 1 ag ml? DNase. Lysed solutions 
centrifuged for 10 min at 10,000 r.p.m. to remove 
cell membranes and debris. The lysates (3.4 Aso unit) 
> analysed in 46 ml of 04 M to 13 M linear sucrose 
y gradients containing 10 mM Tris-HCl (pH 75), 
M MgCh, and 60 mM KCI. Gradients were centrifuged 
imco SW 50.1 rotor for 50 min at 45,000 rpm., then 
ded from the top with ISCO gradient fractionator, 
‘+h monitored the optical. density at 254 nm. The poly- 
e content was determined by cutting and weighing 
‘tracings after correction of the base lines. a, CP78 
‘); b, CP79 (rel). x, Cells were incubated with 
nfy amino acids for 10 min before addition of rifam- 
n; ©, incubated in the medium containing only re- 
i amino acids for 10 min; A, incubated in the me- 
containing only required amino acids for 30 min. 








essed, but it started to rise rapidly before the recovery 
wth (Fig. la). The initial suppression of RNA synthesis 
cells is the consequence of stringent control, In the 
frel cells, the rate of RNA synthesis was not restricted 
privation of amino acids but during incubation in the 
mal medium it declined gradually (Fig. 1b). Potential 
‘A synthesis, like protein synthesis was preserved in rel 
is, but rel cells. were not able to maintain the activity at 
shift level. 


Ve have suggested tat the regulation of RNA synthesis 









syuthesisg Sale under ahifialown gonditionsl® $ 
ze shat me cells Daring tlie rel allele have the : a 


gene was ‘not (cone dered pan ee shift-down éxpéri- 
as earried out, since in the experiments mewhich 
t amino acids are withheld, the amino acid auxo- 


by addition of actinomycin: or - rifampicin. On 4 I 
polysomes are stabilised and accumulated. when ribosome 
movement on méssenger RNA is arrested by ribosomal in- 
hibitors such as chloramphenicol or fusidic acid (see ref. 16). 
The translational activity on polysomes can therefore .be | 
estimated by measuring the stability of polysomes after in- 
hibition of messenger RNA synthesis by rifampicin. 

We have measured the stability of polysomes of both rel* 
and rel cells in either growth or amino acid shift-down condi- 
tions in the presence of rifampicin (Fig. 2). Polysomes in the 
actively growing cells of both rel and rel strains are de- 
graded rapidly with halflife of about 3 to 4 min but the 
stability of polysomes in amino acid-deprived cells is dis- 
tinctly different in re/* and rel” strains. Polysomes in amino 
acid-deprived rel* cells decay almost at the same rate as 
these in the growing cells although there is a lag before 
degradation starts (Fig. 2a). In a rel” strain, polysomes of 
cells incubated in an amino acid-deprived medium are much 
more stable than those of growing cells (Fig. 2b). The 
stability of polysomes is increased by prolonged incubation 
in the minimal medium. | 

These findings clearly indicate that the translation on 
polysomes in rel* cells is occurring actively even under the 
limiting supply of amino acids, whereas in amino acid- 
deprived rel cells polysomes are inert, as when the ribosome 
movement is arrested by addition of chloramphenicol. 

Ron’! and Silengo’® have reported essentially the same re- 
sults as ours on polysome turnover in rel* and rel” bacteria. 
But Cozzone and Donini?! have reported a conflicting result: 
that when rel* and rel cells carrying temperature-sensitive: 
valyl-tRNA synthetase are treated with rifampicin at a 
higher temperature, polysomes in both rel* and rel” cells 
decay as rapidly as those in growing cells under permissive 
conditions. 

From the results of polysome turnover, it was expected 


that, under the amino acid-starved condition, proteins are - 
synthesised normally on polysomes and released to the soluble — 


fraction in rel* strains, but not in rel” strains. To prove this, — 
we have carried out the following chase experiment. The 
amino acid-starved cells of both rel* and rel strains were 
labelled for 1 min with *H-amino acids of high specific ac- 
aes After labelling, an excess of unlabelled amino-acids 

ras added. Figure 3A shows the kinetics of incorporation of 
A amino acids into the cell lysate and its acid- 
insoluble fraction with re/* and rel” cells. Although the specific 
activities of amino acids were reduced about a thousand-fold 
by addition of unlabelled amino-acids, the incorporation of 
radioactive amino acids into the acid-insoluble fraction was 
not suppressed immediately. In this experiment the amino 
acid pool of the cells contained radioactivity more than ten 
times higher than the protein fraction, since the protein 
synthesis was greatly reduced by amino aeid starvation. 
Therefore, even after the addition of excess unlabelled amino 
acids there is a time lag before the labelled nascent poly- 
peptides on polysomes are replaced by the unlabelled poly- 
peptides (see Fig. 3C). 

Figure 3B shows the pattern of sucrose density gradient 
centrifugation of lysates of rel* and rel” cells which were 
chased for 30 and 90 s by the addition of an excess of un- 
labelled ammo-aeids, Fig. 3C shows the time course of the 
incorporation of radioactive amino acids into the acid- 
insoluble fraction of polysomes, ribosomes, and supernatants 
calculated from the results of Fig. 3B. As expected, after the 
addition of unlabelled amino acids the labelled nascent poly- 
‘peptides on palysomes in amino acid-starved rel* cells were 
displaced by unlabelled polypeptides and released to the 
supernatant fraction, while in amino acid-starved rel cells 
thæradioactive polypeptides were retained on polys omes. 7 
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» above results are ‘consiatent with those obtained from 
me turnover experiments. Thus, the translational defect 
1° cells: under the restriction of amino acid supply may 

ated in some processes involving ribosomal functions. 
Many studies have an reported on the mechanism of 

10 zymes in bacteria. In most 

os | on or derepression. of enzymes is achieved 

by thie regulation — at the level of transcription, and the 

mechanism involved in this process is largely understood. 

The mechanism of translational control in enzyme formation 
during adaptation has not yet however been clarified. 

From the study on the formation of -galactosidase in 
amino acid-starved cells of Salmonella typhimurium, Engbæk 
et al.2* have pointed out that a mechanism for successful use 
of a limiting supply of aminoacyl-tRNA must exist in the 
cells. We consider that the rel gene is responsible for this 
mechanism. As we have shown before?, the mutation in the 
rel gene causes the impairment of formation of enzymes when 





the supply of amino acid is limited. We have observed that. 


polysome turnover is. suppressed in ref cells under amino 
acid starvation, whereas in rel* cells polygomes actively turn 
over and the polypeptides synthesised on polysomes are trans- 
ferred normally to the supernatant fraction. These resylts 
















| ture, grown to Jog phase under “OL tw 
acids, was washed and resuspended in a glue me 
minimal medium without addition of any 
After starvation for 15 min at 28°C, 10 ei en 
active amino acids mixture (8.7 Ci m or s 
alanine (G), 28.7 Ci nmol? *H-.-lysine-45 
mmol? $H-1-tyrosine-3,5 was added. After 60 = | 
unlabelled phenylalanine, lysine and tyrosine w 
the final concentration of 25 uM each. At 30 si 
portions of the culture were poured over y 
mg of chloramphenicol. The cell ly 
and analysed by sucrose density 
the determination of radio-ac! 
gradient were collected and 
cold 4% perchloric acid. They — 
Whatman GF83 glass filter pap : 
perchloric acid, 50% ethanol and dried. | 
determined by scintillation counting 
mixture, a, CP78 (rel*); b, CP79 © 

of radioactive: amino-acids into cell 


labelled amine-acitis were added. i 
directly to glass filter papers, dried and co 
were precipitated with cold 4% per 
as described above. B, Sucrose d 
of incorporation. Dotted line shows o 
radioactivities were chased for 30.8 
labelled amino acids after labelling . 
for 60 s; X, chased for 90 s. C, 3 € 
polypeptides from polysomes to super atant - 
cific activities of each fraction of poivsome 
supernatant were calculated from the p 
density gradients, which denote total counts o 
ing region per total Aw unit of that region. 
indicates the time when unlabelled an 

added. ©, ss ie iuo in se ccs 




















functions at the a n eval de 
tion. Hall and Gallant?® have also 
B-galactosidase with reduced spe 
increased thermolability is formed i 
cells, 

Pedersen et al.2* and Haseltine and Block 
that ppGpp and pppGpp, the comp i 
in response to amino acid starvation im rel” oè 
sised on ribosomes in a cell-free system of | E i 
thesis requires the presence of messenger | 
tRNA, and a protein factor isol: 
washing of rel* cells”, Their r 
pppGpp are formed on polyso 
bound to the A site of riboso nes due 
the appropriate aminoacyl-tRNA sp 

As is shown here, polysomes in r 
tinue to synthesise proteins after . 
whereas in rel cells ae movement ¢ 0 
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ective pressure on HL-A polymorphism 


advantages of heterozygotes i is one of the most frequent 
ations of the maintenance of a polymorphism. This 
ntage may have the form of a lower fitness of all 
zygotes, whatever the allele they possess. According to 

ations on a small Tuareg isolate, such is apparently the 
y the pogmorpiism: of. the histocompatibility system 



























e HL-A system (human leukocyte antigen A) is im- 
ically detected. by. means of specific sera. It de- 
on two loci which lie close together on the same 
some. At the present time (including the blanks), 15 
s are well defined at the first locus (SD1) and 20 alleles 
€ -second (SD2). Each combination of one allele at the 
ocus and one at the second is called a ‘haplotype’. The 
yer of these combinations is therefore 300. Because of the 

combination fraction between the loci (about 0.008) 
), the system can, for certain purposes, be considered 
t Single locus system with 300 alleles. 
lomo ozygotes (having two identical haplotypes) are very 
since all the haplotypes have a lower frequency than 
in Caucasoid populations. It is pointless to try to show 
screpancy between the observed frequency of homozygotes 
at expected i in a Hardy-Weinberg equilibrium. The only 

n is in very small, isolated populations in which, be- 
se of founder effect or genetic drift, the number of 
plotypes present. in the gence makeup of the group is 
reatly reduced. 

‘his is the case with the Kel Kummer Tuareg tribe, of 
uth Sahara. This tribe was founded in the seventeenth 
since w in it has lived entirely apart from sur- 
populations and has rigorously respected the very 
rules of mating which require marriage with the 
s brother’s daughter. At present it numbers about 








genealogies, siested by A, Chaventré? giveean ex- 
re description of the descent of the tribe, agd some 
e process of transmission of the genetic heritage through 
ree centuries, They cover a total of 2 500 individuals, and 
| example of such a ‘genealogy. is shown in Fig. 1, 





Hea e PARRE pe y to e ea The 2 500 E 
individuals, dead or living, of the tribe all descend from a 
few ancestors, with extremely intricate lines of descent. 

This inbreeding may be measured by the classical F co- 
efficient’. It is possible to calculate the F values by com- 
puter taking into account all the possible paths between liv- 
ing individuals and their common. ancestors (in some cases 
the number of paths is about 10°). For the set of 106 indi- 
viduals whose HL-A genotype is known, the mean of the 
computed F coefficients is 0.1108, which is a remiely high. 
In two sibships it is even greater than 0.24 (F = 0.25 for 
offspring of sib-mating). 

The homogeneity that results from this inbreeding is bet- 
ter shown by taking the ‘probabilities of a gene's origin’, 
that is, the set of probabilities that, for the various found- 
ers, a gene taken at random in the population i is derived from 
him, where a ‘founder’ is an ancestor whose parents are 
unknown”. 

Classifying the 97 TEN in order of decreasing im- 
portance, we obtain Table 1. This shows that 90% of the 
genetic makeup of the tribe comes from only 22 individuals. 
These individuals oe 44 naples sets, some of which 


eo 


evident that the Kel Puna: Tribe i a an uncommon 
genetic homogeneity, 

To discover the HL-A genetic structure of the Kel Kum- 
mer tribe we tested for antigens: HLA1, 2, 3, 9, 10, 11, 
W29, W30+31 and W28 for the first locus (SD1), and 
HLAS, 7, 8, 12, 13, W5, W10, W14, W15, W17, W18, W21, 
W22, W27 and DA (6) for the second locus (SD2). The 
research*:® on the HL-A antigens of the Kel Kummer have 
shown that they possess only 21 haplotypes, two of which 
exist at high frequencies, namely: HL-Al1/W21, 19%; 
W28/HL-A7, 17%. : 

Among the 106 individuals whose genotypes (the two 
haplotypes) are known, only one is a possible homozygote; 
but. this cannot be ascertained since he may have a blank 
allele at both loci; a study of his genealogy gives the proba- 
bility 0.50 of homozygosity. 
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a Fic, 1 Extract of. Kel Kummer genealogy. 
































- servations is supported by the following argument: 












Tasue 1 Genati “make-up of the Kel Kummer tribe 





merae neran saagan nenna 


Fropodion of the genetic make-up 





Founder No. (%) Cumulative 
1 10.6 | 
2-7 41.8 52.4 
8-12 19.4 71.8 
13-22 47.4 89.3 


23-97 10.7 A ot 100 





The number of homosygotes v we expected i is, however, sig- 
nificantly higher. If the population were in Hardy-Weinberg 
the total frequency of 
2 of the haplotypes’ 


equilibrium for the HL-A loci, 
homozygotes, equal to the sum Zp 
squared frequencies,” would be 8. %. A 
seen that the rules of choice of mate are very strict and so 
the prohibition of sib-mating, which entails a small ‘negative 
i inbreeding’, is largely counterbalanced by the preference for 
_eousin mating (30% of the marriages) or for mating with a 
cousin once removed (15%). The mating ‘behaviour for the 
whole tribe corresponds to a deviation from random mating 
measured by the § coefficient’, such that § = + 0.01. The 
frequency of homozygotes, knowing the present genetic struc- 
ture and the mating behaviour should therefore be 


h=8 + a —'8) 3 Lp. = 9.3% 


Under the hypothesis: that the observed sample is a 
random sample, the expect ed number of homozygotes among 
the 106 tested individuals, is a random variable with expected 
value E = 106 x 0.093 = 9.86 and standard deviation o 
= (106 x 0.093 x 0.907) = 2.99. The observed number (1 


or parte i is thus ii outside the- confidence interval 













: = 0. 1108. Each of hem has therefore ä eee ik of 
ates than 0.11 of being a homozygote. Because of the non- 
independence of the genes of the various individuals, one 
cannot. consider the number of individ als with two identical 
genes as a binomial variable, There is an inconsistency be- 
tween the expeeted number of such individuals (0.1108 x 
106 = 11.7) and the. observed number of homozygotes. 
This. observation supports: the hypothesis that the HL-A 
chromosome segment is maintained in a polymorphic condi- 











oz tion by disadvantages to being a homozygote, whatever genes 


are possessed. A model of this kind has been proposed for 
the histocompatibility systems®, but has not previously been 
supported by observation. The present data do not enable 
the role of HL-A system itself to be distinguished from that 
. of a linked locus. It is probable however that HL-A antigens 
sent, in the haploid state, on the spermatozoa’: how- 
ts on: aygotic assortment for the HL-A 
amily. studies’, 9 
n$ all the genes of the main system of 
histocompetiblity, L-A, are located on a chromosome seg- 
ment which is very important for many immunological proc- 
esses (locus of mixed lymphocyte culture, MLC, and proba- 
bly locus of immune response, Ir). The detection of the 
presence of foreign cells (alloimmunisation) depends mainly 
of this segment; it is possible that it includes ‘archaic’ loci, 
which have remained unchanged during evolution, together 
with duplicated loci which have become more and more 
sophisticated. In plants there exist loci for detection of 
foreign cells, the ‘self-sterility systems’, which prohibit ho- 
mozygous. fertilisation and. maintain polymorphism. It is 
-possible that such genes still exist in man on the alloim- 
munisation chromosome segment, contributing ,to the main- 
tenance of polymorphism. This interpret&tion of our ob- 
when 
non-related parents share the same allele for HL-A or fer 
MLC loci, the offspring is homozygote with a frequency 








































close to the expedtéd propaition!#s consequently 
hibition of homozygote’ we have observed ; may 
to a locus closely linked to HL-A but which i not F 
itself nor MLC, 
This homozygous deficit has not, however been - 
studies of other relatively isolated populations**. ‘Th 
us to believe that the gene preventing homozygosity i 
is not HL-A) may be at some distance from the HI 
on this chromosome. Nevertheless in the Tuareg tri! pe 
is extremely inbred, it is always transmitte i w bi 
loci because of the limited recombination € B 
other theory would be that the locus lin 
sesses several alleles, not one of which a 
This has been proven to be the case of T1 
is linked to the major histocompatibility locus { 
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Stimulation of bone marrow haem 
stem cells by a factor from activat 
T cells 


I present here direct evidence that a m 8) 
activated thymus-derived lymphocytes {T cells) 
proliferation of pluripotent bone marrow stem cells 
T cells have been known as a source of hamoral t men 
which can regulate (enhance or inhibit) antibody respon 
These mediators are released when T cells are stimu 
an pate or Wia ee (pl - toena 


was pen to te UT Ne that 
inducedeby one antigen stimulated pro 
to another non-cross-reacting antigen t, Th 
the factor stimulates proliferation and di Fer 
munocompetent bone-marrow-derived cells {5 


general. . : : 











































Recipient mice cfu. per 106 | 


T n Ox Te No. cellst c.f.u. per spleen}, injected cells - 3H-thymidine pulse§ 
‘ce of spleen cells - PHA* injected, X 10° individual mice fresh or cultured) (d.p.m. per 108 cells) 
h suspension 
normal donors — 2.0 3,3,4,4,5 19.0 (15-25)4 
HA-injected donors -f- 2.0 9,12,13,14,15 63.0 (45-75) 
culture = 15.0 0,0,0,0,1,2,2,2,3 <1.0 (<1-2) 1,950 (1,900-2,000 X 
+ 10.0 2,2,3,3,3,3,4,7 3.4 (2-7) 117,500 (94,300-144,000) 


Male Balb/c mice (Jackson Laboratory) were both donors (6-8 weeks old) and recipients (10-12 weeks old). Recipients received an 
“av dose of 700 rad (180 kV, 15 mA, 80 rad min“, with 2 mm Al and half-value layer 0.5 mm Cu, distance 51 em) 6 h before cell transfer. 
. cell suspension (pooled from several donors) was prepared by pressing spleens through stainless steel wire screens in cold Puck’s saline 
antibiotics, followed by washing. Eagle’s minimal essential medium was used for suspension cultures, containing 1% non-essential 
10 acids (100x), 2mM L-glutamine, ImM sodium pyruvate, 1% antibiotic mixture (100x) and 5% foetal calf serum. Cultures (2-3 ml, 
cells per ml), in disposable tissue culture tubes, (Falcon No. 2051) were kept for 3 d at 37°C in air with 5% COs, Cells were then 
hed and injected into irradiated recipients in the numbers indicated. PHA was added at a concentration of 2.5 ug mi™ of medium, at 
b ig of cultivation. For in vive experiments, donor mice were injected with 200 yg intraperitoneally 24 h before cell transfer. 
; ited cells (viability determined by trypan blue exclusion). | 
fiu. is the number of macroscopic colonies visible on spleen surface 8 d after cell transfer. Colonies were counted using magnifying 
ses (10x) after brief immersion of the spleen into acetic acid-ethanol (1:4). No colonies were found in spleens of control irradiated 
yients which receive no cell inoculum. 
Pulse labelling was done in 2 ml cultures containing 106 cells per ml of the medium with or without PHA (0.5 ag ml~!). *H-thymidine 
mi~ of culture) was added for 24 h between the second and third days of cultivation. Cells were then precipitated and washed 
i rchloric acid, the pellet resuspended in 0.1 N NaOH, aliquots (0.1 ml) pipetted into scintillation vials with 10 ml of Aquasol 
ingland Nuclear Corp.) and radioactivity determined in a Packard scintillation counter. 
‘erage number of ¢.f.u. per 10° of injected cells (range within the group). 
ean of duplicates (range). 


n obvious question arises. Is the effect of activated T In my first experiment, normal spleen cells were cultivated 
factor(s) limited to the functionally specialised im- in vitro for 3 d with or without PHA (2.5 u mi) and cfu. 
yöcompetent B cells, or could it also stimulate other bone in the cultures was counted by the transfer of 10° cells to irra- 
row-derived cells and bone marrow cells? Precursors diated recipients, To verify that the tissue culture reflected 
antibody-forming cells represent only part of the bone the effect of PHA in vivo!” some irradiated recipients were 
row population; another large portion comprises un- given freshly isolated spleen cells (105 to 10°) of either 
rentiated stem cells, or cells engaged in haemopoiesis normal donors or doners injected with PHA 1 d before the 


ythropoiesis and granulopoiesis). transfer. Table 1 shows that stimulation of spleen cells with 
‘he answer was sought as follows. Activated T cells were PHA, either in vivo or in vitro, increased the number of 


ained from cultures of spleen cells incubated with phyto- = haemopoietic cells (e.fu) about three times (P < 0.01, by 
magglutinin (PHA). The stimulatory effect of PHA was Wilcoxon’s unpaired rank test, ref. 19). 

red by pulse labelling with 9H-thymidine. Haemopoietic The following experiments were performed to determine if 
ells were enumerated by the colony-forming unit (c.f.u.) the effect of PHA on stem cells is mediated by T cells. Spleen 
y^. A sample of the cultivated cell suspension in which cells were treated either with anti-theta serum plus comple- 
tem cells (c.f.u.) were to be detected, was injected into ment to eliminate T cells, or with normal serum and com- 
lly irradiated syngeneic mice. Spleens of recipients were plement. as a control. The cells were washed and cultured 
ved 8 d later and macroscopic colonies on their surface for 3 d with or without PHA. c.f.u. were enumerated as 
counted. Each colony is a clone arising from a single previously. Table 2 shows that the stimulation of DNA 
ripotent haemopoietic stem cell and contains cells of the synthesis and the increase of stem cells (c.f.u.) observed in 
ie morphological character, either erythrocytic, megakaryo- control cultures (containing T cells) (P < 0.01) did not 





or granulocytie!!~14. No lymphocytic colonies have been occur in experimental cultures in which T cells were eliminated 

orted so far, even in spleens of mice that received. cells (P > 0.05). 

m PHA-stimulated donors'®. Colony-forming stem cells To show that the effect of T cells on cfu. is mediated 
mn be obtained from bone marrow, spleen, blood and lymph by a factor(s), supernatant fluids from previously described 
jdes (in decreasing order of frequency) but not from thymus cultures were collected, filtered through 0.45 am Millipore 

horacie duct cellst®8, | filters and stored frozen at —20° C. They were then tested 


i TABLE 2 Role of theta-positive cells (T cells) in increase of splenic colony-forming cells in cultures stimulated with PHA 


Recipient mice 


sl] treatment | No. cellst = cefu. per spleen, cfu. per 108 3H-thymidine pulse§ 

e culture PHA* injected, X 10° individual} injected cells (d.p.m. per 10° cells) 
rmal serum + C’ — 9.0 0,1,1,1,1,2,2,2 1.4 (<1-2)9 -2,955 (2,850-3,080)|| 
i n 45 11333.45 6.3 (2-11) 103,750 (103,500--104,000) 
theta serum + © — 7.2 2,3,3,3,4,5,7,9,9 6.9 (3-12) - 2,460 (2,360-2,560) 

. ee 6.3 2'313,5,5,9 7.1 (3-14) 2/310 (1,830-2,790) 


ti-theta serum was prepared by AKR mice given ten weekly injections of C3H thymocytes (10' cells per injection, intraperitoneally). 

O ug of a pertussis vaccine (gift from the Massachusetts State Laboratory) was given with the eighth injection. The serum was specific 
thymus cells (titre 1:8,000) and killed 40-50% of spleen cells as determined by trypan blue exclusion. Normal guinea pig serum absorbed 

e with mouse spleen and liver cells (5:1, v/v) was used as a source of complement (C’). Freshly isolated spleen cells were incubated, 

- ler sterile conditions, with anti-theta serum (5 X 10° cells per ml of Puck’s saline, final dilution of antiserum 1:10) in a water bath at 
: © for 20 min. Guinea pig serum was then added as awource of complement (1:10) and left for another 20 min. Normal mouse serum 


bed) served as a control. Cells were washed, in Puck's saline and cultivated for 3 d fis described in Table 1. Asa pated, specific 

















of T cells resulted in a relative increase of c.f.u. per 106 viable cells remaining in the spleen cell suspension. The ine expected 
wo-fold but was actually higher (compare first and third row in Tabfe 2). The possible stimulating effect of antigen dy complex 


U might be considered. | 
‘ootnotes are explained if the legend to Tadle*1. ô 











Stimulation of bone marrow c.f.u. with a T cell product in vitro 





| / Tante 3 
Recipients 
| . No. cellist e.f.u, per spleen, cfa per 10° bthyrmidi 
Experiment Culture medium “injected, X 108 individualt injected cells (d. p.m. per 
A MEM 4.3 3,3,4,4,5,6,6 10.0 (7-14) 10,500 (9,6 
MEM + PHA 4.5 4,4,4,5,5,5,6,6 11.0 (9-13) 7,500 (7, 500 
SMEM vap Ane nee 6.4 (5-7) 12,300 (11,200+1 
Spira 1:20 4.0 6.7.8, 10 Bere ees eee eee 
B, Swem 1:50 2.5 1,2,2,3,3,4 10.0 (4-16) 2,950 (14,200 
Spas 1:50 2.5 10,10,12,14,15,18 53.0 (40-72) 3 
1:100 Ap 3,4,4,5,6,9 21. 0 (12-36) 2 
Sauti the ta, MEM. 2.9 3,4,4,4,5 16.0 (12-20) 
Santi- theta, PHA 2.5 2,2,2,3,3,4, 4,5,5 14. 0 (8-20) 


Pona marrow ceils (pooled from avon donors) were flushed from femurs with cold Puck’s saline, washed and vai 








medium as described in Table 1. Super natan 
from 3-d cultures of spleen cells in the mediu 
from two different experiments in which the 
and Santi-teta.pas are supernatants from eul 
theta serum plus C’ and then cultured with or 

_ -with anti-theta serum and complement before cult 
to those reported here with bone marrow cells. 

MEM, minimal essential medium. 

Footnotes are explained in the legend to Table 1. 

for the presence of a cell-free substance able to stimulate 
haemopoietic stem cells in vitro. Bone marrow cells (which 
do not respond to PHA), rather than spleen cells, were 
the source of cfu. and the target for the hypothetical 
factor. This eliminated the possibility of stimulation of T 
cells by trace amounts of PHA in the supernatant fluids. 
Bone marrow cells were flushed from femurs of normal donors, 
washed and resuspended in the culture medium containing 
various concentrations of either control supernatants from 
normal, untreated spleen cultures (Swex) or active supernat- 
ants from cells cultured with PHA {Spna). Another set of 
= control eultures included bone marrow cells with or without 

“PHA in the medium. Cells were tested for the number of 
efu. after 24 h of cultivation. Some culture tubes were kept 
for 3 d and were pulse-labelled with 3H-thymidine. 

PHA failed to stimulate DNA synthesis and cfu. (P > 
0.05) in bone marrow. cell cultures (Table 3, experiment A). 
In contrast, the presence — of Sema in the ‘culture medium 
increased DNA A synthesis in cultures and increased the num- 
ber of active e.f.u. two to three times compared with control 
cultures containing Suey (experiments A and B). The factor 
was active up to a dilution of 1:100-in the medium with an 
optimum concentration of about 1:50. ‘Supernantant fluid 
from spleen cells pre-treated with anti-theta. serum plus 
complement and then cultured with PHA did not contain 
oar Foccsctacagsle activity (P > 0.05). 
can be stated that mouse splenic T cells activated with 

in vitro release a eee) which can stimulate 























id in vivo, The possibility of sudi a 
i ee ‘previous observations that the 
| ft mus-dependent antigens changed con- 
siderably the frequency of haemopoietic stem cells in blood 
and spleen??-#1, A similar effect was observed by Micklem™ 
after in vivo injection of PHA, a specifie mitogen of mouse 
T cells??-*5, My results provide direct proof of existence of 
such a factor(s). 
The chemical nature of this T cell product is not known. 
I suggest, however, that it is related to immunoregulating 
Tpetors induced in T cells by antigen®* rather than to 
thymosine’, a soluble substance obtained from normal 
ails and able to promote immunological maturation 
82 The suggestion is based on the observation 
ctor described here can be obtained from stimu- 
d peripheral T cells only. Thymus cells, either normal 
or incubated with PHA, do not release an active substanee 


a that has this. effect on. stem cells (unpublished results 8f 














fluids added to the medium at various concentrations were collected, i : 
without (Smem) or with (Spaa) PHA. Supernatants added in experiments A ar 
nulating effect of PHA on splenic c.f.u. in the cultures was determined. ' 

es shown in Table 2 (third and fourth row) in which spleen cells were pretre 
hout, PHA in the medium. Splenic B cells (obtained by treatment of 

























Rn 


ivation) were also used as the target for the factor. Results ( unpublished) were 


If upheld, my observations will offer a mecha 
which activated T cells can regulate not only an 
mation in specialised immunocompetent cells, as 
by others, but also differentiation of more primi 
cells and haemopoietic cells m bone marrow, This 
will provide another test for comparative anayssi 
logical functions of humoral. products from T ¢ 
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* These data apply to ruminants and herbivores in general. 


turnover, and the turnover is lower for dogs, and still lower 
for cows, ‘monkeys and human beings. 

In terms of a life span there is a negative correlation be- 
tween the longevity of animals and their. protein turnover 
rate, The existence of such a- regularity has attracted no 
attention so far. The protein turnover rate, however, does 
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ae So Half-life Reference to Maximum 
- Species ae Active matter Method* (d) literaturet life-span (yr) 



















“Rat — ss 88S-pt~methionine pD 2.6 207 
aA eee ; _S-Di-methionone, D 4.4 222 5 
sR f H 3.0 232 
H 3.0 198 
a or KE e D 3.5 259 
Cono a o Dog -methionine © D- 5.2-6.4 115 18 
on ee N-pr-lysine D H 5.4 230- 
o Dieiysineð o | H 5.0 208 
o 8S-pi-methionine H 5.0 115 
-.  S-pr-methionine D 6.6 260 
Human. Sa ae ape methionine l =o D 9.2 115 110-115 
Humar 55 BN-glyei O D 10.0 261 
Human (male) — BN-gly woe D 7.0 240 
Human (female) sN -elvei Bays E D 9.0 240 
i ee a. 68-r-methionine Hs D 50 259 
an (male) Nag D 20 240 
Human (female) — BN-g 20 240 
Rat o ce SS Ine 5- D 3.0 259 
i cn niclysine-6 | H 3.3 207 
| BS-trmethionine | © D 3.0 259 
%S-1-methionine fos D 2.0 259 
 'Sanethionine D 3.0 259 
5 a-r-met, hionine D 3.2 259 
>) BN-glycine = D 12 240 
e)... BNeglycine =- D 19 240 
; “N-glycine > & D 9.0 240 
ale) ug eveme oar: D 18 240 
Maa a S a D, CP 4.2 227 
eae D 8.1 227 







ise ope. concentration in protein at some ak after i injection of the labelled material. 
i lled protein to the recipient. animal with subsequent measurement. “CP” is the con- 
168 red by the different methods is approximately the same. 

Sam Tarver’, | 
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381S, and. this in 

oblem. We refer to the data presented in turn, depends on the intensity of DNA activity. | 

ations by different authors collated into one I M. SPECTOR 
1), and the data of the two works collated in Institute of Traumatology 

ble 2)! In. these, the data on the protein plasma 3, Gorky St., 


ds a sufficient amount af experimental data characterise the intensity of protein synthe: 





_for various. species of mammals is presented. We Kazan, USSR. 
ded a column on t ie Maximum life span of the e | 
each table. D Received October 30, 1973: revised J anuary 10, 1974, 





the highest rate of protein turnover 
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l 3 ‘tors-of steroid hormones are intracellula 
rs neurotransmitters and- polypeptide hormon es are oaei in 
| the cell membranes’, 










3 sation pt angiotensin. i receptors 
cin rabbit ¢ aortae membranes 
Hormonse-recertor interaction is the first step of a chain 


` of cellular processes leading to the hormonal response. Re- 
a: ceptor sites are believed to be macromolecular components 


finite in number, possessing a genetically determined struc- 


ture and capable of specific recognition and interaction with 
hormones with a high degree of specificity and affinity. Recep- 
lar, whereas those of 








Angiotensin II is a polypeptide hormone which has, among 
many pharmacological actions, the basic property to contract 
~ smooth museles*. The availability of a *H-angiotensin H bav- 

mga high specific activity and possessing the full biological 
activity of the native hormone’ allowed us to — 
_the presence of angiotensin receptors in- a 
aorta‘, in the microsomal membranes extrac’ 
enates of intimal medial layers of rabbit LOT 










membrane fraction derived from the plasm: membrane®, At 
the various levels of purification the binding sites were con- 













: aTe as hormone receptors, as the kinetie constants of 
‘angiotensin binding were identical to those- of the biological 

ed by the hormone. 

be the solubilisation of the above described 


pbit aorta, and provide some information about the molec- 


aay conformation of angiotensin required for its interaction 


with receptors. 

The microsomal nie ies were errr from homog- 
enates of intima media of rabbit aortae ‘by differential 
centrifugation”. These membranes were -considered to be 
ntiall r derived from smooth muscle cells ‘because the 
ribution of intima was less than 1% total mass. Recep- 
-< tors were solubilised by suspending | the 100,000g microsomal 
pellet i in 50 mM Tris-HCl buffer, pH 8.0, containing 100 mM 
NaCl and deoxycholate (7-deoxycholi acid, Sigma; final 
concentration 0.2-1.0%). The membrane protein concentra- 
tion® was 4.6 mg mlt, After a 30 min incubation at 0°C, the 
“membrane suspensions were centrifuged for 1 hat 200 000g 
and the resulting soluble supernatants were assayed for 
angiotensin binding. After incubation of sol ) 





























material with 


4H angiotensin IT ee activity 40 Ci mmol”), aliquots 


eo 


SHA + 1,000 A 


16 


Time (min) 


Fic. 1 a, Time course of- binding of 2.5 x 10° M of 
&H-angiotensin II to solubilised material at 29° C in the 
absence (CHA) and presence of 1000-fold. excess of un- 


labelled angiotensin = + 1000 A) Results expressed as 
pam. mg> (X103); isplacement of bound radio- 
rg activity induced by ‘addition of 1000-fold excess of un- 
-labelled angiotensin to solubilised material after its incuba- * 
with 25 x 108 M of 3H-angiotensin II for 5 min at® 
Results are expressed i in % of bound radioactivity. 


- inding components of smooth muscle cells of 


® 


some in the ‘Diteeteg i | 






“HA (5) 
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Fra. 2 Inhibitory effect of unlabelled angi 
the bape of rhe : 


x10 


fluid and counted. in a liquid sc 
validity of Sephadex for. the. se | 
e M was demonst at 


alal Mente was a for othe iio v 
in the void volume in the control. 
_ Treatment of microsomal | nembra y 






dependent binding. ees 0 

















as ne difference ‘between t 
measured i in the absence of v 


eal addid nee z 
No significant specific binding was ¢ 
incubation at 4°C; in contrast t 
minimally affected by changes rp 
tion rate constant at 29°C is K, = 28) 
sociation of angiotensin—-receptor complex + 
adding 1000-fold excess native angioten: 
preincubated for 5 min at 29°C with 2 5 x 
angiotensin II. The samples were then ineuba 
periods before being assayed for specific ang 
During the first 2 min dissociation of the °F 
gaara was a first onder Enee pors the ra 
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bed here is supported by several lines of evidence: first, 
kinetic constants of *H-angiotensin IT binding obtained 
previous studies on intact aorta and microsomal mem- 
re similar to those measured on solubilised material 
These kinetic constants are very close to the kinetic 
e ‘dhe biological response elicited by angiotensin, 
traction. of intact aorta* and release of calcium 
gomës t4.. ‘Tt seems therefore that the binding 
g iene may be considered as Sie nor elements 

















inng chromatography on Sephadex: the amount of bound 
joactivity was reduced two-fold by an additional gel 
ration. Second, only the specifie binding of angiotensin to 
yilised material was temperature dependent, indicating 
the specific binding process possibly involves a variation 
onformation of the ligand and/or the binder, and also 
ates the possible participation of hydrophobic groups 
the binding process. _ 

hird; solubilised receptor-angiotensin interaction is spe- 
: °H-angiotensin TI binding was only inhibited by native 
giotensin II and some angiotensin. derivatives. As shown 
Table 1 the 2-8 and 3-8 angiotensin fragments had an 
















a Aorta 
Ea Specific Biading capacity 0.8 X 1071 mol mg 
E Dissociation constant 1.3 X I0" M 


| Biological response (Kn ) f1.5 X 1@°M 





Fom Scatchard plots 
“From K-,/K, 
+ Contraction 
$ Ca?* release. 
stilts on aorta and micro$omal membranes ere “from ref 4 and 5. 
Py Ld 

+ 


Membranes 


ngiotensin I atd an iis were 2.5 X 107M ad 5 x 107M, eel Conditions of neubation 
sin Fig. 2. For each compound, six determinations of ability to compete were made: The elucidation of the 
lerivat ives has. been detailed’: 16 Data obtained on membranes are from ref. 6. 


that of the unlabelled angiotensin II; the 1-7, 
‘6-8 fragments had a partial inhibitory effect; ‘the 1-6 hexa- 
- peptide, which has no biological activity, had no effect. The 
absence of inhibitory effect to the 1-6 fragment is a 
argument for the specificity of the binding as it shows that 
the binding of angiotensin to the solubilised material is not 
related to a nonspecific interaction between some hydrophobic 


part of the angiotensin molecule and deoxycholate molecules 
it a pares Gisele ab were “goliubilised ‘ as 


on of the afigiotentin-réeptor aa which occurs — 


Khosla, R. R. Smeby, and F. M. B, 


TARLE 2 Cona of the kinetics of 3H-angiotensin I binding to deoxy cholate-solubilixed receptor, 
microsomal membranes and intact aorta 
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inhibitory effect on *H-angiotensin FI binding identical to 
4-8, 5-8 and 


a strong | 


which may remain associated to any of the solubilised mem- 
brane proteins. 

These results agree with those previously observed on 
membranes*, Fermandjian et al.!5.16 have demonstrated that 
the organisation of the angiotensin molecule in concentrated 
aqueous solutions and polar organic solvents, such as tri- 
fluoroethanol, was that of a cross-8 type defined by two 
turns involving the 3, 4, 5 and 6, 7, 8 amino acids respec- 
tively, which was illustrated in our previous publication®, 
The present results indicate that binding to receptor sites 
does not depend upon the N-terminal as “long as the amino 
acids responsible for the two turns are present. These results 
also indicate that the C-terminal turn alone allows a partial 
binding. It seems therefore that the interaction of the 
peptide with its receptor site requires its organisation in a 
eross-8 conformation which has been shown to stem essen- 
tially from the His-Pro sequence (D. Greff, S. F., P. FE., M. C. 
unpublished ). These 
considerations illustrate the extreme similarities of the inter- 
actions existing between angiotensin and the solvents which 


have been used in the physical studies, and those occurring 


between angiotensin and receptor sites. This demonstrates the 
validity of the angiotensin model established for such solvents. 
In addition to the cross-8 organisation the Phe*® is of major 
importance in the binding process: binding is halved by its 
removal. The maintenance of full competitive activity with 
“H-angiotensin binding when Ile® replaces Phe® may be ex- 















Microsomal Deoxycholate-solubilised 
membranes material l 
3.5 X 107) mol mg`! 2.0 X 10°? mol mg“ 
5.5 x 107° M 2.0%: 10-8 M- 


11.6 X 107° M- 
§2.3 X 10M s 


























et effects où 3H-angiotensin Il binding of the 














nal amino. acids. Tn. solution, however, the intramolecular 

interactions promoted by Phe! and Iles respectively are 

somewhat different as observed by eireular dichroism (D. 
yreff, S.F., P. F., M. C. Khosla, R. R. Smeby, and F. M. B., 

unpublished) which underlines the delicate variations of angio- 

tensin II conformation with the environment. 

The comparison of the inhibitory effects of the various 

angiotensin derivatives on the 3E -~angioter sin H 

their biological activities is difficult beca: 

= them were tested Dn išolated. rabbit an 




























: “The inhibitory 
7, 2-8, 3-8 frag- 
d on the basis 
activity. At least 
es were measured 


eptor a of rabbit. AO) 


kad 


ments and of the Phet analogue was € 
that they all have some intrinsic contr: 
‘for these latter two peptides, whose activ 
on rabbit aorta’, it seems that their affinity to receptors as 
measured in our study is higher than that ected from their 
contractile effect. This was also observed | on. isolated mem- 
_ -branes*, A discrepancy between. the binding to receptor sites 
and the contractile response might ne easily explained if 
the biological response is- considered as a complex phe- 
ienon depending both on a good adjustment of angio- 
receptor ‘cavity’ (which would be, as discussed 
ye, ensured by its cross-f organisation) and the interae- 
tion: of specialised groups of the molecule with 
ponents which would trigger the biological. response. This 
discrepancy might also indicate a great complexity of the 
receptor site. One might speculate that the binding involves 
more than one macromolecule and the part concentrated in 
this preparation is specifie for the C-terminal sequence of 
angiotensin IT. It is interesting in this respect to note 
that in the case of catecholamines the part of the molecule 
responsible for binding was clearly distinguished from that 
responsible for the activation of adeny! eyclase®®, 

We thank S. Hamon and S. Guichard for typing the manu- 
script and drawing the figures. This study was supported 
by the Institut National de la Santé et de la Recherche 
Médicale, the Centre National de la Recherche Scientifique, 
an the Délégation Général à la Recherche Scientifique et 
Technique. 
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From electronmicros scopic observations, Katz has © 
out the existence of Junctions between t 
terminal bulbs and the intrafusal musele- 
Lewes It was suggested that the june 





Here we one physiological “evidence fo i 
simple-type spindle receptors. dag S. 
Muscle Lidia with D sa eni 





CP in a een of Ringers pos on n 
e KCI, 1.08 mM CaCl, and. 2 2.38 m 


Ringer's ae were ented: by an 
which in turn was interrupted at its 
paraffin pool. The pools of Ringer’s solutior 
to calomel electrodes. through Ringer-agar 
tential between a GOE OE, 


ean of the a eae. ‘Class microele yi 
20-50 MQ, filled with 3 M KCI or 2 M Na 
ulated under visual control, using an inverted ni 
Constant current stimuli (pulses of 0.05 ms dorati 
current) were given extracellularly to the axon term 
intracellularly to the intrafusal muscle fibre. 

The simple type spindles which were used bad 
innervation: the parent axon divides into two mye 
branches; one of them again subdivides into two 
myelinated branches, while the other does n 
ments concern only the non-subdivided |} 
intrafusa] muscle fibre innervated by is 
abortive spike discharges were defined, 
cording afross the paraffin gap. 

Spontaneous spike discharges were recorded extrace 
by a microelectrode in contact with the surface of the 
terminal. The arpplitude was about J] mV (ne: itive). A 
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ITT es MILLOaERASEUNGETINGTTaR YTTTTY 
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Distance from nerve terminal (um) 


IG 1 ‘Decrement of electrical events with increasing dis- 
from nerve terminal. Glass microelectrodes for 
J) and stimulating (b) were moved along the 
Axis of the intrafusal muscle fibre. 
ar results; == =-=, extracellular results. Centre 
ws reticular area (stippled) and polar regions 
d), drawn to scale. a, Amplitude of fast potentials 
ec tded from. muscle, coincident with spontaneous propa- 
ated spikes. Microelectrodes were filled with 3 M KCI for 
t lular recor ding and 2 M NaCl for extracellular 
ne. -strength necessary to excite nerve 
m a ‘Negative ‘pulses were given extra- and. intracellu- 
arly through glass microelectrodes. Efficacy. of positive 
pulses (data not shown) was. about the same. 











stance of 20 um, and. becoming | undetectable e at a dis- 


ice of 150 um from the terminal. - 


y intrafusal musele fibre. revealed | a Je arn of 


@ pana artraceliilaviy- (solid. “Vettical p in Tie 1a) 
t distances as great as 400 um from the nerve terminal; 
y Mo A well- B striations were r 


: he anny oan ‘with an si e a ahe 
ulating electrode in either disection. : 


na T. 3 " ae 7 eee as | 


t ante decreased. nearly exponetitially, “falling io 50% a at 


-Insertion of the microelectrode into the reticular zone of 


e Received November 2, 1973. 


the level of ‘thst nerve al a i propagate dL spike : 
did occur along the parent axon. No musele twitching was 
observed, of course. In sharp contrast to the extracellular 
stimulation, the current necessary to stimulate the nerve 
terminal increased only slightly over a longitudinal distance 
of 100 pm. Even at a distance of 300 pm from the terminal, 
a pulse of only 150 nA was still sufficient to excite the 
terminal. Electrical pulses of 100-200 nA, applied intra- 
cellularly to the polar region of the intrafusal muscle fibre, 
occasionally provoked muscle impulses and twitching. 

Depolarisation of the intrafusal muscle fibre by means of 
current injected through an. intracellular microclectrode 
increased the rate of spontaneous: afferent discharge, and 
hyperpolarisation decreased it (Fig. 2). A quasilinear rela- 
tionship between the current and the- discharge rate was 
obtained in the range of +20 to —20 nA, during which no 
contraction could be observed. This suggests that the axon 
terminal may be coupled with the intrafusal muscle fibre by 
a relatively low resistance. 7 


Depolarisation | Hyperpolarisation 
| „Impulse $* 
Š -10 
-5 
20 10 0 10 20) 


Current (nA) 


Fic. 2 Effect of direct current injection into muscle fibre 

‘upon propagated spike discharge rate of afferent nerve. 

The microclectrode was inserted into intrafusal muscle 
fibre 50 am from nerve terminal. 


In the muscle spindle, the afferent nerve terminal and the 


intrafusal muscle fibre may have electrical coupling through 


capacitance and resistance, arranged in parallel. Such an 
electrical coupling must contribute to the transmission of 
events from the axon terminal to the intrafusal muscle fibre 
and vice versa. It may play an important role in the trans- 
duction mechanism of the receptor. It is likely that the 
sensory nerve terminal is also activated by conducted muscle — 
fibre impulses ; it has been found that. these ‘early dis- 
charges’ in turn precede the twitch of the intrafusal. musele 
fibre i in mammalian spindles“ s. 
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d te functional mechanisms. Antisera raise 
-= eells have provided valuable information on 
stituents of lymphoid cells'~*, and so I have used a similar 
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‘Tas cadent of e cell surface = mediating specifie cell-cell 
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F i is necessary 1i provè 


approach to identify antigenic componen s expressed on 
cells of the nervous system of the mouse. The murine 
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Dilution aia antiserum 







Fro. 1. Titration of rat anti-C1300 me : sim: against C1300 
tumour cells (@), lymph node cells (LNC) of A mice 
(W), or LNC of C57 mice (A). To. Jabel the target cells, 
0.5 ml of a cell suspension containing 5 * -107 cells mi-i 
was incubated for 30 min at 37° C with 50 aCi of 5Cr 
{Na:CrO,, Amersham) in medium containing 10% foetal 
‘calf serum (FCS). The cells were washed twice and re- 
suspended to 3 xX 108 cells ml? ir dium containing 
FCS. A volume of 20. zl of cell suspension. was incubated 
at room temperature for 30 min with 20 al of various 
dilutions of antiserum. The cells. wer Washed with 300 
yalo medium and, after centrifugation at 8 rpm. for 
min, the cells. were resuspended in 50 zl of oe 4 dilution 
bit serum and i ubat ed at room temperature for 
{ | 3 ac dded and thie tubes cen- 




























: ar of su from. ils exposed to ‘antibody’ and 
complement (ab) was measured and compared with that 
released from cells exposed to detergent (max) or com- 
[ernie alone (comp). Cytotoxic activity was calculated 
; the formula , 
(ab — comp) /(max — comp) x 100. 
all experiments the absolute release of 5Cr caused by 
nent was less than 10% of the maximum release. 
iserum tested at a 1:2 dilution in the absence of 
‘ment was not toxic. ‘Duplicate or triplicate deter- 
ms were made in all eytotoxicity, assays. 
‘Although the plateau of maximum. cytetoxte activity 
observed in the “tOr release cytotoxicity assay was 60% 
of the amount. of 51Cr released by detergent, trypan blue » 
analysis showed that 90%-94% of viable ascites cells were e 
~ kiied by dilutions of antiserum up to 1:4. 









intraperitoneal passage of tumour. ‘cells | 
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Fic. 2 Residual cytotoxic activity . of rat 
serum after absorption with C1300. 
(@-—@), LNC of A mice Chai y 
A (@-- -w), AKR (Ak) or 129 
Volumes (50 yl) of a 1:4 dilution 

incubated with varying numbers < of 

room temperature. Volumes ( 20 

assayed in duplicate as described in th 
The residual cytotoxic activity was: on aul 
formula 














(% lysis by absorbed antiserum/% lysis by unabs 
antiserum) x 100. | 


neuroblastoma C1300 can, in culture, give riseto 
display many of the morphol wical, bid | 
iological properties characteristic of ne 
present evidence indicating that rat anti F 
C1300 tumour cells recognise a tissue antigem 
pressed predominantly on mouse brain. 

The C1300 tumour is maintained in several 
by subcutaneous passage in strain A mice. Fi 
the tumour was converted to an ascites f 





referred to subsequently as A mice. Two. 
intraperitoneal injection of 8 x 10° C : 
approximately 2 x 107 ascites cells could be | ab 
mouse, The aseites cells used m thes ao experimen 
tween 90% and 95% viable. Of 
90% were C1300 tumour cells. 

Antiserum was raised in adult Wistar 
traperitoneal injections of 10° viable asi 
intervals of 14 days. The rats were bled * 
injection. Before absorption with mouse 
antiserum had a cytotoxic titre of 1231 
tumour cells and lymph node cells of A mice 
was absorbed five times for 30 min at room t 
equal volumes of a mixture of spleen and ther 
from A, oe PAB AK - ty and £ 





Sonal: rat | serum, po of a L4: 

C1300 antiserum were absorbed with ` 

C1300 ascites tumour cells, LNC of Am 

of A, AKR, or 129 mice and tested. fo 

against C1300 tumaur cells. 4 sample of 5 x 10 
o 












Residual cytotoxic activity. . 





“0 30 
Volume (yl) of tissue used for absorption 




















1G. 3 Residual: cytotoxic activity of rat anti-C1300 anti- 
rum -After absorption with various amounts of brain (A), 
dney (W), liver (©), muscle (@), spleen (A) and 
stes (P of A mice. Volumes (50 al) ofa 1:4 dilution of 
tiserum were incubated with a measured volume of 
at room temperature for 30 min. Volumes (20 yl) 
sorbed antisera were assayed in duplicate as described 
the legend to Fig. 1. The residual cytotoxic aori 
WR: calonlated as described in the legend to Fig. 2 





. coptotoxic activity, No 
by any of the other cell types (Fig. 2). 
‘o investigate whether the antigen recognised by the rat 
-C1300 antiserum was a normal tissue antigen of A mice, 
iots of a 1:4 dilution of the antiserum were absorbed 
ious tissues of A mice and tested for residual cytotoxic 
ainst C1300 tumour cells. A- putative anti-H-2* 
raised in C57 mice by three intraperitoneal in- 
of 2.x 108 spleen. cells of A mice was absorbed and 
parallel. To control for dilution and possible non- 
are hy the. pate peu ba the rat anti- 
















I er porn brain 
aoa He (Cr—O), 
Wi tar rats 

described 








mals ‘Between 3 Pa 4 months” of. ‘age. the residual 
otoxic ey: was y caleuinned 2 ~” pea in the- legend 
to F ii 


significant activity was- 
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a but dii L r o 


from the ra fnti-( 
from A mice did nol 
either antiserum (Table | 
of antiserum. absorbed | at 4 dilution with either kan, 
kidney, Ih r, muscle, or: spleen were tested for residual 
cytotoxic activity. at 1:4, 1:8, 1:16, and 1:32. Compared 
with Wistar rat. tissues, onl > brain and kidney of A mice 
removed ‘significant amounts of cytotoxic activity from the 
antiserum. To estimate the relative amounts of the antigen 
expressed on brain and kidney of A mice, 50 yl volumes of 
a 1:4 dilution of the rat anti-C1300 antiserum were absorbed 
with various. amounts of these tissues. The results of these 
experiments indicated that there was at least 10 times as 
much of the antigen on brain as on kidney of A mice. Liver, 
musele, spleen, and testes did not absorb appreciable amounts 
of the cytotoxic activity (Fig. a The antigen recognised by 
























TABLE 1 


Residual eer a a absorbed antiserum, | 
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Rat anti-C1300 


„antiserum C57 anti-A antiserum 
Tissues used A (mouse) Wistar (rat) A (mouse) C57 (mouse) 
for absorption tissues tissues tissues tissues 
Brain 8 RI 8R NT 
Kidney 45 78 35 TI 
Liver 86 R4 10. 77 
Lung 84 NT 30 96° 
Muscle 88 87 80 89 
Spleen 89 88 0 NT 
Testes 88 NT E 58 80) 





Residual alone activity of- fat anti-C1300 and C57 anti-A 
antisera absorbed with various tissues. ‘Organs were removed from 
exsanguinated animals and chopped into pieces of roughly 1 mm‘. 


The chopped tissues were pressed through a 333 mesh nylon netand | 
the filtered suspensions washed four to seven times with medium aoe 


containing 10% FCS. Diluted antiserum (50 yl) was absorbec 
an equal volume of packed tissue for 30 min at room temp 
Volumes (20 ul) of absorbed antisera were tested as described in | 
legend to Fig. 1. The residual cytotoxic activity was calculated 
described in the legend. to Fig. 2. The titre of the C47 anti-A 
antiserum was 1:40 against both C1300 tumour cells and LNC of A 
mice. A 1:10 dilution of the antiserum was used in the absorption 
experiments. NT, not tested. 






rat anti-C1300 antiserum was expressed in omens 
amounts on the brains of A, C57, C3H/He, CBA, and DBA 
mice (Fig. 4). 

C1300 tumour cells express several cell surface antigens 
present on brain as well as other tissues of certain mouse 
strains'®, These antigens include H-2*, the major histocom- 


o patability antigen of A mice; the 6- C3H alloantigen; Pe-1, 


the plasma cell alloantigen ; GCSA, the Gross cell surface 
antigen; Sk-1, the skin alloantigen; and the NZB auto- 
antigen. None of these alloantigens is expressed predominantly 
on nervous tissue or present on the nervous tissue of all 
strains of mice, The inability of LNC or thymus. cells of A 
mice to absorb the cytotoxic activity of the rat anti-C1300 


antiserum indicates that the antigen recognised by- the anti- 














serum is neither H-2*, 0-C3H nor the NZB autoantigen. The 


inability of thymus cells of AKR or 129 mice to absorb the 
cytotoxic activity of the antiserum eliminates the possibility 
that the antigen is either GCSA or GIX™, Gross virus-re- 
lated. antigens. The antigen detected by the rat. anti-C1300 
antiserum is not Pe-1.sinee Pe-1 is present on liver and — 
spleen as well tis brain’ and kidney of A mice. Nor is the _ 
@ntiserum. directed against the serologically defined. Sk-1 

antigen expressed" on the brain tissue of A: mice sinee a 
different Sk antigen is expressed on the brain tissue- 






















‘mice, In addition, Sk has not been reported to be present 
on kidney tissue. "Phus, the antigen recognised by the rat 
anti-C1300 antiserum is a normal tissue antigen of A mice 
present on brain and, to a lesser extent, on kidney, but 
not on liver, lung, muscle, spleen or testes afid distinct from 
the alloantigens previously determined to be present on 
both C1300 tumour cells and A brain, In subsequent com- 
munications, this antigen will be referred to as mouse brain 
antigen-1(MBA-1). 
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Flagellar rotation and the mechanism of 
bacterial motility 


BACTERIAL flagella are generally composed of three morpho- 
logically distinguishable regions: (a) the long flagellar fila- 
ment which accounts for more than 95% of the flagellar 
protein; (b) the hook, which is generally 80-90 nm long 
and has a characteristic shape, and (c) the basal structure 
which is composed of an intricate set of disks and rods 
attaching the hook to the cell membrane and cell wall?-*. 

Explanations of how the flagella move* include the sug- 
gestion that helical waves are propagated along the fila- 
ment®®, or that the filament behaves as a semrigid helical 
rotor*:?.*, Berg and Anderson’ concluded that the evidence 
“ . . favours a model in which each filament rotates”. The 
data presented here adds strong support to the existing 
evidence and provides a way to follow flagellar function that 
is independent of translational motility, 

The methods that have been used to study motility depend 
on observation of the behaviour of the whole organism. This 
is a complex result of a series of events and is thus, at times, 
difficult to analyse and interpret. It would be useful to be 
able to follow the motion of a single flagellum or to assay 
for its activity in a way that does not depend ‘on chemataxis 
or cell motility. To do this, a series of experiments was de- 
signed based on the observation that bacteria can be fougd 
which appear to be ‘tethered’ by their flagellum to a particle 
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Fic. 1 The rotation of a cell bound to the microscope slide. 4 


E. coli strain M81381 was grown on minimal medium — 
with glycerol as the carbon source. Cells were pul on & — 
microscope slide and an equal volume of antipolyhook - 
antibody diluted to 1:200 was added. After a 10 m lag, the 
cells began to spin. Their behaviour was recorded through 
a Zeiss phase contrast microscope onto video tape and then 
transferred to film. The pictures presented represent frames 
taken at intervals of 1/12 of a second, The cell at the left 
did not move during the sequence and it provides a refer- 
ence point. 


of debris or to the surface of the microscope slide’. These 
bacteria rotate rapidly. The rotation could reflect the motion. 
of the tethered flagellum or it could result because the — 
remaining untethered flagella cause the cell to move. Ta 
examine this motion in greater detail, we used ‘polyhook’ 
mutants of Æ. coli}®, which carry two mutations, one in the — 
hag gene which eliminates the formation of the flagellar 
filament and another in the flak gene which causes the loss — 
of a function necessary to terminate the assembly of the — 
hook structure. These cells make continuous polyhooks which ~ 
can be 1-2 „m long and they are nonmotile. However, when 
dilute anti-polyhook antibody is added to a suspension of — 
cells, they form clumps and begin to rotate rapidly, Several 
situations have been observed: the bacteria seem to be 
trapped or attached to the slide; the bacteria are bound to | 
each other in pairs and counter-rotate or one rotates while — 
the other is stationary; large groups of bacteria are cress 
linked and rotate or move with a jerking type of motion. < 
Ten to twenty per cent of the bacteria in a microseope field 1 
can be found to be rotating. Figures 1 and 2 illustrate the 
first two situations. In Fig. 1, the cell seems to be attached 
to the surface of the microscope slide. It rotates 360° in a- 
counterclockwise direction around an axis through one end 
of the cell body. The speed of rotation of an individual cell | 
varies from two to nine revolutions per second. The cells 
can be observed to modulate their spinning in three ways: } 
(a) by continuing to spin counterclockwise; (b) by stopping — 
and then restarting in the same direction, or (c) by changing 
direction and spinning clockwise. The cells generally spin 





Fic. 2 The totation of one cell bound to another. The | 
preparation was the same as that described in the legend — 
to Fis. 1. The cells in the upper left corner serve as refer- 
ips ence. o . 
f 
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Fic. 3 Electron microscopy of cells bound together via 
their polyhooks. The cells were prepared as described in 
-Fig. 1. They were placed on copper grids covered with 
carbon coated formover and stained with 0.5% phospho- 
tungstic acid. The polyhook structure generally appears to 
be helical with a diameter of about 16 nm (ref. 10). These, 
however, are straightened and thickened as a result of the 
antibody. molecules bound to them. The line in the photo- 
graph represents 0.2 nm. A, two cells held together by 
antibody bound to three polyhooks, B and C, cells held 
together by antibody bound to polyhooks derived from 
each of them. 


counterclockwise and occasionally stop or reverse direction 
for one or two turns and then resume spinning counter- 
clockwise. Individual cells tethered in this way have been 
observed to spin with intermittent short pauses for more 
than 30 m. Figure 2 illustrates the motion observed with a 
pair of tethered bacteria. Again the observations are most 
consistently interpreted as resulting from the complete rota- 
tion of one of the cells about a point of attachment to the 
other cell. The attachment appears as a narrow gap between 
the cells (Fig. 2, frame 4 and frame 8) which could corre- 
spond to the polyhook-antibody complex. 

Thus, it is clear that the cells can rotate. However, it is 
possible that they rotate around the point of attachment, 
using the antibody as a swivel rather than rotating around 
the point of insertion of the basal structure into the cell 
body. Figure 3 shows electron micrographs of the tethered 
cells. It is clear that the polyhook structures are coated with 
antibody molecules, they bind the structures together at 
many points. The polyhooks have lost some of their charac- 
teristic helical appearance and are straightened, suggesting 
that they have some structural flexibility. The multiple 
attachment points along the surface of the polyhook appear 
to stitch them together and make it seem highly unlikely 
that the cells could rotate around the attachment site. 

While these experiments were all done using the polyhook 
mutant, similar experiments were possible with bacteria that 
had flagellar filaments. Æ. coli strain W3110 which we used 
carries a mutation in the hag gene that results ir» the syn- 
thesis of straight flagellar filaments lacking the characteristic 
helical appearance. The cells are nonmotile. Nonetheless, 
indirect evidence suggests that the flagella are active! To 
decrease the number of flagella per cell so that they would 


not tangle and crosslinls, the bacteria weye frown in minimal ` 
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medium with glucose as a carbon source?:3, When dilute 


antiflagellar filament antibody was adda to these cells they 
were tethered to the glass and to each other, They began to 
rotate in the same manner as the polyhook mutants. Thus, 
even with the*straight flagellar filament the cell rotation is 
observed. 

All these observations are concerned with the rotation of 
the cell, and the rotation of the filament is inferred. To 
observe the activity of the filaments themselves, we used 
small latex beads 0.7 m in diameter (Dow), which were 
incubated with a 1:1,000 dilution of anti-flagellar antibody 
and then washed in 0.01 M Tris buffer, pH 7.8, and 0.1 M 
sodium chloride. They were added to suspensions of Æ, coli 
W3110 that had been grown in minimal medium with glucose. 
Beads were found attached 1-2 um from the bacterium and 
they rotated very rapidly. In the same way, beads could be 
attached to flagella on wild-type bacteria and these were 
again observed to rotate rapidly, trailing behind motile bac- 
teria. 

All these observations, taken together, can be explained 
best if the hook is driven in a rotary fashion, probably by a 
mechanism anchored to the cell body at the base of the 
flagellum. This results in the rotation of the flagellar filament. 
Furthermore, the cell has the capacity to vary the speed 
and direction of rotation as well as the frequency of stopping 
and restarting. The ability to modulate the rotation of 
flagella may be the basis for the mechanism of chemotaxis. 

This work was supported by a grant from the US National 
Science Foundation. 
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Change in direction of flagellar rotation 
is the basis of the chemotactic response 
in Escherichia coli 


Bera and Anderson’ recently argued from existing evidence 
that bacteria swim by rotation of their helical flagella. Silver- 
man and Simon? have now provided a clear demonstration of 
this. By means of antibodies specific for flagellar components, 
they tethered cells to microscope slides or to each other and 
observed rotation of the cell bodies. The cells were able to 
stop and to rot&te in either direction. It seemed possible, as 
ghey proposed?, that cessation or reversal of flagellar rotation 
enight be involved in bacterial chemotaxis. Accordingly, we 
used wild-type and chemotaxis-defective mutant cells of 
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Fic. 1 Tethered cells rotating and responding to temporal 
chemical gradients. Rotating cells were adhered to glass 
slides by antibody-mediated fixation of a single flagellar 
filament. Bacteria were grown in glucose to reduce the num- 
ber of flagella per cell?.9.10, (About 30% of cells had flagella 
with an average number of 1.5 per cell compound with 4.3 for 
glycerol-grown cells as counted by electron microscopy.) 
This was necessary for reproducible results, presumably be- 
cause additional flagella could tangle and crosslink*, or 
cause additional torque on the cells. Bacteria, grown in liquid 
glucose minimal medium‘ to logarithmic phase, were washe 

twice by centrifugation in chemotaxis medium (10 mM 
potassium phosphate, 0.1 mM potassium EDTA, pH 7.0), 
and resuspended in the same. A sample of bacterial suspen- 
sion was mixed with 0.003 volumes of anti-filament antibody 
in chemotaxis medium (an amount just sufficient to pro- 
duce rotation of cells), and then immediately placed on a 
glass microscope slide. After 2 min untethered cells were 
rinsed off with chemotaxis medium to improve the dark- 
field image of rotating cells. Addition of antibody elim- 
inated the small proportion of free swimming cells; further- 
more, less than 5% as many rotating cells were found in 
the absence of antibody as in its presence, and these read- 
ily washed away. A 5ul sample of chemotactic agent in 
chemotaxis medium was then added to the approximately 
50 al drop remaining over the tethered cells, using Drum- 
mond microcapillary pipettes. Photomicrographs were taken 
with three exposures, each of two-fold decreasing duration 
1/20 s apart, generated by three slits of decreasing width 
in a rotating disk in the light beam. Negative prints of dark- 
field images are shown. Therefore, to determine directions 
of rotation, follow cell bodies from darkest, to intermediate, 
to most faint exposure. The same field of wild type 
(AW405) is shown with (a) no addition, (b) addition of 
0.15 M L-leucine, and (c) subsequent addition of 0.1 mM 
L-serine. The same field of the tumbling mutant AW620 is 
shown with (d) no addition, and (e) addition of 0.1 mM 

L-serine. (Approximate magnification is 2,600.) 


Escherichia coli tethered to microscope slides in a manner 
similar to that of Silverman and Simon’, and stimulated them 
by sudden increases of chemotactic agents. We found that 
changes in the direction of flagellar rotation indeed constitute 
the basis of chemotaxis: addition of attractants causes counter 
clockwise (CCW) rotation, whereas repellents cause clockwise 
(CW) rotation. 

Historically bacterial chemotaxis has been identified? and 
measured* using an assay in whick bacteria swim into a 
capillary tube containing attractant. More recently, chemo- 
taxis has been studied by analysing the frequency of abrupt 
changes in direction of swimming (tumbles) of individual 
cells of E. coli®® and Salmonella typhimurium?:* when they 
are presented with chemical gradients. Each tumble results 
in a new randomly chosen swimming direction such that 
variation of the frequency of tumbles causes a net migration 
of cells during a spatial chemotactie response. In this report 
we conclude that tumbles are caused by CW flagellar rotation 
whereas smooth swimming is caused by CCW rotation. 

In the absence of added attractants or repellents, rotatiow 
of tethered wild-type cells as viewed from above is biased to 





the CCW direction? (Fig. la and Table 1, strains AW607, 
AW405 and AW574). CCW rotation of the cell body cor- 
responds to CCW rotation of the flagellum if viewed along the 
helix axis toward the point of insertion in the cell 

Changes in the direction of flagellar rotation are shown to 
be involved in chemotaxis by the following evidence. (1) Re 
pellent additions (t-leucine) cause CW rotation of wild-type 
cells (Fig. 1b and Table 1). Note that mutants unable to 
respond to L-leucine in conventional tests for chemotaxis 
(AW608 and AW518) show no significant change. (2) At 
tractant additions (L-serine or L-aspartate) cause CCW rota- 
tion of wild type cells, and can even reverse CW rotation 
initiated by previous t-leucine addition (Table 1 and Fig. la, 6 
and c). However, mutants with defective responses to L-serime 
or L-aspartate (AW518 and AW539 respectively )™ show no re- 
sponse to a corresponding chemotactic stimulus (Table 1) 
These mutants respond normally to other chemicals (data not 
shown). (3) The generally non-chemotactic mutants (unable 
to respond to any known chemicals)****, cheA593, che B590 
and cheC'497, rotate only in the CCW direction, even following 
stimulation by t-leucine (Table 1). (4) Mutants which tumble 
incessantly when suspended in chemotaxis medium (for ex- 
ample, AW620), almost always rotate CW (Fig. ld and Table 
1). This tumbling mutant is capable of a subnormal but sienil- 
icant response to L-serine in a capillary assay (data not shown), 
and tethered cells reverse to predominantly CCW rotation 
when stimulated with L-serine (Fig. le and Table 1). (5) By 
adding chemotaxis medium to a drop contaiming tethered 
cells (AW405), we found that a forty-fold dilution of L-serme 
(from 20 uM) reversed the cells from CCW to predominantly 
CW rotation for 1-2 min. A similar dilution from 20 mM 
L-leucine immediately reversed their previous tL-leneme 
stimulated CW rotation. Thus decreasing temporal gradients 
have the opposite effect on rotation to that of imereasing 
gradients. 

The following experiments (data not shown) were per- 
formed to substantiate the above evidence. (1) Chemotactr 
ally inert agents (chemotaxis medium, 20 mM glycerol, 
20 mM p-gluconate or 20 mM btr-lactate)"'** had no effec 
on the direction of rotation, (2) Other attractants (1 mM 
p-glucose, 20 mM glycine or 20 mM _ 1L-methionme)*!* 
also cause CCW rotation. (3) Other repellents (20 mM 
L-isoleucine, 20 mM t-phenylalanine or 0.4 mM potassmim 
salicylate’ caused predominantly CW rotation, (4) Non- 
metabolisable attractants (20 mM a-aminoisobutyrate or 2 
mM pt-a-methylaspartate)* elicited CCW rotation. Henee, 
availability of energy or metabolism of chemotactic agents is 
neither envolved in chemotaxis’?** nor in the rotational 
changes we observe. (5) The effects with both attractants (even 
the non-metabolasable analogues) and repellents were observed 
to decay to the original state of rotation at times ranging 
from one-half to several minutes after the stimulus. Thus 


the effects are uesto temporal stiffulation and not simply 
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ing. "Data from such cells were not included. 
re e derivatives of E. coli K12. 


of A pe 6) Rotational responses of 
Ains before and after stimulation were confirmed 
h speed microcinematography. (7) Tethered cells of 
polyhock mutant? showed rotational responses to stimu- 
on identical to wild-type: cells. (8) Tethered cells of a 
alysed mutant (flagellated but non-motile)!3 did not 
even in response to attractants or repellents. 

om the above results we conclude that changes in 
on of flagellar rotation are the basis of both positive 
ard attractants) and negative (away from repellents) 
motactic responses. 

\g mentioned above, chemotaxis occurs by means of varia- 
n of the tumbling frequency. Increasing attractant con- 
ations (whether encountered as temporal stimul, or 
. swimming in spatial gradients) cause cells to tumble 
fr uently>-§, while increasing repellent concentrations 
/ more tumbling®. On the other hand, decreasing con- 
ations cause the opposite effect (more tumbling for 
tants and less tumbling for repellents)7:*. What, then, 
the- relationship. between direction of flagellar rotation 
tumbles? 

The generally non-chemotactie mutants swim smoothly 
ith virtually no tumbles? and, when tethered, never rotate 
n the CW direction (Table 1). On the other hand, mutants 
hich tumble continually rotate their filaments in the 
' direction most of the time (Table 1). Furthermore, 
se mutants swim smoothly and rotate their filaments 
dominantly in the CCW direction only when stimulated 
attractants. From these observations, as well as the 
cts of attractants and repellents on rotation of wild-type 
(Fig. la, b and c, and Table 1), we condude that 
ling occurs as a result of CW rotation of Ba. aed 











eral helical filaments in a bundle. behind the cells, Bac- 
eria with predominantly smooth swimming (wild-type, gen- 


T repered for aes as described i in Fig. 1, except that ‘untethered’ cells were not rinsed from the slide. Rinsing 
sed reproducibility is required. Occasionally, a cell would appear to become stuck, or to change its centre of 


Peritrichously flagellated bacteria swim. by coordination of — 


nerally non-chemotactic mutants, and responsive strains . 


fe , oe NO. ef © : "Fisher ¢ test of ) 
thant taxis “Saulus, final = eelis kA of time in Line No... 
ts _ properties concentrationt timed — CCW rotation} m pered with! | 
7 wild type a None T -10 88.2 + 15.6 eo 
ee 30 mM L-leucine dt 0.2 0.6 <0.001 
AW608§ Leucine None i. ms 04.64 6.5 1 0.3 
a taxis mutant aM t-leucine 8 93.2 + 8.9 3 0.7 
 AW4058 Wild type ~ None 30- 73.0 + 20.0 
3 mM t-leucine li 20.6 + 14.8 5 <0.001 
30 mM I-leucine 9 3.8 + 5.7 § <0.001 
20 uM -serine 8 100.0 + 0.0 5 <0.001 
| | | 2 uM L-aspartate -i7 100.0 + 0.0 5 <0.001 
AW518" = Deficient in serine and None 14 72.6 + 29.4 5 >0.9 
leucine taxis § 3 mM -leucine 8 65.6 + 26.2 10 0.6 
E 20 uM L-serine 7 73+ 8.8 10 0.6 
AW539", Defective in aspartate None 1} 87.9 + 9.4 5 0.03 
| taxis 2 uM L-aspartate ~~ 9 85.3 + 11.2 13 0.6 
cheA593" Generally non- None 18 100.0 + 0.6 5 <0.001 
| chemotactic 30 mM 1-leucine 14 100.0 + 0.0 
cheB590" Generally non- None 29 100.0 + 0.0 5 <0.001 
chemotactic 30 mM -leucine 8 100.0 + 0.0 
cheC497" Generally non- None 10 100.0 + 0.0 5 <0. 001 
chemotactic 30 mM -leucine 6 100.0 + 0.0 
AW5S744 - Wild type None . 23 88.3 + 9.9 
ii Og, a eee | 20 uM t-serine 11 100.0 + 0.0 21 <0.001 
nee Fumbling motility None 19 2.3 + 3.6 21 <0.001 
e | 20 sail L-serine 19- 100.0 + 0.0 23 <0.001 


el was sova for 30 s beginning immediately after stimulation. Times were determined manually with one stop clock for CW 
en x rotation. The infrequently observed short periods of no rotation were not included in the calculations. 


when attractant was added) all rotate their filaments pre- 
dominantly in the CCW direction. Conversely, bacteria in- 
duced to tumble rotate their filaments CW. We therefore 
conclude that to obtain the thrust required | for smooth 
swimming from CCW rotating filaments in a bundle, the 
helical sense of the filaments of E. coli must be left-handed. 
It is significant that the helix of filaments of Proteus 
vulgaris, another enteric Gram negative peritrichously flagel- 
lated bacterium, is also left-handed?*-8, 

Although it is possible that cessation of rotation or dif- 
ferential rates of CCW rotation of filaments could cause 
a tumble, we believe that CW rotation is the most likely, 
eause, because tethered cells of tumbling mutants rarely 
stop rotating and seldom rotate CCW; whereas, when not 
tethered, they tumble very frequently. The same can also 
be said. for cells responding to repellents. Thus cessation of 
rotation does not correlate with tumbling. Although we have 
no evidence against involvement of differential rates of 
flagellar rotation in tumbling, it is not necessary to invoke 
them in the mechanism of chemotaxis. Clockwise rotation 
of one or more left-handed helical filaments can lead to 
tangling or, more: probably, dissociation of flagellar bundles, 
and thereby generate tumbles. 

Several interesting questions arise now that it is known 
that flagella can rotate in either direction? and that this 
ability is basie to chemotactic responses. As proposed by 
Berg and Andersont, the morphology of the flagellar basal 
complex and its association with the cell envelope”: 20 jg 
suggestive of a eylindrically symmetrical rotary ‘motor’. Are 
there. separate. motors for CCW and CW rotation, or does 
a single motor reverse? Do the motors rotate by step-wise 
molecular interactions, or as ‘turbines’ driven by ion fluxes? 
How do chemetactic stimuli, a 
tors, ; 
tommu cate only with a nearby flagellum, or Pone T 
with all flagella? se 






















acting through chemorecep- 
ontrol the direction of rotation? Do chemoreceptors _ 
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| a8 he wall. For a araa 
4 d Tda a i too pane to ahe wall W = 8rna’Q (ref. 3). 
Viscous forees are so large in comparison with inertial forces* 
that Q will change with M virtua instantaneously; any 
discontinuities in the one will be evident in the other. Con- 
sider a cell of radius @ and uniform density p rotating at an 
angular velocity Q,; if its motor is suddenly disengaged, 2 
will decay exponentially to 0 with a time constant pa?/15n, 
and the cell will stop in Q,pa?/ 15y. radians. ¿For Escherichia 
coli this is less than a millionth of a revolution. The cell also 
is subject to rotational diffusion, but. this, wi be evident 
only if the coupling between the flagellum and the body of 
the cell is fluid. The root-mean-square deviation in the angut 








ne get Position is aches where D is the rotational diffusion 
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Time (8) 
Fic. 1 The rotation of a polyhook. mi 
window of the tracking chamber. ' 
wise (CW) at 6.2 rps. and then coun 
at 7.2 rps. (The x velocity lags t e y 4 
rotation but leads it for CCW ro n 
90°.) E. colt strain MS138 
containing glycerol as described 
washed twice with a solution ‘cont 
phosphate (pH 7.0) and Ii 
acetate, and suspended in a 
M sodium chloride (108 cells 
was added to a dilution of i: 


che suspension oan The 
The microscope readout pale 
amplified, differentiated, ey E 
recorder. The frequency response of 
with sine waves of amplitude 005- 
that of the signals which generate 
in the figure; the test signals were 
that the signals generated by the 

completely smo 





p= < kT/bn, shere k i is ; Boltzmann's 
absolute temperature. edie 
The rotation of E. coli i can be monitored with at 


cell closest to the eeritre of the laboratory 
the cell rotates counterclockwise {Q ¢> 0), 
traces out a counterclockwise path. ve the. i 
the side and ì is ieihereda near one 20 ihe 


depends on the size anak ae proces of the cel 
position of the rotation axis. 
The motion can be remarkably smooth. If the 
one revolution in n discrete steps, I conclude 
the kind shown in Fig. 1 (for cells aie 
4 r.p.s.) that n > 25. This probably rules out t 
envisaged earlier?, in which a eyele is executed w 
three (or more) cross bridges takes nine steps. * 
nism could explain the data only i the m 
different cross bridges were highly synchro 
sponse time of the tracking and recor ng 
the root-mean-square deviation m Q due 
sion should be of order (2D/r}°. Unde : 
the experiment (r ~ 10> s), the value of 
expected for a freely rotating object the size of J 
about 6 s+. The data are much smoother than th g 
so the coupling between the flagellum and the body of the ¢ 
is not fluid. 
Changes in the direction of rotation’ cecur = 
abruptly (Figs 1 and 2), and they oceur at 
in the cycle (Fig, 2 and data obtained with t 
mutant, not shown). The data at hand are e oY 
a model 1 in which the reversals occur at tandon”. 
veloeitief for clockwise and counterclockwise 
generally different, ( Figs 1 and 2}, but this des. ne 
mean that the dirve is asymmetric. When the n 
the torque apyied to the book apad the filament 
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Fic. 2 The rotation of a wild type cell bound to the top 
-~ window of the tracking chamber. In the interval shown the 

‘cell changed direction six times; it ran 71 cycles CCW at 
3.2 + 02 rps. and 28 cycles CW at 124 + 08 rps. 
The reversals occurred at different pots in the | eycle. The 
sll was followed for a total of 6 min; the interval shown 
pical of the entire record, except that the cell stopped 
ionally for about 02 s and then started again in the 
i\e- direction. Æ. coli strain AW405 (ref. 7) was grown, 
shed, and linked to the window by the methods of 
n et al.8 Other conditions were as described in Fig. 1. 


if either one changes its shape, the orientation of the 
‘and thus the load) may be different. Note that the 
itudes of the signals (Fig. 1 or Fig. 2) are larger when 
rquencies are lower. 

ls which rotate with larger radii of gyration tend to 
ate more slowly, which implies that the motors slow down 
inereasing load. This was confirmed quantitatively in 
ments with the polyhook mutant in which Q was 
ured as a function of » (Table 1). When the motors 
more slowly, they deliver somewhat more torque but less 
ver. Since the torque is approximately constant, a cell 
‘red by an inert structure, such as a pilus (the point of 
hment assumed fluid), and driven by a free helical 
ent. (rotating rapidly on the opposite side of the cell) 
i rotate at about the same rate as a cell tethered by 
agellum itself (the point of attachment assumed rigid). 
ye seen this. with wild type cells: in the absence of 
body, as many as 90% spin the wrong way (at the usual 
-but predominantly clockwise on the slide, counter- 
: kwise under: the coverslip). As Silverman and Simon? 
ein the accompanying report, a distinction between rota- 
: and other means of propulsion cannot be made with 
ered cells unless they are non-motile when free. 

ells rotate perfectly well at high osmotic pressures, even 
m visibly plasmolysed (experiments with the polyhook 
utant in 0.25 and 0.50 M sucrose). When the osmotic 
rength is increased, some cells slow down, but most continue 





ABLE. Lo “Changes i in angular velocity, torque and power 
__ Mieupation resulting from changes i in oe 














ive e change i in viscosity | alt 
tive change in angular velocity 0. 5¢ 0.08 0.51 + 0.09 
_ Relative change in external torque 1.21 + 0.19 1.18 + 0.21 
Relative changei in power esa oc 0. 61 + 0.22 0.60 + 0.19 





described in the ier of Fig. 1 and examined manually at 32°C. 
rotating ‘uniform rates (0.3-3 r.p.s.) were clocked for 
an, nedium was replaced with one containing more 
h veeliulose (Dow Methocel 90 HG), and the measure- 
rere repeated. Since the cells had different shapes and sizes 
ere. ‘tethered in different ways, the relative changes in Q 
nee in the torque by and in ‘the power dissipation bf") 
mputed for each cell separately. The data were obtained 
twenty-one paired measurements on ten cells efrom four 
ires. The standard. deviations shown in the table were com- 
d by weighting each pair of measurements edtially. The 
sities were determined at 32°C with a €annon-Ubbelohde 
ameter. 
* 0.776 to 1.88 cP. 
TAANE oE ý — 
















Cells were tethered to microscope coverslips by the meka 


that ay fen rae e ahs swim in a rc OE mete 0 


the cytoplasm provided that they retain remnants of. the ; : 
cell wall. Severe plasmolysis may cause reversible disruption Si 


of flagellar basal structures?2. 

A model for a flagellar motor is presented in Fig. 3. The 
motor operates with two rings (the M and S rings), since 
only two have been found in Gram positive bacteria!*, Four 
have been identified in Gram negative bacteria!®, but the 
outer pair probably serve as part of a bushing required for 
passage of the rod through the multilayered wall. The M 
ring has been shown to be associated with the cytoplasmic 
membrane in both Gram positive and Gram negative cells", 
but specific attachments of the S ring to known cell env elope 
structures have not been found. The motor must be attached 
to the wall somewhere, or else the torque which it can gen- 
erate cannot be applied. If the rings are pulled away from the 
wal? or if the wall is dissolved away, the rings may con- 
tinue to rotate relative to one another, but. ‘they will not 
drive the cell. 

Lubrication does not seem to be a depilen: ië reason 
being that everything is very small. I have computed the 


Rod 


Wall 


Cytoplasmic 
membrane 





| Onm 


Fig. 3 A schematic EEEE RA of a flagellar motor. 
The rod is connected to a filament by a proximal hook 
(not shown). The torque. is generated between the M ring 
and the S ring. The M ring, which is mounted rigidly on. 
the rod (connections not- shown), rotates freely in the 
eytoplasmie membrane. The § ring is ‘mounted ‘on the wall. 
The radius of the rod is 3.5 nm and the inner and outer 
radii of the rings are 5 nm and 112 nm, ‘respectively. 
(The wall thickness and the space between the M and S 
rings are not to scale.) 





torque due to the viscous shear in the space between the 
rod and the wall and in the space between the M and the S 
rings? and approximated the torque due to the rotation of 
the M ring in the membrane by half the torque on a sphere 
of similar- radius. If the passage through the wall is 20 nm 
long, the gap between the M and the S rings is 0.5 nm thick, 

the viscosity i is 1 P- (see Fig. 3 for the other. dimensions), 
wa AA is only. 3 x 10 times as ani as the drag 







-IÇ na any RE Daonna mek Ties 
ng the direction of motion. The forces are of order 6ryav, 
i a hen radius of the cell e a asa pier) 






E oe one a osmotic pressure, , which fonder the M and $ 





rings out against the wall (a force of order 10* dynes); when 
a spheroplast. swims in a medium isotonic to its cytoplasm, 
tthe axial load is not balanced in this manner. As noted above, 


“the coupling between the flagellum and the body of the Big 3 o 


























3 aand e dial loads ca: } found that two. substances must. be pre : 
nt: of contiat: ( ae Be M and fe 5 tinge)” ~ to cause the reversible Enn rA 
How is ‘the torque generated’ ? Larsen et al.15 have found stance, preferably NADH, and (2) bsta 










that an intermediate in oxidative phosphorylation (but not like HCN. The molar concentration z HC N neei 
ATP) is Tequired for motility in Æ. coli. This suggests a a rapid and reversible inactivation of the enz 
mechanism in which the movement of one molecule down about the same magnitude as the enzyme con 
an electrochemical gradient (through the membrane) causes Thus, activated, suitably purified nitrate reduc 
another molecule to exert a force on the S ring in a direction added excess NADH, provides an exceeding 
parallel to its face but normal to its radius. A force in the though non-specific test for HCN, as shown i mi 








' T opposite direction could result from a change in the coupling Although this bioassay could not on applies 
Pe Bee these molecules o or oe the action ig an Foamy extracts, it could easily be used to show 
set. -$ nae ma eap cells, or + Bik me 













by vedistillation Gace ate came within, i 

of specific chemical tests, which showed that 4 
was, indeed, HCN. After many prelimir 
conditions were found for obtan ini: | 


results of a poe of i a pee ~ 
show that the amount of HCN wh : 
from freshly collected Chlorella cells was E 
than the amount of nitrate reductase pre 
Thus, the quantity of HCN found can ace 
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P R ig esi ‘A209, 447 1951). 

Č., Rev. Sci. Instrum., 42, 868 (1971). 50 
Se _M. and Simon, M. È, J Bact., ‘112, 986 (1972). 
‘or and Dahl M. M., J. Bact., 93, 
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% Control activity 
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of > oxidant. ae as s Torticyanids® In ome: éxtracte ane hich 


low-molecular weight substances have been removed by gel percentage inactivation of nitrate red 









filtration, added NADH (or NADPH) causes a rapid cons [Of seale agninst, the initial HCN conontrs tio 
version of the active form of nitrate ae to the in- 76), 02 mM NADH, and the indica a 
active form®. Losada and coworkers have also observed HCN were brought to 20° ©. The inact 
an inactivation of the nitrate reductase from Chlorella fusca® by addition of activated enzyme to a í 
and. Chlamydomonas reinhard? by added NADH. A low- ak ipsa pe ee pte 
mole ilar weight fraction separated from erude extracts of eds ear rns inactivation 
Chlorella. vulgaris also causes an imattivation of nitrate gave 9 bY of the initial activity. 
reductase when added back to the extract, which had been for calewlation of the percentage i 
treated with ferricy anide and passed through a Sephadex re yeaa Seabee AE e 
Š à an5 ‘ € gives ë : a 
> column to remove excess reagents. In all cases the enzyme aration of the enzyme is described hia res 
ean be reactivated by the addition of the oxidant, ferri” ity. of this bioagsay can be increased by deere 
~-eyamde**. On purification of the enzyme, Solomonson® e *centratiow of enzyme. 






















































(nmol per ml sais). 


a oes Bioassay Chemical assay 
23.45 | 122 1.38 
“. 21.3 1.27 1,62 
-28.0 1.26 1.39 
27.5 2.05 1.75 
(Mean) 1.45 1.53 





Chlorella vulgaris was grown under the conditions used for the 


mple distillation. In the first experiment, 23.7 ml freshly collected, 
packed cells were washed with 500 ml redistilled water and sus- 
pended i in a distillation flask in enough water to give 0.5 ml cells 
ml suspension. An equal volume of I N H.SO, was added, and 
tion was begun immediately. The condenser was well 
, and the receiving flask was held deep in an ice bath. 
] fractions of distillate were collected, until no further active 
al was obtained. Over 90% of the total yield of HCN was 
ed in the first 17 ml of distillate. Other experiments were 


ed that there was negligible loss of HCN under these con- 
as. Another control experiment with tracer HCN. showed 


say. Addition of alkali to the receiving flask was unnecessary 
ed with the HCN at alkaline pH. 


mits of activated enzyme per ml of sonicated extract, 
ding to about 200 ul of cells. This is a yield of 7.0. units per 
ls. From the turnover number’, we estimate that one unit 
zyme is about 0.09 nmol, which gives 0.63 nmol enzyme per 








P 





e measure of the losses sustained during the extraction 


ie chemical assay was carried out according to Guilbault ‘and 
ner, without addition of isonitrosobenzoylacetone. Since 
eacts catalytically in this test, the rate of colour formation 
éasured at 23° C. HCN {0.1 nmol) added to the test system 
VA ssonm = 0.0365 in 5 min (d = 1 em). 


+ the nitrate reductase present is largely in the inactive 


Our current procedure for purifying nitrate reductase 
gan with a protamine sulphate fractionation. This was 
‘ried out on a small seale, to show that the protamine 
ulphate precipitate, containing the enzyme largely in in- 
etive form, yielded an amount of HCN which was ap- 
oximately equivalent to the amount of inactive enzyme 
ent. Thus, 32.5 ml extract (frozen, thawed, and cleared 
entrifugation), which is approximately equivalent to 
l of cells, contained 46.3 units of inactive nitrate 
ise. (measured after activation of a separate aliquot 
cyanide) and 1.8 units active nitrate reductase. 
‘tract, 1 ml of 2% protamine sulphate (pH 7.0) 
č nd the. precipitate obtained was removed by 
rifugat nm. Another 1 ml, and then 0.5 ml of protamine 
sulphate were added, the precipitate each time being re- 
moved by centrifugation. From the supernatant, essentially 
all of the enzyme was precipitated by further addition of 
2ml 2% protamine sulphate. This precipitate was washed 
‘twice with 0.02 M Tris buffer (pH 8.1), suspended in 4 ml 
of 0.1 M phosphate (pH 7.2) containing 0.1 mM dithio- 
-erythritol and 0.1 mM EDTA, and brought to 10 ml with 
distilled water in a 100 ml distillation flask. An equal 
lume of 1 N H,SO, was added, and distillation was carried 
t as described in the legend for Table 1. Special care was 
quired because of foaming. 

The first fraction of 1.0 ml and a second fraction of 
9 ml distillate were collected. The bioassay gave 2.86 and 
5 nmol HCN in the first and second distillat&s, respec- 
rely; the chemical assay gave 2.3 and About 0.36 nmol. 
: total of 3.3 nmol by bioassay compared with 2.7 nmol 
chemical assay. The 46 units of inactive gnzyme originally 















aration of nitrate reductase! @.9. HCN was separated by 


ith minor variations. Control experiments with known HCN 


the “C distributed itself with the chemical assay and the 
was avoided because other substances present in the: dist ate. 


‘he cells used for these experiments generally gave. about g 


ells, compared with 1.2 to 2.0 nmol HCN. T he estimate of the — 
rt of enzyme present is not very accurate, since we have no 


esent are equivalent ‘to abowt 4.2 nnfol enzyme, some of ® 





a antral ‘experiment, an a neatly amount a protamin ne i 
sulphate gave no detectable HCN. 

In another experiment, the final supernatant from the 
protamine sulphate precipitation was distilled after acidifica- 
tion. Here; the HCN recovered amounted to 3.7 nmol HCN 
per ml Chlorella used to make the extract. Adding the 0.6 
nmol HCN removed with the mactive enzyme, this gives 
a total of 4.3 nmol HCN per ml cells, recovered from the 
extracts of Chlorella, compared with about 1.5 nmol per ml 
as the average recovered from the intact cells (Table 1). 
This is presented as evidence that cyanide formation occurs 
in the extract. In these experiments, distillates were ex- 
amined by the chemical method of Epstein? as well as by 
the bioassay and by the chemical method of Guilbault and 
Kramer™. All methods gave comparable results. By the use 
of similar procedures, HCN could also be obtained from 
spinach leaves and from the blue-green alga, Plectonema 
boryanum (Gewitz and Volker, unpublished). These and 





further experiments will be described in detail elsewhere. 


It has long been a puzzle that cyanide-utilising enzyme 
systems are present in cells not known to make cvanide!?4, 
Thus, Conn and his associates found in 196375, that added 
HCN is converted to the B-carboxamide group of as- 
paragine by seedlings of some so-called non-cyanogenic 


plants and also of some cyanogenic plants. Tschiersch’* made 
-similar independent observations. Fowden and Belle showed 
that Chlorella pyrenoidosa converted HCN to g-eyano- 
alanine, and thence to asparagine or to the peptide y- 
~~ glutamyl-@-cvanoalanine. The literature on HCN metabolism 


has been. reviewed by Blumenthal et al., who noted par- 
ticularly that enzymes for the metabolic conversions of HCN 
are widely distributed in bacteria, fungi, algae and higher 
plants. Most recently, Taylorson and Hendricks'* have de- 
scribed a stimulatory effect of HCN on seed germination, 
and aseribed it to the specific synthesis of asparagine, which 
may be rate limiting in protein synthesis. 

We propose that HCN may play an important part in 
a delicately balanced system which controls the activity of 
nitrate reductase. The nature of the chemical interaction 
between cyanide and nitrate reductase has not been firmly 
established (see ref. 9 for discussion). The fact that evanide 
inhibits the enzyme has long been known’, Relimpio 
et al." and Solomonson and Vennesland? observed that the 
inhibition by eyanide was enhanced by NADH. This cyanide 
inhibition was slowly reversed by nitrate? and rapidly re- 
versed by added ferrievanide®. The reversal of evanide in- 
hibition by nitrate had at least a superficial similarity to 
the activation of nitrate reductase in fresh extracts of 
Chlorella vulgaris?. Maranville?? reported an increase in 
nitrate reductase activity in extracts from sorghum when 
nickel salts were added to the extraction buffer. He postu- 
lated that the nickel acts by binding cyanide released by 
the hydrolysis of the cy anogenic gly coside, dhurrin. We also 
noted a similar inerease in activity when NISO, was added 
to fresh extracts of Chlorella vulgaris? but the stimulation 
of activity by nickel was small by comparison: with activa- 
tion achieved by other methods. 

We note that when a plant is called non-cyanogenic, this 
only means that the amount of HCN present is less than 
the amount which can be detected by the test used, or 
that no cyanogenic glycosides have been. found in the ma- 
terial##22, Our experiments show that Chlorella vulgaris, 
previously considered non-cyanogenic, actually contains HCN 
in bound ferm, some of it complexed to an inactive form 
of the enzyme, nitrate reductase. Extracts of these cells con- 
gain considerably more HCN, which must be formed from 
“an as yet ‘unidentified precursor. 

We thank E. E. Conn for a helpful stimulating corre- 
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Latex spheres as markers for studies of cell 
su ace receptors by scanning electron 





TuE distribution of antigens and carbohydrate residues on 
the surfaces of cells, notably erythroeytes and lymphocytes, 
can be determined by ` binding antibodies or lectins to such 
macromolecules as ferritin'?, haemocyanin®* or peroxidase*®, 5 
which serve as markers for transmission electron microscopy. 
Improved techniques in high resolution scanning electron 
microscopy (SEM), however, make it possible to determine 
the topographical distribution of molecular receptors on the 
surfaces of cells and tissues by similar histochemical tech- 
niques involving markers resolvable by SEM. LoBuglio et al.® 
used commercial polystyrene latex particles, 2.30DA in diam- 
eter, as immunological markers for SEM work. But applica- 
tions of this reagent are limited because the hydrophobig 


surface of the particles makes them stick non-specifically 
=- to- many surfaces and molecules. 








K. Jetschmann for help with the 


e fixed in 1.25% glutaraldehyde and prepared for € 



































































We hove developed s a more useful te 
here: (1) the design and synthesis of latex 
to or less than 1,300 A in diameter; (2) the ex 
ing of anneal: and other molecule les to fol 
cell nines seers for SEM. 

The rationale for the design of polymere iat 
on the need for small, stable particles which : 
patible—that is, they do not interact HOn-Spec! 
cells or other biological components—-and con 
groups to which specific proteins and c 
molecules can be bonded covalently. . 
of hydroxyethylmethaerylate (HEMA), me 
and methylmethacrylate has these: of ar 
HEMA has blood compatible properties a 
manufacture of contact lenses’. The hyd 
be activated by cyanogen bromides? for e 
of proteins to me Ma litex. _Methae 











nscale binding to odll ‘sur 
groups to whieh various biochemical : 
by the arnon none Cross 


se etree in oath aqueou eens and: 
commonly used in the fixation and déliydrat 
specimens for electron microscopy. 
Latex spheres were synthesised by 
copolymerisation of methylmethacrvlate 
and methacrylic acid (MAA) in the presence of 
fier sodium dodecylsulphate, the free radical iv 
monium persulphate, and the cross linking ag 
propane trimethacrylate. Polymerisation v 
closed tumbling containers, under argon 
6 h. The chemical composition of the la 
HEM A, 380% ; MAA, 10% FOs and YORE 3 
ing the polymerisation conditions the diameter é 
could be changed from 600 to 13800 A. The en 
other impurities were removed by passage over : 
ion exchange column. 
Proteins and other molecules containing 









fluorescent dye, dansyl-e-lysine, or ° in 
Antibodies (0.2-1 mg ml) were covalently be 
spheres previously derivatised with e-amine ¢ 
using the coupling reagent, 1-ethyl-3- (3-di pi 
propyl) carbodiimide (2 mg m Ft) or sphere 
with diaminoheptane using glutaraldehyde (1.2 
details of the synthesis and coupling procex 
described elsewhere. 

The application of these immunochenica! 
visual markers of cell surface co 
electron microscopy was tested u 
wich’ technique®, Purified goat a 
rabbit y- PT (goni ae i 





of the inex bound goat. ‘ander 3 bit antibody 
by the agglutination of the latex in the presen 
IgG. | 
Washed bovine red blood cells (RBC) ser 
rabbit antiserum against bovine red blood cells | 
rabbit arftiserum was used in the control) were 9 
with goat anti-rabbit-latex conjugates (1-20 mg < 
20 min at 20° C. After removal of the excess r 
repeated centrifugation of the cells gat 400g, the F 
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Fic. 1 Scanning electron micrograph of bovine RBC. a. 
Red blood cell labelled with rabbit antPbovine erythrocyte 
antiserum followed by goat anti-rabbit antibodies covalently 
bonded to latex particles 1,300 A in diameter. Only partial 
labelling of the cell is observed because of the low con- 
centration of latex conjugate used. b, Red blood cell labelled 
as in (a) but with a higher concentration of latex particles 
800 A in diameter. (Horizontal bar represents 1 um.) c, 
Control experiment. Red blood -cell treated with non- 
specific rabbit antibodies followed by goat anti-rabbit anti- 
bodies conjugated to latex particles 800 A in diameter. d, 
Mouse spleen lymphocyte labelled with rabbit anti-mouse 
lymphocyte serum followed by goat anti-rabbit antibodies 
conjugated to 800 A latex particles. Sodium azide (5 mM) 
was present during labelling to prevent cap formation. 


Sse — 


by SEM", A scanning electron micrograph of a bovine red 
blood cell specifically labelled with a low concentration of 
immunolatex particles of average diameter 1,300 A is shown 
in Fig. la. A red blood cell labelled with immunolatex 
particles of average diameter 800 A is shown in Fig. 1b. 
The absence of significant non-specific binding of these im- 
munochemical reagents is illustrated in the control experi- 
ment (Fig. lc). A mouse spleen lymphocyte settled onto a 
glass cover slip and labelled first with rabbit anti-mouse 
lymphocyte serum and then with goat anti-rabbit—latex 
conjugate (20 mg ml") is shown in Fig. ld. The latex 
spheres coat the surface of the cell and line the microvilli, 
These reagents have several advantages for studies in the 
mapping of specific cell surface components. They can be 
easily prepared and coupled to proteins and other molecules 
by standard chemical procedures, they are stable indefinitely, 
and do not bind non-specifically to cell surfaces. They can 
be synthesised in various size ranges and chemical com- 
positions to suit particular requirements. For example, 
smaller spheres in the size range 200-300 A in diameter can 
serve as molecular markers (1) in replica and shadowing 
techniques for high resolution transmission electron micro- 
scopy, and (2) in double labelling experiments in conjunction 
with larger latex particles or with such biological markers 
as haemocyanin distinguishable by its cylindrical shape*. For 
use with fluorescent microscopy and for quantitative studies, 
these reagents have the advantage that by binding fluores- 
cent dyes and radioactive molecules to the latex instead of 
the antibody, a high degree of tagging can be attained with- 
out adversely affecting the antibody activity for studies re- 
quiring high sensitivity. These particles when tagged with 
metals or other suitable elements have application in elec- 
tron beam microprobe analysis and related X-ray techniques. 
The application of these multipurpose reagents in studies 
of antigens on the surface of more complex cell and tissue 
specimens is being investigated. Latex particles bound to 
certain hormones, lectins or toxins should prove valuable 
in the detection and localisation of various specific receptors 
on cell surfaces. 
We thank S. Rosenberg for rabbit. anti-bovine erythrocyte 
serum. This work was supported by grants from the Presi- 
dent’s Fund of the California Institute of Technology and 
from the National Institutes of Health. R. S. M. was sup- 
ported on an American Cancer Society postdoctoral fellow- 
ship. 
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of proximal mie eraki m ott. vitamin D-deficient 
states”, Those studies which have been done provide only 
indirect evidence of a link between vitamin D and muscle. 
Thus, autoradiography after pharmacological, doses of radio- 
active. vit amin D has shown its localisation under the sar- 
lemma*, and when more physiological doses are given to 
¢ animals, vitamin D and its metabolites may be 
n significant amounts in muscle®, Skeletal muscle also 
cont ins a protein similar to the binding protein of kidney 
(but not of plasma) that binds 25-hydroxycholecalciferol®. 
We have recently measured the uptake of calcium by the 
o isolated sarcoplasmic reticulum (SR) of the psoas muscles 
of vitamin D-deficient and vitamin D-supplemented rabbits 
and our results provide direct evidence of a biochemical 
of vitamin D deficiency on striated muscle, 
ling Dutch rabbits were fed a vitamin D-deficient diet 
~ Biochemicals, Laboratory Park, Chagrin Falls, 
Ohio) from the age of 4 weeks. (D— rabbits). Their litter 
‘mates were given the same diet supplemented with vitamin 
D providing 10-13 IU vitamin D, d4 (D+ rabbits, ‘eon- 
trols’). The D— rabbits beeame weaker than the controls, 
and showed histological and biochemie: 1 evidence of rickets, 
(plasma — 79 + 0 aed pa Spe xml; control 12.8 =a 
OA; mean 




































megi 1). Individual muscles were B ai. an 
OSR Mati isolated: sedimenting between 8,000 and 70 000g, 
_ by differential centrifugation, according to Martonosi, Donley 
~~~ and Halpin’, except that only one extraction in 0.6 M KCl 
was carried out. The final SR pellet was Tesuspended in 
= mM histidine, pH 7.0, containing 0.1 M KCl and 5 mM 
dithiothreitol. Elect ron microscopy showed little con- 
: tamination of the vesicular material by either sarcotubular 
, ents or mitochondria. The rate of calcium uptake by 
: was measured on the day after isolation by Millipore 
filtration assay (Table J )*9. Preliminary experiments showed 
that calcium uptake was dependent on ATP. Itserate varied 
linearly with SR protein concentration. (10-40 pe protein 
. mi), and with time for the first 90 s of the reaction. Thee 
=. rate of caleium uptake over the first minute by the SR’ 
Fi from each muscle was measured in duplicate at three dif- 
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Rate of ERE ‘uptake D 
psoas muscles of D i ane 













Pair No. 














Calcium uptake (4 mole per min per mi 
D+ rm 
] 1.94 
2 2.13 
3 1.88 
4 2.06 
5 2.19 
6 1.78 
7 1.74 
8 1.00 
Mean + semi. 1. -83 & G. 13 















Calcium uptake was. iea in. 3. 

20 mM histidine, pH 6.4, 100 mM K 
oxalate, 5 mM ATP, 100 M" C 
mi~ at 25 °C. The reaction was ste 
and stopped, after 60 s, by pass 
0.5 ml of 5 mM histidine, p 3, 
HA Millipore filter (pore size 0.45 y 

by the SR was calculated from t 
determined by liquid scintillation 

and in the filtrate, Blank value S 














ferent protein concentrations. As the mean ve 
from the psoas musele on each side of any indi 
was not significantly different, the result giv 
is the average value for each animal and 
mean of 12 measurements—6 on each psoas r 

In the D— rabbits the rate of calcium uptal 
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Fria. 1. Percentage of initial rate of calet 

after incubation at 37°C. The results are 

mean % + sem. of the rate of calcium upt: 

contol When first measured. Numbers of animals a 
in brackets. #, D+: 4, D—. 


Jur i 3 


was lower in all experiments than in the D4 co 
mean difference between the pairs of De 
is significantly” different from zero (t <= 7 
and the difference between the mean rat 
for the two groups is also significant (t =` 
ee Tn some ie aes ae SR sam ples = 











e rates of either the Mg?’ or the Mg?*-Ca?*stimulated 
Pase between the SR isolated from the two groups of 
nals, In an initial repletion experiment three oral daily 
SES of 100 IU of Vitamin D, were given to one of a pair 
~ D— rabbits. The rate of calcium uptake by the SR 
from the repleted rabbit was higher than that of the D— 
rabbit (1.39 as against 1.09 „mol Ca per min per mg SR 
protein). The activities of the Mg?’ and Mg?*-Ca?* stimu- 
lated ATPase were again similar. | 
In rabbits up to the age of 8 d it has been shown that 
b oth muscular activity and age affect the rate of calcium 
ake by SR. The subsequent changes until maturity are 
nown, In our rabbits the animals in each pair were 
y the same age and this showed no apparent relation 
the rate of calcium uptake by the SR; there was also 
clear difference in their spontaneous musele activity 
ugh the D— animals were weak and hypotonic. We 
sider that the difference in calcium uptake between the 
- and the D+ animals is due to an effect of vitamin D 
ency on the muscle itself rather than on its nerve 
In rats denervation may inerease (rather than de- 
FĂ rate of active ea cn engl by the SR of 




































bits, Te pie a A m ithe rate of calcium uptake 
y be a result of changes in the calcium transport coupling 
, and similar ‘inefficient’ SR has been isolated 
m dystrophie musclet, 

ere are clearly many possible caletum dependent mech- 
ams in muscle upon which vitamin D might have an 
et. Our results provide support. for the inclusion of muscle 
another target organ for vitamin D. 

‘his work was supported by a grant from the Muscular 
strophy Group of Great Britain to RS. We are grate- 
to Dr M. Owen for the D— and D+ rabbits. 


O. B. Curry 

J. F. BASTEN 

M. J. O. FRANCIS 
R. SMITH | 


field Department of Orthopaedic Surgery, 


Received January 2, 1973. 


‘Address for correspondence: MJ.O.F, Nuffield Orth 
entre Headington, Oxford OX3, 7LD. . opaedic 


1 T.CBS, Nature, 245, 180-182 (1973). 
~ Omdahl, J. L., and DeLuca, H. F., Physiol. Rev., 53, 327-372 


3 Smith, R, and Stern, G., J. neurol, Sci, 8, 511-520 (1969). 
- 4 Kodicek, E in Transfer of Calcium and Strontium across 
o, biological membranes (edit. by Wasserman, R. H.) 185-196 
: { Aradeni Press, New York, 1983). 

k P. F „and DeLuca, H. F., Biochemistry, 5, 2201-2207 








Er 61-70 (1968). 
* Martonosi, A., and Feretos, R. J. biol. Chem, 2, 648-658 


è Basten, J. F. thesis, Univ. Oxford (1972). . 

Horgan, D. J, Tume, R. K., and Newbold, R. P., Analyt. 
Biochem., 48, 147-152 (1972). 

re D. L, and Perry, j Ya Biocheng. J., 114, 161-170 


m ® 


s 





tophotombtile: ài assay of ag Tame. and N ewbold?? j 


ymp. quant. 37 
aha, F. d- „ and Ganie J. Nes 
188 + (1968). , New 





Site ‘and mechanism of water vapour 





uptake from the atmosphere i in 
ixodid ticks _ | 


UPTAKE of water vapour + from subsatirated atmospheres has 
been demonstrated in a variety of terrestrial insects and 
mites ‘but. no previous effort to identify the site and mecha- 
nism has been completely conclusive. The tracheal system, 
the rectum and the general body surface have variously been 
proposed in specific studies. . | 

Noble-Nesbitt? found that Seclusion, ‘ot ‘the | anus. of the 
insect Thermobia domestica (Packard) prev rented recoy ery 
of an experimentally imposed body water deficit and he 


suggested that the site of vapour sorption is in the rectum. 


The tick Dermacentor variabilis (Say), however, was not 
impaired in this ability by blocking the anus’. 

The present investigation deals with the site of water 
vapour uptake in the ixodid tick Amblyomma variegatum 
(Fabricius) and considers a possible uptake mechanism. 
Unengorged adults, both males and females, were used- be- 
tween 8 and 20 weeks after eedysis. During this period there 
were no waste products; weight and water content (60% of | | 
total weight on the average) showed no significant changes — 
at constant conditions of 20° C and 93% relative humidity 
(r.h.) This humidity was well above the THUG equilibrium | 
ior (found to be between 80% and 85% rh.) of the 
adults. At 20° C, ticks could be handled without. using, carbon 
dioxide anaesthesia. 

Pee exposed to 33% r.h. and 20° C for 4 weeks ie 

%-19% of their initial weight or 28%-31% of their initial 
sve mass. Subsequently, in groups of 10 A each, the 
following parts of the body were covered with paraffin wax 
(melting point 42° C-44° C): the anus, the complete dorsal 
surface and the mouthparts. A control group of 20 ticks 
remained without paraffin treatment. During the ensuing 
exposure to air of 93% r.h. and 20° C the body water mass 
increased at 3.0 + 0.7% d> in the control ticks, 3.4 + 0.6% 
d-t in those with the nie covered, 3.1 + 0.8% d> in those 
with the dorsal surface covered; those ticks with the mouth- 
parts covered lost 0.3 + 0.1% d of their body water for 
a period of 4 weeks. 

The effect of covering the mouthparts is also evident in 
hydrated ticks in equilibrium with 93% r.h. Of a group of 
20 ticks, those untreated were able to maintain equilibrium 
weight in air of 93% r.h. and 20° C; but those with the 
mouthparts covered lost 0.2 + 0.1% of their body water 
each day during an observation period of 7 weeks. 

To show that the application of paraffin wax and the 
contact between the mouthparts and the applied wax had 
no adverse effects on water uptake, the following experiments 
were performed. In one group of ticks, dehydrated as above, 
only the distal half of the mouthparts was painted with 
paraffin wax such that both the dorsal space between the 
chelicerae and the lateral spaces between the hypostome and 
the chelicerae provided paths between the surrounding air 
and the buccal cavity. 


their body water, comparable with that in the control group, ~ 


gata rate of 29 + 0.5% d> in air of 98% r.h. and 20°. C n 
*When the wax was removed manually from 10- tieks that 





















These ticks were able to increase — 


had suffered loss of weight with their mouthparts sealed no 


ay 4 4 even the Wax cover ee 
softened from the inner surface (perhaps because of ejected 
saliva), gradually detached itself from the mouthparts and 
after o 5 weeks ; could be removed i in one ieee: Accom- 













M are the wax 
the atmosphere 






in LA. vatiegata Te : 
_ That ‘water va : ough the mouthparts 
ain. require blockage 
his. purpose the 
serted through a 
e of the palps. 
jen ends of two 
; mm) such that 
id the rest of the 
en the two tubes 
arts through the 
d paraffin wax. 
losed by parafilm 
[ 3 By injecting the needle 
of a: uierclitre . syringe haal these -parafilm membranes, 
p t "4d of saturated KNO, solution (which provided a humidity 
of 93% at 20° C) was placed on the wall of each glass tube, 
adjacent to but not touching the tiek. The membranes were 
subsequently repaired. After 28 h the drop of KNO, solution 
adjacent to the mouthparts had changed to a moist crystal 
of KNO,, whereas that in the tube containing the rest of the 
body seemed to be unchanged. The possibility that vapour 
i y escaped to the surrounding air was completely 
by holding the assembly in a container over KNO, 
i “This experiment brought the same result when 
repeated with five different ticks, The rate of decrease in the 
the volume of the solution adjacent to the mouthparts was 
estimated to equal in magnitude the rate of net water gain 
from air of 98% r.h. and 20° C that had been measured in 

milarly dehydrated ticks. 
ee “Active uptake of water vapour, either to acquire or to 
E ` maintain equilibrium water mass, takes place through the 
~: mouthparts in the ixodid tick A. variegatum. Since similar 
results have been obtained when these experiments were 
performed on adults of Rhipicephalus bursa (Can. et Fanz.), 
Hyalomma anatolicum excavatum (Koch) and Hyalomma 
schulzei (O1.), it may be suggested that active uptake of 
water "Vapour proceeds through the mouthparts in all ixodid 

ti | 














anid the penetration ‘point of the m 
membrane was carefully sealed with 
is opposite ends s the glass tubes 1 w 



































: e is some- evidence for a significant role of the saliva 
1echanism. of vapour uptake as shown by the follow- 
vations. Severely dehydrated adults of A. variegatum 
ed to 50.6 Æ 11.3% of their initial water mass) 
nave n observed to secrete through the mouthparts a 
ear fluid which accumulated between the hypostome and 
the palps and quickly dried to a white erystalline solid in 
the desiccation chamber, but when these ticks were trans- 
ferred to humidities greater than the critical equilibrium 
humidity the crystalline solid dissolved in absorbed water 
and the liquid was subsequently imbibed. These crystals 
occurred only between the hypostome and the palps and so 
the passage to the mouth remained open. Moreover, the 
clear fluid could be observed in the buecal eavity and the 
salivary ducts of all ticks (regardless of water status) after 
removal of the chelicerae and the dorsal part of the capit- 
ulum. o o 
The crystalline solids, deseribed above, were ‘collected from 
pS the mouthparts of dehydrated ticks and exposed to a series @ 
of different humidities. The substance remained unchanged in® 
dities less than 75%; at 75% rh. it became moist 














*the visual, pathway thdicates that mutual it 




































without dissolving, above 80% rh., doa w 
substantial amounts of water within a few seror 
finally dissolved. Reerystallisation oecured when 
solved substance was transferred to relative humdi 
than 75%. It should be noted that the lower limit 
uptake by the crystalline solids corresponds with the cti 
equilibrium humidity of the species. 
Preliminary chemical analysis of the crystalline subs? 
has identified high concentrations of sodium and y 
anions have not yet been identified, To 
amounts of secretion from the mouthpar 
isotonic solution of pilocarpin was injec ne 
adults which were in equilibrium with 93 
This immediately led to copious salivation = 
obtained was, however, different from that. des 
It lost water only very slowly at low humiditie: 
exhibit the dramatic water uptake at high in 
thermore, it contained an immiscible viscous, 1 
substance which has been described for tieks in + 
with attachment to a host. 
This study shows that active uptake of atmo: 
vapour in ixodid ticks proceeds through the. 
well be related to hygroscopic properties of 
tion, Resorption of the absorbed water could - 
place in the gut, although the remarkable ab 
salivary glands in handling water** should be | 
Further experiments on the uptake of water vap 
are In progress. 
We thank Dr E. Schein, Institut fiir - : 
Tropenveterinirmedizin der Freien Cae si iti 
supplying the tieks, and Professor E, Wiese 
für Anorganische Chemie der Freien Univer 
chemical analysis of the salivary secretion. 
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Is texture-density contrast an inhibitior 
or an adaptation? 


MacKay’s recent experiments on texture-density comtrast 
are an interesting contribution to the current, rags 
literature on ‘feature-specific inhibition’ in the vis 
There have been suggestions, based mainly on r 
evidence, that there is mutual inhibition betwee 
selective for binocular disparity’, orientation®* an 
frequency™. It is known that many neurones in t 
cortex respond selectively to particular values on 
dimensions’~* (as well as others, such as diree : 
ity). Our knowledge of lateral inhibition ae 



















exture density, with inhibition between such units playing 
important perceptual role in enhancing local density 
henta (such as the edge between two surfaces of different 
erial, or at different distances). Before accepting the 
| stence of ‘texture-density contrast’ as an important phe- 
nomenon, however, we must be sure that MacKay’s observa- 
_ tions cannot be explained in terms of known effects, 

-o Successive contrast between gratings or textures of differ- 
ent densities (the ‘spatial frequency shift’) is well docu- 
- mented’ 13, After inspection of one pattern, a subsequently 
viewed finer pattern looks even finer, a coarser one even 
arser- It is particularly important when doing experiments 
sed at showing simultaneous contrast to show that the 
ffeets obtained are not simply the after effects of adapta- 
oe For example, when viewing MaeKay’s demonstra- 
ns’ (Fig. 5 of ref. 1), if fixation drifted onto the baek- 
Sd even for a second or two, an after effect would be 
d when the test pattern was refixated. 

v_himaglf reported that the contrast effect was 
ed by moving the figure up and down while the eye 
| stationary. This of course suggests an explanation 
sof adaptation, as fixation was alternating between 
ċkground and test patterns. Because MacKay pre- 
| no formal data, and little information on viewing 
iditions, it is impossible to assess the likely extent of 
tation in his experiments. 

wning to his demonstrations, the reader is faced with 
difficulties in judging the phenomenon. Fi igure 5a ean- 
roperly be assessed, as it contains a serious artefact. 
outermost lines in the left half of the test grating 
nitaet with lines in the background erating, and so 
are wider! Another error oceurs in Fig. 2a, which 
s three regions of supposedly equal frequency, On 
-a- ruler to it, one finds 8 cycles em in the central 
right-hand regions, but about 8.5 cycles em in the left- 
region, This difference of 6% is in the same range 
1%) as the effect claimed. The reader cannot tell 
her it IS an error in photographie reproduction, or was 
ent in the original display. 

rave obtained reports from several observers, who agreed 
the dot pattern of Fig. 56 gave a noticeable contrast 
ect on immediate viewing, but most were unable to make 
lgment on the random texture of Fi ig. 5e. 

















































wing spatial- ey contrast, ven stimuli very oiar 
MacKay's Fig. 5a. The backg 

h-contrast sinusoidal esting Sve en sf 35 ab: 7 

les per degree. The two test patterns were of much lower 

trast, at 5 cycles per degree, each subtending 1.5° x 1.5°, 

one vertically above the other, separated by a grey strip 
0.25° wide. They were presented in a tachistoscope, with the 
test patterns either both vertical or both horizontal, for 
0.5, 1, or 2 s with instructions to fixate a mark centred be- 
2 tween the test gratings, and to report whether the upper or 

_ lower test) grating appeared to have the broader bars and/or 

ider. spacing. 

[n the first. experiment, the background pattern was left 

nehanged over a sequence of 120 trials for each of four 

ibjects. The result for vertical test gratings was an average 

78% "pore in favour of contrast, while for the horizontal 

st, only 57% (where 50% represented chance). 

Although she trials were brief, specifically to avoid adapta- 

on, I then realised that adaptation to the backgrund could 

re been building up over tris. Fi ive more ues were 

, with 0.5 or 1 s presentations and the backg 

s were interchanged “after. Gach ae te balara out any 

Hal adaptation. The resultssin this series were much more® 
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vious 5 suggestion’; MacKay has proposed 


i type of neurone, responding as a monotonie function exist, w when: ado was ‘properly contro e 


About a year ago, I did some experiments also aimed at. 


ing than after a minute or so of inspection. This ad 





In view of. MacKay’s demonstration with. dot: textures, it 7 


now seems possible that a texture-contrast effect may exist in 


some circumstances. Much more controlled experimentation 
is required, howev er, to demonstrate that it has any general- 
ity, and that it is not due to the after-effects of adaptation 
to the background patterns Of course, the spatial-frequency 
shift (after effect) may itself play a role m enhancing a tex- 
ture discontinuity, but it does not need a new type of neu- 
rone or process to account for it. 

| MARK A. GEORGESON 
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Proressor MacKay REPLIES: Dr Georgeson! could easily have 
disposed of most of his doubts. 
The test strips in my demonstrations of simultaneous 
Space. frequency contrast? had a subtense of between 1° and 
There is no difficulty in keeping one’s fixation on the 
horeontal midline of such a broad strip, yet an effect of about 
10% is then measurable even with Fig. 1, which has no back- 
ground lines at the ends of the strip. Slight vertical oscilla- 





Modified form of Fig. 5a (ref. 2). 


Fig. 1 





tion of the figure enhances but is not at all essential to the ef- 







The effects for some O’s are stronger immediatel 








so St Die jii N: S 
ne a e' A 

What Georgeson describes as a ‘serious artefact’ is easily 
evaluated. With movable test strips, the contrast effect is 
seen regardless of their location relative to the background 
stripes, and Fig. 1, free of the allegedly ‘serious’ artefact, is 
just as effective as my original figure (Fig. 5a ref. 2). 

The distortion of the line-spacing on the left of Fig. 2a of 
ref. 2 is regrettable; but it need not prevent the reader from 
checking the points made, which depend an (i) comparing 
the perceived spatial frequency of the central panel with that 
of either side panel, (ii) observing the effects of masking the 
transition regions, and (iii) comparing Fig. 2a with Fig. 2b. 
(i) Only the left-hand panel was distorted; yet covering over 
this panel as far as the a region (or indeed the whole 
panel) does not abolish the illusory frequency contrast be- 
tween the other two panels. 

(ii) Masking the transition regions, on the other hand, does 
abolish the illusion. 

(iti) In Fig. 26, the centre frequency of the middle panel 
as printed (8.25 cycles cm™*) is still higher than the average 
for the other two panels (7.75 cycles em); yet it is per- 
ceived as matching them when the transition regions are 
visible, and not when they are masked. 

In view of all this, Dr rgeson’s own negative findings 
with different stimuli under different conditions scarcely jus- 
tify his conclusion, 
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Mid-Precambrian prokaryotes(?) from the 
Belcher Islands, Canada 


SrecuLation about the Precambrian biosphere and about 
evolutionary history is slowly being substantiated and modi- 
fied by new palaeontological evidence from many regions. I 
present here more such evidence—a preliminary report of 
the discovery of a well preserved stromatolitic microflora 
from cherty dolostones of the Belcher Supergroup in Hudson 
Bay. This microflora may provide important information 
about the stage of algal evolution about 2,000 Myr ago, and 
about stromatolite genesis. Futhermore, the well preserved 
cellular biofabrie facilitates description of the development 
of primary stromatolitic microstructure permineralised in situ 
by silica, and its subsequent modification (Fig. la) by carbon- 
ate diagenesis into a secondary microfabrie, which is important 
in stromatolite taxonomy. 

This fossil microflora contains the oldest known, well pre- 
served palmelloid algal colonies, and their mode of growth 
and occurrence in stratiform and 'domanl stromatolites confirm 
that non-filamentous algae are important in the formation of 
Aphebian stratiform stromatolites, Cells have well differenti- 
ated morphological details, such as protoplast, cell wall, and a 
laminated envelope (Fig. 1). Moreover, two of the taxa in 
these colonies contain dark inclusions in the protoplast. In 
the Bitter Springs microflora! and elsewhere simildfr structures 
have been interpreted as nuclei, and the fossils as eukaryotie, 


and the same evidence could be used for a similar interpreta-® 


tion of the Belcher material. On the other hand, the dark 





eae, as i ; 

ee es 2 a 
bodies may be Wore Wee? of prokaryotes, or iawn 
a artefacts? of prokaryotes or eukaryotes, or possib 
diagenetic relics. 4 

Microfossils and possible microfossils are already known E 
from the Belcher Islands**. Those reported here occur m 
black chert layers and pockets in laminated, stromatolitie — 
carbonates of the Kasegalik and McLeary Formations m the — 
lower part of the Belcher Supergroup’. These rocks form — 
part of an Aphebian miogeoclinal sequence of sedimentary — 
and volcanic rocks belonging to the Belcher Fold Belt, part — 
of the larger Circum-Ungava geosyncline, the principal phase 
of deformation of which embraces the period of the ter- 
minal Aphebian Hudsonian orogeny. The latest available 
isotopic age determinations’, based on the Rb-Sr whole-rock — 
isochron method (ASRb = 1.39 x 10° y“), meicate a — 
minimum of 1800 Myr for the sequence yielding the miero- 
fossils. Basement is not exposed in the Belcher Islands, but 
correlative units along the Manitounuk-Nastapoka arc to 
the east lie on Archaean basement which is 2,500 Myr old*®. 
The general geology and geological history of the Belchers ; 
has been described by Jackson*-*. A more detailed study of 









the stratigraphy, sedimentology and palaeontology of the 
Belcher rocks is in progress (R. T. Bell and H. J. H., in 
preparation); this should lead to a better understanding: gi A 
the Aphebian record there. 

The new Belcher microfossils were obtained from the | 
upper parts of the Kasegalik Formation on an unnamed > ` 
island at the northern end of Churchill Sound (56°29.5°N — 





Fia. 1 Optical photomicrographs of stromatolitic lamellae 


and microfossils in thin sections from the Kasegalik For- 
mation f the Belcher Islands. Sg a the effects of 
carbonate diagenesis on dark, organic lamellae in the left 
third of (a) with the unaffected parts in silica matrix to 


the right. Magnifications for (b)-(v) are identical, and 
etre ten times that fọr (a). 
e >. 


















| gal iti of the two ‘formation’, vielding the palmel- 
‘colonies illustrated in Fig. 1, is probably: a large sebkha/ 
| flat/shallow basin. complex, as attested by abundant 
tion features, laminated structure and the presence 
e and sulphate casts?. 

node of preservation, level of organisation and palaeo- 
ronmental setting, the new Belcher assemblage compares 
: other Precambrian assemblages such as those in the 
inflint or Bitter Springs cherts, but it is distinguished 
ym them by its relatively small diversity of species. This 
itobably reflects its mature biocoenotic character of uniform, 
: ronmentally restricted algal mats, rather than a lack 
versity ol organisms existing about 2,000 Myr ago. 

he halfidozen. new microfossils and the stromatolites will 
leseribed ial pleg here gs further ee 







adaos aad moit e 15-2 um wide 
t-m long (Fig. 1b and c). (2) Colonial unicells in 
umps; composed of spheroidal cells averaging 2 pm 
meter, with single dark inclusion and without envelope 
}; some cells show evidence of division. (3) Com- 
erent colonial clusters and crinkled, pustulose 
. layers composed of ellipsoidal to ovoidal cells 
ll differentiated protoplast, 3-5 pm in diameter, 

clusions 0,5 wm across, cell wall, and a thick sheath 
may be laminated around: some cells and with an 
l form which is polyhedral because of close packing. 
mycetopsis-like tubes 3-4 um across, possibly repre- 
empty sheaths of filamentous “algae (Fig. 1). (5) 
-like trichomes less than 1 am across and up to 
“more long, made up of a chain of dark spheroidal 
Fig. 1k and 1). (6) Filaments composed of a chain 
< bodies 1- pm across, surrounded by a sheath 3-4 
meter. (Fig. Im-o). This type may represent. more 
omplete individuals composed of forms (5) and (6). 
he -biologieal affinities of these fossils are not known, 
gh an algal origin for the colonies seems the most 
ble. Nor is it established whether the different uni- 
lar types are really different: organisms or whether two 

Ore represent different ontogenetic or degradation stages 
ne same species. 

} or interest are Ari types 3 eth dark ald ae 




































af iy with | une nigra. of 
: ‘ion have been reported from the 
ebian* 1h, Nevertheless, it is possible that the evolution 
arger, chlorophytie algae with normal eukaryotic organisa- 
cton began with the dlevelopment. of. nuclear bodies and 
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Erratum 


Unfortunately during preparation for the printer the axes of 
Fig. 2 were wrongly labelled in the letter “Ion fluxes in disk 
membranes of retinal rod outer segments” by W. T. Mason, 
R. S. Fager, and E. W. Abrahamson (Nature, 247, 562; 1974). 
The corrected figure is now shown. 
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Fie, 2 Laghtznduced. calcium release by sonicated bovine 
photoreceptor membranes over a time course of 120 s bleach- 


ing. Filled circles indicate percentage of Ca?* in the ex-- | 
tradisk | space and open circles the percentage of Ca in aan 


the intradisk space. 














Solid state 


. Theoretical Solid State Physics. By W. 
<. Jones and N. H, March. Vol. 1, Perfect 
` Lattices in Equilibrium: pp. xvi +680; 





vol. 2, Non-Equilibrium and Disorder: 
pp. xv-+681-1301. (Interscience Mono- 
= graphs and Texts in Physics and As- 


tronomy. ) (Wiley: London and New 
September 1973.) Each volume 









a a By R. J. Elliott 
and A. F. Gibson. Pp. xx+490 (Nature- 
Macmillan Physies Series) (Macmillan: 
London and Basingstoke, February 
7 £5. 25: 





(wo new ane ne which 

u “are not already available. 
The two volumes by Jones and March 
give a comprehensive coverage of a large 
area of theoretical solid state physics 

and are directed toward professional 

_ theoreticians and postgraduate students. 

t ontrast, the book by Elliott and 
Gibson is aimed at the undergraduate 
in the general area of material science 
and brings together the theory of solids 
and device applications, 

The first volume of Jones and March 
< includes band theory and erystal sym- 
metry, collective effects in solids, lattice 
waves, spin and orbital magnetism, in- 
~~ teractions of particles with a crystal. 

The second volume covers transport, 
optical properties, superconductivity, 
rolarons ae excitons, defects and dis- 










> $ pa as more 
: ant current research papers. Tech- 
niques of many body theory are intro- 
duced in the text and developed m 
appendices, the fullest discussion being 
centred round the Coulomb interaction, 
- though interactions involving phonons 
are also treated. The consequences of 
- symmetry are also extensively discussed 
and an 83-page appendix on group 
theory i is provided. 
The chapter on band theory, typically, 
k bridges the gap nicely between the 
limited treatment of a single volume 
treatise and the specialised monograph. 
Inevitably, for some sections, readers 
will prefer other texts. For an introduc- 
tion to plasma effects and the electron- 
phonon interaction, Í find Pines’s Ele- 











mentary Excitations in Solids clearer, 


although the present work does, with 


advantage, include detailed many body 
theory. Regarding the electron-phonon 
‘interaction, Pines’s initial general survey 
establishes greater unity than the present 
“separate 


discussions under phonons, 
transport and superconductivity. 

A nice perspective is developed in the 
chapter on magnetism. The starting 


point is the general interacting electron 


Hamiltonian which leads to a study of 
the Heisenberg and Hubbard models and 
a clear appreciation of the approxima- 
tions involved. The discussion of spin 
waves and magnetic phase transitions 
relates to neutron scattering theory 


which appears in the useful chapter on 


particles as probes for the study of 
solids. 

Some topics have of necessity been 
omitted (polariton theory is one), and 
others chosen for only brief coverage: 
for example, infrared absorption under 
optical properties and the Kondo effect 
m the chapter on disorder. Otherwise 
this chapter is a full survey of a wide 
field of much recent activity. 

This work, an extensive account of 
present understanding of solid state 
theory, 
literature. The authors are to be com- 
mended for undertaking this mammoth 
task. 

The opening two chapters of Elliott 
and Gibson discuss basie ideas of crystal 


structure and excitations. The reciprocal 


lattice is dealt with only briefly and the 
beginning student may need to refer to 
a more discursive text. The next two 
chapters cover lattice vibrations and 


electrons in bands, The basic theory of — 
lattice vibrations is introduced, followed 
by neutron scattering results for various 


erystals, starting with the ‘simple’ rare- 


gas crystal and developing through more 


complicated types. The classification and 
comparison over a short space is partic- 
ularly effective. Being of major impor- 
tance in applications, the fifth chapter 
treats imperfections in some detail. 

A survey of photon absorption over 
the range 10°-10-? eV in the section on 
optical properties puts the various ab- 
sorption processes into perspective. The 
chapter finishes with optical emission 
and non-linear optics. The following two 
chapters deal with optical and® miero- 
wave properties of free carrieas, and 
trfnsport which includes superconduc- 
tivity and its applications. The ninth 
chapter i is entirely device oriented (semi- 


conductor junction gevices) and the 
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is a valuable addition to the 










































book concludes with — 
tions of magnetic r 
and answers are pre 
Many students » 
demanding because of H 
presentation of some I 
it is unlikely to rep 
those of Kittel or D 
teaching souree, althor 
be used widely in conju 
On the aan hand, — 


theory 


may eee ‘to. oe 
lineation of some of the © 


Unicellular evkary: 


Protozoolegy. By Kar! 
vin+554. (Springer. 
New York, 1973.) 107- 
In former times y 
sidered to be a suite 
students could be introd: 
presumably becatise, bëin g 
animals, protozoa were th 
simpler than so-called hi 
and from an evolutic 
view they seemed primitiv 
courses describing many 
tozoa were commonly . 
number of solid textbooks 
able, mainly in Germar 
of course, of @ ta 
all that. is changed anc 
courses treat i oa ; 
Protozoa are, however, po 
jects of study from a numbe 
of view. They provide adni 
perimental material for ma 
work, in genetics, nutri 
behaviour, and so on, 
the advantages of bei es 
also of being un 
that is, basically ti 
higher organisms. T 








‘hey can be 
models for the fornrulation ar 
mental testing of theoretical = 
cell organisation involving nucle, 
ous cytoplasmic components 
external surface. Finally, ac 
cause exceedingly unpleass 
some still very common anda 
controlled in large regions of ¢ 
The book by Kart Grell is, 
very welcome as it is the i 
attempts to diseuss the 
modern context. Only abot 
ds given eto taxbnomy, thy 


* 











ally a a peny à Enee 
ortment of different types of study 
n extraordinarily diverse collection 
rganisms. 
ie excellent section on genetics, for 
iple, is based mainly on studies 
ith Chiamydomonas and Paramecium 
and`ineludes a great variety of topics. 
The only feature which stands out is 
— the relatively large amount of atten- 
_ tion given to non-Mendelian heredity, 
involving chloroplasts, mitochondria, 
kappa particles and other odds and 
is, A particularly detailed account of 
-on Foraminifera is given, reflect- 
he special interests of the author. 
he other hand, important parasitic 
ZOA, such as the malaria parasites, 
panosomes, Leishmania and so on, 
to pt ‘rather less attention than 




















gök ‘is extremely well printed 
eautifully illustrated, and can be 





be grateful to the author for 
ng the book in their language, 
aon versions were in a 









Planetary I onospheres. By 





‘Chemistry in Space: vol. 6.) 
nger-Verlag: Berlin and New 


, 1973.) 78 DM; $35.10, 


Bauer has worked in the field of 
notary _Jonospheres — for more than 
er TS. Working at the NASA 

ce Flight Center he has 
a} seéciated- with many of 
the tocent developments. i in the subject. 

lis book, intended as an introduction, 
develops logically from a discussion of 
neutral atmospheres, ionising radiations, 
chemical processes and plasma trans- 
port. — 
_ pattern of many recent books on iono- 
spheric physics. It differs from these in 


























ssion to the planets, particularly 
ars, Jupiter and Venus. The space 
oted to the other planets seems to 
elated (quite reasonably) to the 
ness of their atmospheres. 

In later chapters Dr Bauer discusses 
odels of planetary ionospheres, wave 
pagation and experimental tech- 
ues. The treatment of the last two 
jects is rather synoptic and the 


afford i it. Tori aE 4 readers 


auer: Pp. vili+230. (Phys- - 


In this respect it follows the 


that at each stage it extends the dis- 


dent may find it neeessary fo consult 





‘Mariner spacecraft. It is perhaps sur- 
prising that. only nine pages are devoted 
to the discussion of these interesting 
results. 

This book has many excellent qual- 
ities: the diagrams, tables and general 
layout are attractive and there is a 
comprehensive list of up to date ref- 
erences. The author is familiar with 
the Russian literature and his ex- 
planation of some of the Russian termi- 
nology will be useful to many. It has 
become standard practice in the United 
Kingdom to use SI units in scientific 
texts. Dr Bauer uses a mixture of ¢.g.s. 
and practical units but I found this 
ho great disadvantage. 

The author intended his book “to be 
an introduction to the subject for a 
new generation of space scientists and 
a compendium for the old”. In my view 
he has been largely successful. But even 
at today’s prices fifteen pounds is 
inordinately expensive for a book of 
230 pages. 

A. R. W. HUGHES 


Atomic time 


The. Measurement of Frequency and 
Time Interval. By L. Essen. Pp. v+55. 
(National Physical Laboratory: Ted- 
dington, December, 1973.) £1. 


THe rapid development of inereasingly 


precise methods for the generation of 
specific (atomic) frequencies and their 
measurement has had a resounding 
impact on a vast range of theoretical 
disciplines and practical applications. 
Accurate control of frequency is a funda- 
mental requirement of radio and it makes 
possible, for example, the Doppler 
measurement of rate of change of dis- 
tance required in navigation and space 
research. Since 1967 the SI unit of time 
has been defined in terms of the fre- 


quency of a particular transition of the 


caesium atom, thus giving rise to the 
integrated reference time scale of Inter- 
national Atomie Time (TAI), obtained 
by the continuous summation of time 
intervals deduced from measures of fre- 
quency. Coordinated Universal Time 
(UTC), an approximation to UTI (or 
GMT) and which differs from TAL by 
an integral number of seconds, is now 
the basis for civil time in most of the 
world; it provides direct synchronisa- 
tion to about a millisecond, but indi- 
vidual atomic clocks may be compared 
with much higher precisions (tens of 
nanosggonds) making possible, for ex- 
ample, the almost. direct verificatior® of 


the predicted relativistic dependence of 


and gravitational 
\ rather more practical appli- 


clock rate on speec 
potential. A 


‘the Baile | principles and prac it lap fis o 
cations of the use of atomie transitions _ 
(or spectral lines) as standards offre- 


: s..electron, density. profiles | 
for Mars ‘and: Venus measured bye the 





quency. The treatment is simple and 
straightforward; the descriptions of the 
methods used at the National Physical 
Laboratory, given with explanatory 
diagrams and photographs, are excep- 
tionally clear even to a layman in the 
field. Determinations of precision and 
stability are fully covered. Understand- 
ably the main emphasis is on the caesium 
definitive standard, but Dr Essen also 
covers working standards (commercial 
standards, which are portable, are now 
available with precisions of the order of 
l part in 10"*), standard frequency radio 
transmissions, and the techniques of the 
comparison of frequencies. His final 
chapter is devoted to the design and 
performance of resonance (particularly 
cavity resonator} frequency meters. It 
thus provides invaluable background in- 
formation for the many concerned with 
the applications of these fascinating 
developments. But it seems that much 
of the text was written in 1972 so that 
those more directly interested in the 
latest work, especially at laboratories 
other than NPL, should refer to the 
technical journals. 

Dr Essen devotes one short chapter 
to atomic and astronomical time, and 
refers briefly to the modified form of 
UTC introduced as from January 1, 
1972. Although he refrains from saying 
so, it must now be generally agreed that 
the adoption in 1956 of the ephemeris 
second as the SI unit of time was a 
grave mistake: the astronomers were 
over-optimistic as regards the practical 
and theoretical difficulties of its deter- 
mination, whereas the physicists were 
not agreed as to which of several possible 
atomic transitions should be used as the 
standard. Apart from confusion and 
change, the second of Ephemeris Time 
(introduced purely as a theoretical as- 
tronomical time scale) is not an approxi- 
mation to the current value of the sec- 
ond of UT (which varies with the speed 
of rotation of the Earth), so that the 
preservation of its value mn the 1967 


rate of departure of IAT from UT. This 
has perhaps led Dr Essen to imply that 
the introduction of. leap-seconds into 
UTC on the preferred dates of 30 June 
and 31 December would enable the modi- 
fied time signals to be maintained within 
+0.7 s of UTI—so drastically contra- 
dieted on January 1, 1973. 

In spite of this misunderstanding (due 
mainly to the shortcomings of CCIR 
Report 517) Dr Essen has a right to be 


proud of his contributions and of his. 


readable and informative monograph. 
D. H. SADLER 















“Selectivie J nhibitors a Viral i pickin 
Edited by William A. Carter, Pp. 376. 
(CRC: Cleveland, Ohio, 1973.) $39.95. 


Ir is the opinion of many animal virol- 
ogists that, with one or two isolated 
exceptions, the successful treatment of 


virus diseases with specific anti-viral 
drugs is a subject which falls into the 


pipe-dream category. Optimists can be 







thor: work oa defines him- 


He bas . nadenitted her a edar of 
reviews concerned with both laboratory 


and clinical aspects of specifie anti-viral 


agents together with accounts of host 
reactions to viral infections and of im- 






mes The ‘atid recovery process "from 
acute viral infections is dealt. with com- 
prehensively and concisely by W. E, 
Stewart. He clearly points out that it 
is still dif iffieult to assess the relative im- 
cira lating antibody, cell- 
ate munity, interferon, and non- 
- specific defence mechanisms. In the 
chapter on immunisation against viral 
infection, L. W. Marshall briefly dis- 
cusses theoretical aspects and deseribes 
the viral vaccines and passive immunisa- 
tion. procedures currently used in hu- 
man medicine, 
gine Be speculative article “Active Sites of 
j ithe Animal viruses: Potential Sites of 
“Specific Chemotherapeutic Attack” by 
W. M. Mitchell follows. I feel that this 
author’s enthusiasm has rather carried 
him away from reality, and that non- 
_ specialist readers might imagine, for ex- 
- ample, that the synthesis of biologically 
active human interferon by solid-phase 
“methods was just around the corner. 
This impression, is, however, corrected 
by a chapter on interferon structure by 











R. Weil and F. Dorner. Other chapters 


on the effects of interferon, the molecu- 
lar requirements for interferon induction, 
interferon induction by pol) ynucleotides 
and non-nucleotide interferon inducers 
are contributed by E. De Clerq and 
Stewart, M, D. Johnston and 
Burke, A. K. | field and E. De 
respectively. It is apparent that 
one of the most important aims of inter- 
fe feron research—its purification to homo- 
geneity—is proving an int ractable prob- 
Ta 

The remainder of the book is con- 
cerned largely with synthetic and semi- 
synthetic : anti- veal compounds and anti- 















Chien, F. M. Schabel , ad C. A. Alford, 
and J. Sugar and H. E. Kaufman, and 
comprehensive accounts of the anti-viral 
properties of thiosemicarbazones, guani- 





POR rifamyci 


, however, and the editor of this 


enoid pigments and 


in SV da par 
streptovaricins are given by W. Levin- 
son, L. A. Caliguiri and I. Tamm, B. 
Moss, and D. M. Byrd and W. Carter. 
The book concludes with a short article 


by P. M. Pitha on the possibility of 


inhibiting virus growth by the use of 


. viral genome analogues. 


The quality of the contributions in 
this volume is generally high, although 
one or two early chapters show evidence 
of sloppy proof reading and reference 


checking. The book can be recommended 


as an up to date account of its subject, 
the comprehensive bibliographies which 
conclude most chapters being particn- 
larly useful. 

T. H. PENNINGTON 


Food for ruminants 


Chemistry and Biochemistry of Her- 
bage. Edited by G. W. Butler and R. W. 
Bailey. Vol. 1: pp. xx+639; vol. 2: 
pp. xii +455; vol. 3: pp. xii+295, (Aca- 
demic: London and New York, October 
1973 and ga Pn 1974.) Vol. 1: £12; 
$36; vol. 2: £8; $25; vol. 3: £6; $17. 


THEsE volumes provide for the first 
time a comprehensive source of informa- 
tion on the chemistry and biochemistry 
of herbage defined as plant material ex- 
eluding seeds or roots grown for feed- 
ing herbivorous animals. 

Chapters 1-11 deal mainly with or- 
ganic constituents of plants, free and 
bound amino acids, amines and ureides; 
proteins and nucleic acids; non-struc- 
tural carbohydrates; structural carbo- 
hydrates; lipids; plant phenolies; lig- 
nin; alkaloids; cyanogenetic glycosides 
and glucosinolates; chlorophyll, carot- 
sterols; forage 
saponins. Most chapters follow a simi- 
lar pattern describing chemical nature, 
classification, extraction from tissues and 
estimation of these compounds, amounts 
present in plants and their component 
parts, biosynthesis and amounts of com- 
ponents, for example amino acids in 
proteins and fatty acids in lipids. 

Perhaps it would have been more 
logical to include chapters 1 and 2 of 
volume 2 on vitamins, and water in 
herbage, in volume 1, and chapters 12 
and 13 in volume 1 on mineral com- 
position of herbage and nutritional as- 
pects of soil ingestion by grazing ani- 
mals in volume 2, along with four 
chapters on mineral absorption and 
composition of herbage, mineral bio- 
chemistry of herbage, organic acds and 
their role in ion uptake, and eycling of 
minerals in ecosystems. è 

Commendably, a good deal of atten- 
tim h&s been given to linking treatment 
of subject matter, for example in the 
above chapters $n minerals, and in 
chapters on physiology of light utilisa- 


sty 88, 


even standard of treatment is 






















and” orga Le Vee 
growth. Further hace pters in 
synthesis, 
legumes, ‘the e eye y 
ecosystems and genetic variat 
bage constituents, this last 
ing a fitting end to volume “ 2 
to y oe 3, W cone 


iG to panne bow 
performance, 

The more applied chap: 
deal with conservation | 
and silage, leaf protein as 
human foodstuff, diges 
by ruminants and other h 
spa neta of he bage a 















































tion to ‘he: produe n 
fed rurmmant that 
including the effeets of 
and metabolic diseases. | 
Advanced students, teacher: 
search workers will find here i 
able source of information, for 
on assessment of methods of © 
of compounds from tissues, 
where, because of paucity | 
on herbage plants, 
made to non-herbage ties 
ing to the need for fur 
Examples of this are the 
biosynthesis of lipid cor 
spinach, chorella and bas 
studies of isolated celh 
and commercial fibres, 
sume that im vive To 
conversion of carbol 
and stems are prob: 
in seeds and tubers, 
protein synthesis m7 
tially similar to the m 
out for bacteria and W 
Attention is constantly to 
need for further research, for. 
in comparing information availa 
temperate and tropical herbaj 
the search for methods of mea: 
nutritive value of herbage. 
An attractive feature of ti 
that agronomists and plant 
find useful biochemical tre 
several subjects such as 
ruminant digestion, brochen 
limitless avenues for researc! 
ruminant, the ultimate ber a 
frequently brought imto the petn 
worthwhile attempt, attended 
siderable success, has 
bridge the all- too-wide gay 
quently sepatates pure troet 
workers in e sele 
On the whole the werk 
and, bearing in mind the dis 
of topics covered m what a 
most part, review chapters 1 
priate Hsts of references, 
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| ad ‘the pae npea and little 
stency in description of symptoms 
eficiencies of individual. vitamins. 
n, although commendable efforts 
been made to take examples from 
ny countries, this has not always been 
achieved: in chapter 27 all tables of hay 
composition are taken from the United 
States. 
The volumes are attractively pro- 
: duced and the text contains few typo- 
phical errors. Minor blemishes noted 
volume 2 include reference to “some 
ral, possibly pectin” (page 110) and 
i ssion on page 119 ae 





























W. M. ASHTON 


MR for enzymes 

ar Magnetic Resonance in Bio- 
ry: -Applications to Enzyme Sys- 
By Raymond A. Dwek. Pp. xviii+ 


Clarendon: Oxford; Oxford Uni- 
a y sondon, December 1973.) £8. 


ng the past ten years many 
apts have been made to apply nu- 
“magnetic resonance (NMR) teeh- 
es to problems of biological inter- 
and the subject has reached the 
re when a comprehensive textbook 
required to summarise and appraise 
advances in this area. Thus Dr 
rek’s book is opportune and is all the 
are welcome because this first compre- 
sive text on the subject i is also a very 
jod book, 

n the chapters devoted to protein 
peetra, protem-ligand binding and the 
se of paramagnetic probes in such sys- 
ms, the book indicates the extent to 
hich NMR spectroscopy can be used 
» obtain three-dimensional structural 
formation in enzymes, to identify 
inctional groups inv olved i in enzymatic 
reactions and to investigate the role of 
etal ions and coenzymes in enzyme 
stems. Dr Dwek’s book attempts to 
provide a balanced view of the useful- 
ness of the NMR technique in some of 
-these areas by considering both its pos- 
_ sibilities and limitations. 

Adequate background NMR theory 
is given to allow for the understanding 
the many applications considered. 
mphasis is given to the theory of re- 
laxation, exchange and paramagnetic 
shifts and relaxation because many of 
ie more ‘successful applications rely 
eavily on these aspects of magnetic 
ssonance. Fortunately, Dr Dwek’s re- 
arch interests are in these areas and 
s is evident in his authoratitive cov- 






























paramagnetic metalse and —spin-label 
, + 


rage of relaxation effects related to 


- trum ne 2 Tti is re ae i 


Itis a pity that the ieee on pro- 
tein NMR spectra was not introduced 
with a detailed section on amino acids 
and peptides. The problems encountered 
in trying to determine conformational 
information for small peptides would 
have put into perspective Dr Dwek’s 
statement that “in principle, it should 
be possible to obtain from the spectrum 
the complete structure of a protein in 
solution”. 

The chapter on carbon-13 studies 
neglected to indicate the potential for 
studying strongly bound ligands in slow 
exchange (using 1C enriched ligands 
to overcome the protein background 
spectrum) and also the advantages of 
studying 1°C relaxation times. 

These are however relatively minor 
criticisms of an excellent book which ean 
be recommended to anyone interested 
in learning more about enzyme systems. 

J. FEENEY 


Echo technology 


Radar, Sonar and. Holography. By Win- 
son E. Kock. Pp. xvi +140. (Academic: 
New York and London, December 1973.) 
$9.50; £4.45. 


Tuts book is intended to introduce high 
school and college students to the teeh- 
nology of radar and sonar, the principles 
of holography, and the impact of holog- 
graphy on echolocation. Its explanations 
successfully avoid the use of mathemat- 
ical concepts or formulations. The open- 
ing chapters introduce waves, coherence, 
interference, diffraction, near and far 
fields and zone plates, radiators and col- 
limators. But the author does not, for 
example, derive the diffraction beam- 
width of a slit from interference between 
its left and right halves, or explain the 
Rayleigh distance as the intersection of 
the near-field projected aperture and the 
divergent far-field beam. 

Next the book outlines the principles 
of echolocation, and gives examples of 
conventional radars and sonars. There is, 
however, no mention of surface ducts, 
self or radiated noise, reverberation, or 
the uses of Doppler in sonar. There is 
a chapter on Doppler radar, but. the 
Doppler effect is not explained. Though 
no reference is made to normal pulse- 
Doppler radars, dual-frequency systems 
are mentioned—without indicating that 
their Doppler effect is determined by the 
difference frequency. 

Next the book 
chromatic optical, 


introduces mono- 


the zone plate. This leads on to syn- 
thetic-aperture side-f:anning aircraft ra- 


e dars, which are well described by analogy 
+ 


bd 
+ 


vantage, have been ‘explained in term ; 
-of reciprocity and symmetry, The ue 
_of coherent opties to synthesise the high- 






acoustic holograms, 
lucidly explained as a generalisations of 











resolution near-field radar picture 1s 
clearly delineated. 

Thereafter the author introduces some 
rather dubious material: he implies that 
large-aperture real arrays are a special 
case of sy nthetic-aperture systems, and 
have become possible only with the ad- 
vent of holographic processing. He sug- 
gests that the number of elements in 
a given array aperture can be reduced 
without loss. (A reduced hologram can 
cover the same total picture, but only 
with an appropriately reduced resolu- 
tion and/or contrast.) He fails to equate 
the gain from a synthetic-aperture end- 
fire system to that from a conventional 
coherent Doppler integrator; indeed 
there is no reference to the equivalence 
of coherent integration in the space and 
time domains. After recognising the 
equivalence between moving target in- 
dication (that is velocity null genera- 
tion) and end-fire directivity (that is, 
rearward directional null generation), the 
author spoils it by stating that MTI 
is restricted to targets moving directly 
towards the radar. 

The book describes pulse compression 
—but fails to distinguish between power 
and energy, or to indicate how ‘chirp’ 
frequeney modulation is handled in praec- 
tice. The elegant technique of ‘zone- 
plate’ amplitude modulation for optical 
pulse compression is explained, but not 
the more usual pseudo-random modula- 
tion and correlation detection, In dis- 
cussing phased-array systems, the author 
extols holographic techniques for re- 
ceiver beam forming, without reference 
to the range dimension (echo delay), 
within-pulse scanning, real-time process- 
ing, or adaptive beam steering. 

Though open to such criticisms in de- 
tail, the book is very readable and well 
illustrated. It gives clear concise ex- 
planations of some modern concepts 
which are not well covered in popular 


technical literature. There are a few 


slips in proof reading, editing, history 
and theory—but probably no more Tonn 
usual. 

I feel the link between nutes ae 
echolocation has been overemphasised. I 
would also have opted for a less catho- 


lie coverage of ‘with-it’ technology and 


assorted applications, to make room for 
more explanation of physical principles 
and practical constraints. But this may 
merely reflect my preference for a book 


aimed at a somewhat more sophisticated 


readership. The author has probably met 
his own objectives.and those of his senior i 
high school readers well enough. 


RALPH BENJAMIN 














J Calibration of kho, 
-radiocarbon time scale 
Sim —The recently published paper by 
Clark and Renfrew? on calibration of 
radiocarbon dates is the latest in a 
series. on this topie?-® by archaeologists 
who are rightly concerned by the un- 
— certainties now involved in interpreta- 
tion of data. Central to those papers 
has been the attempt to ‘smooth’ the 
5 ` bristlecone calibration curve of Suess? 
to negate ‘kinks’ and thereby ease 
interconversion of radiocarbon and ceal- 
endar ages. Here I sound a cautionary 
on Such. practices and question 
of the "smoothing | methods. 














st istia. temus o by 

4 e various authors. The issue in ques- 

tion is the overworking of experimental 
data. There is little doubt that the 
methods employed are justified neither 
by the quality of the 1C results nor 
by the present understanding of MC 
geochemist ty. 

The key issue is centred on the vital 
difference between the absolute accuracy 
and analytical precision off the “C 
measurements which comprise the 
bristlecone pine calibration curve. It is 
important to consider the mequality 

© of these parameters. The error terms 
| n, with uC data are derived 

ssentl from the statistical “C 

alone, To assess the 
he ane ve ul rements, 








see a “a precise. measure of 
atmospherie “© levels during wood 
growth? 

~ (3) Can experimental unknowns, such 
as counter behaviour, contamination 
p 3o human error, standardisation 
and half? life uncertainty, be totally 





neglected? Furthermore; are systematie 
differences between 


"o laboratories 






yet be no “ideal 
ean, however, be. made: 


(1) At the extreme altitudes where . 


the Bristlecone Pine grows, the ambient 
cosmie ray neutron flux is approxi- 
“mately one order of magnitude higher 








answer, " Comment l 


than at sea level. Since these neutrons 


are the source of 14C through the re- 


action n + “N — “C + p, it i 


feasible that bristlecone pine wood. 
could be non-representative of normal 


organie material. Whether through in 
situ 1C production or variable atmo- 
spheric mixing, bristlecone pine C 
levels could experience localised effects. 
Furthermore, there is already pre- 
liminary evidence that atmospherie 14C 
levels may be latitudinally dependent. 
Thus Jansen? and Lerman et al.® have 
observed depletions of 0.5% to 2% in 
14 concentrations of southern relative 
to northern hemisphere wood. 

(2) It has been shown with fair cer- 
tainty that some chemical components 
of wood can be transported between 
tree rings®. Cellulose is chemically the 
most inert constituent of wood and, 
to minimise cross contamination, should 
be selected for precise C analyses. 
Perhaps due to the limited size of sam- 
ples, the major American laboratories 
engaged in time scale calibration do 
not take this precaution. 

(3) It would be unrealistic to imagine 
that either systematic differences be- 
tween laboratories or occasional freak 
results within one laboratory do not 
oecur. There are many potential causes 
of such deviations, 

The factors diseussed here cannot be 
quantitatively assessed at present be- 
cause of incomplete evidence. Only fu- 
ture research can clarify the situation 
and, for this reason, independent cali- 
brations of the radiocarbon time seale, 
such as now being developed at Queen’s 
University, Belfast, are of major sig- 
nificance. In the meantime a realistic 
approach to the available “C data is 
essential. In other words, besides the 
analytical error reported for each bris- 
tlecone pine 1C analysis, there exists 
a further major error term to be con- 
sidered, At present we cannot quantify 
it. Nevertheless, in view of the geo- 
chemical aspects of the factors men- 
tioned, it would be unwise to attribute 
a degree of absolute accuracy less than 
+ 2%, (2¢) to the bristlecone calibra- 
tion curve (unless the archaeological 


specimen in question is a pinewood sam- 


ple from an American mountain top and 
is pretreated and analysed by Stfess). A 


| 1% % error in “C content correspends to 
so thate 


a ‘Yadioearbon age error of 80 yr 


including reported, analytical errors, it 


“seems at present 4injustified to attrib- 
ute an accuracy of legs than + 200 yr* 


e 





one such anon aly i 
It is questionak | 
























































to the calibration curve: Ina 
the curve should be i 
line but as a probabil 
erable spread (400 y 
approach a realistic i 
be performed. Admitte: 
the calibration eurve 
duced but this is the re 
no mat hematical man 
obseure. | 

Finally, T note the 
proach of Suess, iz 
by hand, is i 
to smoothing 
Our need at 
of the limits of 3 
an increased avail 
Smoothing operat: 
rendering the expe 
are contrary to thi 
dition, given the- 
herent in the ex 
son for sophisticat 
may well exist. T 

















this time it is öbjective t y 
out. 

So I urge patience and restrait 
bration, if performed at a 
be as quantitative as 
There can be no 
delusion that mi jo 
exist. Over interr 
ae curve for s 

s, for the time 
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ed”, But. hecorditig’ A to S Fie 2 of 
all but two of the l4 Egyptian 















00 BE ada uC dates that are less 
cent than indicated by the curve shown 
the bristlecone pine, on average by 
e or two centuries. Consequently the 
tistical conclusion is difficult to ac- 
+ this viewpoint was put to one of 
uthors of ref. 1 by McKerrell at the 
Oxford Archaeometry Symposium, 
port of his contention? that the 
‘one pine calibration is not con- 
‘with the Egyptian data; but no 
nation of the apparent paradox was 
offered. 
lose inspection of the figure gives 
pla m, In the period 2100 sc to 
sa substantial seals: 





Mae points Gis were “used 
ah ER sis; this difference 


ats ea ae Saco on ie bfatlcoone 
curvet confirms that there are dif- 
nees between the two sets; since 
h sets origmate from the same mea- 
ments one must presume that cor- 
jons have been applied to one set 
nich have not been applied to the other. 
the absence of other indications it 
ms reasonable to accept the published 
a rather than the unpublished. It is 
-relevant that using either of the 
istlecone pine curves put forward by 
e Pennsylvania’ and Arizona? radio- 
rbon laboratories {which incorporate 
e Suess data with later measurements) 
e Egyptian C dates shown for ~ 
000. nc are. still significantly less recent 
n bristlecone pine *C dates, though 
not quite so much. 
eo Yours faithfully, 
M, J. AITKEN 

Research Lape y for Archaeology, 
Oxford University, 6 Keble Road, 
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Ok gon, I. U), Plate I (Wiley, New 
York, 1970). n 
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-6 Damon, P. T “Lond. A., and Wallic 

E. I, Proc. Sth Int. Conf. on ‘Radio- 
carbon-dating, Lower Hutt City, 
(edit. by. Rafter, T. A., Grant-Taylor, 
T.), 45-59 (R. Soe. New Zealand, 1973). 


Drs CLARK AND RENFREW REPLY: We 
agree with many of the points made by 
Baxter and in a paper now in the press! 
discuss the substantial statistical prob- 
lems involved in constructing an ade- 
quate calibration curve from the data 
available, But the construction of a 
calibration curve was not, as Baxter 
seems to imply, the purpose of our 
recent paper”. Instead an evaluation 
was sought of the general applicability 
of the bristlecone pine data and their 
associated radiocarbon dates. The radio- 
carbon dates obtained from dendrochro- 
nologically dated bristlecone pine sam- 
ples qan match radiocarbon dates n 
tian ale cay if er answers 
could be given to his three questions: a 
precise equivalence would give exactly 
the independent corroboration which he 
is seeking. In fact, although the two sets 
do not contradict within the limits of 
their associated errors, the match is an 
inexact one because of the magnitude of 
those associated errors. 

There should be no question here of 
overworking experimental data. The pro- 
cedure used was to present, apparently 
for the first time, a formal analysis of 
the consistency of the determinations 
from different laboratories, working al- 
ways through a consideration of the 
measurement errors involved (both as 
reported by the laboratories themselves, 
and as established from replicate anal- 
yses}. Is this not in faet the only ac- 
ceptable way of comparing two imde- 
pendent data sets? 

The geophysical problems which Bie 
ter indicates are not new, and will only 
be answered by statistical analysis of 
existing data and by the gathering of 
new data in such a way that it will be 
susceptible to statistical analysis. He 1s 
certainly right to stress that the appro- 
priate form of the calibration curve is 
not yet clear, and that an error of per- 
haps £200 vr is to be associated with 
the curve’, 

Aitken is correct that the data pre- 
sented by Houtermans and by Suess 
are not m precise agreement: we chose 
to use the former because they were 
more recent and did not have to be read 
from a graph. Aitken’s reference to 
Fig. 2 of our paper is not, however, te 
the qirves used by us to compare the 


bristlecone pine and Egyptian datas but 


to Suess’s original curve presented there 

for purposes of corgparison only. If the 

data points of Fig. 2 2 are compared with 
® 





af If the hypothesis. 


tron curve) is correct’. <p BES, 
roughly half of the data: points to Hie 
below this line. Inspection of Fig. 2 
shows that, between 2200 and 1800 BC: 
(i) 5 of the 14 Egyptian points are 
below this line; Gi) 10 of the 19 bristle- 
cone pine points are below this line. 

Such a distribution of the 14 Egyp- 
tlan points is not unusual; the proba- 
bility of five or fewer points out of 14 
being below the line is about 0.20 (from 
the Binomial distribution), so that there 
is no reason to doubt on this basis that 
the Egyptian points satisfy the same 
calibration relationship as the bristle- 
cone pine data. The same argument could 
be applied to the entire interval from 
3000 to 1800 sc. Figure 2 shows that 
23 of the 52 Egyptian points lie below 
the fitted straight line, whereas 27 of the 
57 bristlecone pine points lie below this 
line. One could hardly expect to get 
much closer to 50% than that. 

It remains our conclusion that, on the 
basis of the available data considered, 
and within the errer limits discussed 
(themselves unfortunately wide), there- 
is no contradiction between the Egyp- 
tian and bristlecone pine data. This is 
an important conclusion since for some 
parts of prehistorie Europe the cali- 
brated radiocarbon chronology differs by 
as much as 2,000 vr from archaeological 
chronologies put 
application of radiocarbon dating. At. 
the same time, as Baxter rightly stresses, 
the error limits are large, and much 
more work will be needed hefore the 
form of the appropriate calibration 
eurve will be known with precision. 
University of Sheffield 
and 
University of Southampton 


1 Renfrew, C., ‘and Clark, R. M., Archae- 
ometry, 16, (1974, in. press). 

? Clark, R. M., and Renfrew, G 
243, 266 (1973). 

3 Burleigh, R., Switsur, V. R, and Ren- 
frew, C., Antiquity, 47, 314 (1973). 


Nature, 


Na‘ transport defect in 
cystic fibrosis | 
Sir—Using the technique of *H-ouabain 
binding to isolated cells Quissell and 
Pitot concluded that the Na*-K* ATPase 
functions normally in fibroblasts from 
eystic fibrosis patients! However this 
finding may not be very. revelant to the 
Na* transport defect. occurring in this 
genetic disease. 

The Na‘ transport abnormality in 
cy bie fibrosis s seems 








nko a at t pre- 









forward before the- E 




















acti ity — P ‘found to ie eie 


© However a decrease in the ethacrynic 


acid-sensitive efflux®*, a Na* exchange 
mechanism’, has been reported in cystic 
fibrosis erythrocytes®’. These findings 


suggest that there is no fundamental ab- 
normality in the Na*-K* ATPase en- 
zyme in the disease, but there may be 
a defect in an ethacrynie acid-sensitive 
i {en ort ree ‘Therefore in | order to 








| Ss ae — of Jal heli Hed piace 
acid rather than ouabain. 







* transport. in cy stie “fibrosis ba 
action of agents regulating this 


Saar | is controlled by hormones and 
: oye c AMP in a tissue 4 specific manner’, 


S Failure of a Na* transporting system in 
aae. lands to resp cag be a a 





fore show up this defect. 
Yours faithfully 
M. J. Durry 
Biochemistry Department, 
Uni ity of Dublin, 






Drs Quissell and Pitot respond : 


- Due to the pathophysiology of cystic 
fibrosis, conclusions derived from data 
obtained from intact patients with the 


Sir Charles Dodds 
Sim Cartes Dopps, Bt., pisces 
-and physician, who died on December 


16, 1973, was at the time of his re- 


- tirement in 1965 the senior professor in 
the University of London, having been 
elected. at the age of 25 to the newly 
created. Courtauld Professorship of Bio- 
chemistry at the Middlesex Hospital 
Medical School. Two years later, when 
the Courtauld Institute of Biochemistry 
was built he was its first Director, an 


a appointment that he was to occupy with 


the highest distinction for 38 years, His 





dise 


It is possible, however, that there is 


gs 3, Membrane transport of this 


“bla: ; sand E tight not fens 


later by tutorials, 
‘Middlesex man’, ho never seemed to 
wish to work elsewhere. Very early he® 






erial obtained 
patients must be carefully 
scrutinized. Several factors, guch as 
anoxia, infection, ‘malabsorption, liver 
and “pulmonary involvement, and the 
nutritional and hormonal status of the 
patient complicate the interpretation 
of these data. 

-The Na’ transport defect could be 
closely related to the genetic defect or 
the Na* transport defeet could be secon- 
dary. The small salivary glands and 


ase or f 
from CE 


the eccrine sweat glands are affected by 


the electrolyte defect in cystic fibrosis! 

but the submaxillary and parotid glands 

secrete normal levels of sodium?-?“, 
The decrease in the ethaerynic- acid- 


sensitive efflux observed in cystic fibrosis 


erythrocytes® is difficult to interpret!*. 
Lapey and Gardner’ observed a normal 
sodium efflux in heterozygotes and in 
younger females with cystic fibrosis. The 
mechanism of action of ethacrynic acid 
on the overall membrane transport pro- 
cess is not known. In fact, the inhibitory 
process may involve one or several im- 
tracellular metabolic events rather than 
events on the membrane per sett}, 
Ethacrynie acid does not seem to bind 
specifically to the membrane but. to all 
cellular fractions'®, Cystie fibrosis pa- 
tients seem to have normal kidney 
function except for a lower metabolic 
clearance rate and a higher plasma 
aldosterone level which is probably due 
to the excessive loss of sodium in the 
sweat and a subsequent decrease in the 
intravascular volumet”. 

If an alteration in the hormonal re- 
sponse in cystic fibrosis exocrine tissue 
is observed, the alteration could be in- 
timately related to the primary defect 
in the disease but the alteration could 
be secondary to its pathophysiology. 


originally tiny staff of three graduates 
expanded steadily so that due to his 
stimulating and inspiring leadership the 
Institute has acquired a fine reputation 
for both teaching and research. 

Edward Charles Dodds was born on 
October 13, 1899, brought up in Darling- 
ton and moved with his parents to 
London, where he was educated at Har- 
row County School and the Middlesex 
Hospital Medical School, supporting 
hintself” by various scholarships and, 
He was entirely a 
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showed his life-long interest į 
developing a method whieh g 
ful for preparing meulin fort 

When they were both 
F. Dickens wrote Chenmucal i 
logical Properties af the Ini 
tions. Dodds meanwhile x 
of the Chemical Pathol 
im this country the e 
of analysis which 
introduced in the T 
called in durimg the i 
George V and, then aged 
the MVO. With George B 
produced Recent *Advances 

























































“artificial oestrogenic hormone, 


uantity, | and was effective when 
orally. In addition to its value in 
ecology, 
of Charles Huggins, to be the first 
rug to be able to control a form 
carcinoma of the prostate— 
€ disease was. disseminated. 

! 10UTS and decorations conferred 
Dodds over the years occupy a whole 
mon of Who’s Who, but among these 
ere his Knighthood in 1954 and Ba- 
cy 1964. He was elected FRSE. 
1; FRS 1942 (Vice-President 1957- 
- FRCP 1933 (Harveian Librarian 
r) and President of the Royal Col- 
ge of Physicians in 1962—unique for a 
essor of biochemistry to be so hon- 
ed. He held honorary degrees from 
versities all over the world, was 
idely travelled and had lectured— 
ugh this did not come easily to him 
a many countnes. He succeeded Lord 
rder as Chairman of the Scientific 
ommittee of the Cancer Research Cam- 








ign; an excellent chairman, he was 
n constant demand in this capacity, 


rving on numerous Government. and 
her scientific committees: His medical 
ool owes to him the revolutionary 
organisation of the teaching of bio- 
mistry, and of chemistry, which he 
sted should be integrated subject: 
built up a devoted staff of gifted 
hers, 

hough somewhat shy by nature, he 
is never aloof with his colleagues, 
always ready to discuss their problems, 
empering his shrewd advice with a nice 
touch of humour. It delighted him when 
he became Master of the Society of 
_ Apothecaries in 1947-9, and nothing 
eased him better than entertaining 
s many friends to good food and good 
vine, on which he was something of an 
thority. 





wabeth Jordan of Darlington was a 
ppy one and he never seemed to his 
se friends quite to recover from her 
ath in 1969. Their only son Ralph 
cceeds to the baronetey. 





) oint | in n the ewe of the aoa f 


yl stilboestrol and its relatives, ‘With : 
frid Lawson, he explored the weak — 
ivity which they had detected in a 

nge of simple non-steroidal compounds, A 
until they found a highly active by- _ 
product arising in the demethylation 
of the simple phenolic ether anethole. 
hey discovered the strueture and syn- _ 
esis of the compound, in work with - 
Robert Robinson, in 1938. Stilboes- — 
was even more active than the 


ral hormone, could be manufactured of *°Ne are produced with respect to 


is marriage in 1923 to Constance . 


o $- 


í Corrigendum 





In the article “Heavy ion RE reac- 


tions in nuclear astrophysical processes” | 


. by T. W. Conlon (Nature, 247, 268; 


1974) the third paragraph from the end 


should read as follows. “A study of the 


_a-transfer reaction C (160, 20Ne)*Be at 


energies in the region of the Coulomb 


barrier has been made possible by the 


‘development of a particle identification 


_ system based on position-sensitive coun- 
ters mounted in the focal plane of a 


Buechner spectrograph. Preliminary re- 


sults” indicate that significant amounts 


*4Mg, which results from the principal 


compound nucleus channel (Table 2).” 
it proved, following the — 


In the same article, the following cor- 
rections should have been made; para. 1, 
line 12 should read “corresponds to the 
transfer of an @ particle, ..."; para. 10, 
line 5, “available for later evolution- 
ary... and the last column in Table 1 


should be “Q optimum (MeV) corre- 


sponding to (Finis to Faa)”. 


International meetings 


May 14, Our Environment—Museum 
or Habitat? (Lisa Strange, The Ship 
and Boatbuilders’ National Federation, 
31 Great Queen Street, Kingsway, Lon- 
don WC2B 5AD) 


May 15, The Possible Role of Anti- 
Tumour Immunity in Radiotherapy 
(The General Secretary, British Insti- 
tute of Radiology, 32 Welbeck Street, 
London W1M 7PG) 


May 16, Friction, Wear and Lubrica- 
tion (The Meetings Officer, The Insti- 
tute of Physics, 47 Belgrave Square, 
London SW1X 8QX) 


May 19-22, Second International Banff 
Conference: Man and His Environment 
(Miss E. M. Buchanan, Conference 
Supervisor, Division of Contmuing Edu- 
cation, The University of Calgary, Cal- 
gary, Alberta T2N 1N4) 


May 20-23, The Impact of Offshore Oil 
Operations (Mrs Jill de Wardener, The 
Institute of Petroleum, 61 New Cavend- 
ish Street, London WIM 8AR) 


May 20-23, 5th National Convention of 
the Royal Australian Chemical Institute 
(Profggsor B. J. Ralph, School of Bi- 
eological Technology, University. of New 
South Wales, P.O. Box 1, Kensington 
N.S.W. 2033, Austral) 0 





Secretary General, 





Switzerland) 


May 20-25, 7th World Congress on 


Occupational Safety and Health (World 


Congress Secretary, Ansley House, Dub- 
lin 4, Ireland) 


May 21-23, Rubber Processing 1974 
(Martin J. Quinlan, Publications Officer, 
The Institution of the Rubber Industry, 
4 Kensington Palace Gardens, London 
W8 4QR) 


May 21-24, The Science and Technol- 
ogy of Powders and Fine Particle Sys- 
tems (Institute for Fine Particles Re- 
search, Summer School, 1974, Laurentian 
University, Sudbury, Ontario, Canada 
P3E 2C6) 


May 22-24, Workshop/Symposium on 


Compliance with Therapeutic Regi- 
mens (David L. Sackett, Room 3H2, 
McMaster University Medical Centre, 
1200 Main Street West, Hamilton, On- 
tario, Canada LSS 4J9) 


May 23, Structure and Function of 
Intracellular Junctions (R. C. Hughes, 
National Institute for Medical Research, 
Mill Hill, London NW7 1AA) 


May 24, The Future of the Polytechnics 
(The Secretary and Registrar, The In- 


stitute of Mathematics and its Applica- 


tions, Maitland House, Warrior Square, 
Southend-on-Sea, Essex SS1 2JY, UK) 


May 29-31, 28th Annual Symposium on 
Frequency Control (Commander, US 
Army Electronics Command, Attention: 
AMSEL-TL-MP, (J. R. Vig), Fort Mon- 
mouth, New Jersey 07703) 


May 29-31, 26th Annual Brookhaven 
Symposium in Biology: Processing of 
RNA (John J. Dunn, Biology Depart- 
ment, Brookhaven Nation: al Laboratory, 
Upton, New York 11973) 


May 29-—June 1, Electronic Properties 
of Oxides: Applications and Science 
(Professor R. W. Vest, School of Ma- 
terials Engineering, Purdue University, 
West Lafayatte, Indiana. 47 7907) - 


May 29-June 2, 5th: International Con- 


gress of Cytology (Alexander Meisels, 
5th International 
Congress of- Cytology, 1050, Chemin 
Ste, Foy s Queb 6, PQ, Can: f 





May 31- Jie i ‘International. Sympo- | 


sium on a S Awadë, Ex- 


ronto, ( taid, Ci Sadek 

























ments do not in any 
7 visions of the Trade 
ptions. 7 68 and the Race Relations Act 
f 1968 Pire Publisher also reserves the right to 

a efuse, amend, withdraw or otherwise deal with 





ertisements submitted ta him ac his absolute 


discretion a and wien i dep aee „Alk Ce. 7 









page across £i. 


Or T G. we and Son, Limited, | Clement sinn, 


ms: t aeua, Londan, W C 2. 









” KENNEDY INSTITUTE OF 
RHEUMATOLOGY 


Have you seen our notice on page xv? 





(1606) 














NEW G UINEA | UNIVERSITY 
? TECHNOLOGY 


LECTURER IN CIVIL ENGINEERING 


Applications are invited for the above-mentioned 
position in the Department. of Civil Engineering, The 
work of the Department is. organised into the bub- 
disciplines of Structures, Soils, Transport, Hydraulics, 
Public Health and Local Government i Engineering, — 





Applicants: musi possess a good first degree and, — 


ae higher degree together with appropriate. 
al lence, The successful applicant in 
uring duties will be required to 
h and consultative work in one of 
ove-mentioned fields. 


idemie establishment of the Department ig 
tom the level of Technical ‘Tostructor: te 
‘Laboratories are ediiipped to Australian 
University standards. and each has supporting tech. 
nical staff, Computer facilities are available in the 
o form of two Nova 1200 series mini-computers for 
<: batch and time share- procesiaj and: an ICL 2003 
i gompaer is to be ordered. 
The Department is involved in consultancy, has a 
i | practice in commercial testing and is 
E. increasingly active in development projecta 
EA ee and small industries 












preferabl ; 
E roig F 





























the range: $A? 370 to SA10, 205, In 
yer annum is normally paid to a 
mber. of staff. Moderate rental 
T the University. Superannta- 


gulars of age, sath e Marital status, family, if 
nce, present: post and the 


be mna igen Trom whom. 


(1693) | 


owtenate 








ernment mnt 


UNIVERSITY © OF F NOTTIN GHAM 
DEPARTMENT OF GENETICS 


POST-DOC TORAL RESEARCH 
ASSOCIATE 


oo ‘Applications -Bre invited for the position of Post- 
search Associate. The successful appii- 
‘expected to take pari in a study of the 
ine-structure of the alcohol dehydrogenase 
rasophita melanogaster. | . This study, which 
; È £ gehe-action in 
the Medical ‘Research 
: collaboration it 
cambridge po ; a : Wire 










eferees. should be sent to the Staff 








a7 12) 





$ ments will oniy q 
that the advertiser: “de 


30p is charg tr the re fof. 
Rearen of replies: ta advertisements with a box dog 


of ADVERTISEMENTS SHOULD BE ADDRESSED | f 
| 2ED. Telephone: 01-242 6264, OB 


Applications: in datiicne ghould inchide pari. . 


_ can be claimed to cover the cost of taking personal effects to ‘New wie 


luding a EPA TA vitaé and the fo 


ts Officer, University of | ‘Nottingham, © a gee 
: “os NG? 2RD, before Fri- 


















Department of aod and ‘Gaon sai Plt -App 
will be trusted with the following duties: | 


Teaching: The organization of an introduc 
for all students of the department and a cou 
simulation of biological systems. 









Research: The initiation and direction ofr a 
one or both of the following themes: 


(i) energy balances in biological systems : 
(ii) mixed cultures of two or more organisms. 



















Applicant should have experience in the formulati 
experimental verification of quantitative models o 
systems. He should be willing to co-operate with bi: slogical ‘and 
technological research groups in the department, 





Applications, including biography, giving full details of 
qualification, experience, publications and names of two ee 
referees should be addressed to: Prof. L. L: van Reigen, c/o Buresu — 
van de Afdeling der Scheikundige Technologie, 136 Jullanal 
Delft-2208, The Netherlands. 





Department of Scientifi and 
Industrial Research — 

















Applications are invited for the 


undermentioned vacancies 2 





Botany Division of the Department of Scientific and Industrial Research, Lincoln, 
has vacancies for two Scientists. 


(a} The Department is currently engaged in taxonomic work in all plant 
groups except fungi. Two volumes of the “Flora of New Zealand” 
published and other volumes are in preparation. A scientist is 
taxonomic revisions of Dicotyledons in New Zealand Fiora. 


Qualifications: Honours degree or Ph.D, 


(b) A botanist is required for the general services section to under 
taxonomic and ecological work on adventive flora in New Zealand. 
aquatic plants an advantage. 


Qualifications: Honours degree in Science of Agriculture, Ph.D. or equivalent, 
experience. 


Salary for both positions: up to NZ $10,232 p.a. depending on ae 
and experience. 











incidantat expenses: Up to an fora tials man asd: p” j 0. ) 


Application forms and general ifformation are available from the. E 
High Commissioner for New Zealand, New Zealand F use, Mayr 
Eanes: SWIy. ATQ, with whom applications will close on 13 june 1974, 


Please quote feference 2/151 when enquiring. 





G. D. Searle & Co. Ltd., is a research orientated 
ethical pharmaceutical organisation, based at 
High Wycombe in Buckinghamshire. The 
Research and Development Division is engaged 
on fundamental work in the fields of biochemistry, 
biophysics and immunology. Currently there is 
an expansion of our Anti-Viral Research pro- 
grammes, creating vacancies for both scientists 
» and technicians. | 
_. The scientific posts will be filled by graduates 
- holding a Microbiology, Biochemistry, Zoology 
- or Virology degree. Technicians should have at 
_ least an HNC in a Biological Science (or equiva- 
.. lent), coupled with laboratory experience in 




















A _ SOUTH GLAMORGAN AREA HEALTH AUTHORITY 


= Whitchurch Hospital, Cardiff 


_ . Applications are invited for the above two posts in the Addiction Unit 
~ Research Laboratory of the above hospital, to assist Dr M. Evans and Dr A. 
- Badawy in investigating tryptophan metabolism in animals and man under 

conditions of drug dependence and treatment with other drugs. The 
laboratory is undertaking an interesting programme with both national 
and international activities, and the successful applicants will, therefore, 
be expected to show competent technical skill. They must be interested in 
biochemistry, and to preferably possess experience in enzymology, liver 
and brain biochemistry, chromatography, spectroscopic techniques or cell 
fractionation and tissue handling in general. 





The posts are: 


(a) JUNIOR TECHNICIAN/TECHNICIAN, on the N.H.S. scale of £708 to 
£2,292 per annum. Initial placing is according to age, qualifications and 
experience. 


(b) TECHNICAL ASSISTANT for THREE YEARS ONLY, supported by a 
grant from the Medical Research Council carrying a salary of £1,263 rising 
in the third year to £1,395, | 

Application forms are obtainable from The Administrator and should be 
completed and returned to him within 14 days from the date of appearance 
of this advertisement. : 

. (1708) 


NORTH-EAST LONDON 
aur POLYTECHNIC 
ng <o Enquiries are invited for the post of: 
| SENIOR TECHNICIAN IN 
PHYSIOLOGY T4 


FACULTY OF MEDICINE 


LECTURESHIP IN HUMAN 
MORPHOLOGY 


LZ 





nd research in physiology. The successful candidate 





a responsible level in the feid of physiology, 
per annum inclusive. 
F 


ing Office, Ref. S/CP 129, North East. London Appl 
¥technic, West Ham Precinet, Romford Road, Secretary. 
ratford E15 4LZ. Telephone: 01-555 6811, $O9 4NH 
Please contact: Technicians Unit, Ext. 33. 


. UNIVERSITY OF SOUTHAMPTON 


EENI Applications are invited from biological graduates, 
incre Department of Biological Science based at our preferably with a Pbh.D., or from medical graduates 
West Ham- Precinct, Romford Road, Stratford EIS for a teaching and research appointment in Human 
ee gs te Morphology, Previous teaching experience is not 
The Physiology Section of the Department com- essential; good research facilities are available in a 
‘prises a wide range of laboratories and specialist variety of fields and experience in electron microscopy 
tooms. dealing with teaching to honours degree jeve) would be an advantage. Salary scale £1,929-£4,548 


il be second in charge of the section and applicants Initial salary will depend upon qualifications and 
ust have appropriate qualifications and expérience ¢xperienge.. Enquiries should be directed to Professor 


Salary on a scale ranging from £1,749 to £2,031 Biologiggl Sciences Building, Bassett Crescent East, and medical benefits. — 





May 31, 1974, 
Closing date May 17, 1974. + £16945 Ref. Na, e (16373 ; 


biochemical techniques. Attractive commencing 
salaries will be offered, and conditions of 
employment include 4 weeks’ holiday, Pension 
Scheme and active Social Club, Assistance with 
relocation expenditure will be given in appropriate 
circumstances. 

Initially please contact Mr H. W. Cooke, 
Personnel Manager, Research and Development 
Division, G. D. Searle & Co. Ltd., 
Lane End Road, 

High Wycombe or telephone 
High Wycombe 21124 

extension 130 quoting 

reference ST/129. 


SEARLE § 


(1690) 





SOUTH-WEST THAMES REGIONAL 
HEALTH AUTHORITY IN 
CO-OPERATION WITH THE 
UNIVERSITY OF SURREY 
offers training posis as BASIC GRADE BIO- 
CHEMISTS with the opportunity to study for an 
M.Sc, in Clinical Biochemistry by means of a 2-year 
sandwich course commencing October 1, 1974. Appii- 
cants should have a degree in Biochemistry or 

Chemistry (or its equivalent). 

During the parts of the course spent away from 
the University, students will work in a specified 
hospital laboratory within the Region. Probationary 
scale for new entrants to the service, £1,797 or £1,497, 
depending on class of degree, plus London Weighting 
Allowance where applicable rising by annual incre- 
ments. Successful in-service applicants will retain 
their existing conditions of service. Students. will 
be responsible for meeting the cost of University fees, 
currently £114 payable in three instalments. during 
the two years, after which period they should be 
willing to serve a further year within the Region if 
posts are availabiec. 

Interviews are expected to be held in London in 
late May. 


Further details and application forms obtainable 
from the Academic Registrar, University of Surrey, 
Guildford, Surrey GU2 SAH, to whom they should 
be returned by May 10, 1974. (1695) 





SOUTH-EAST STAFFORDSHIRE HEALTH 
DISTRICT | 
THE GENERAL HOSPITAL. _ 


tet man RN A tt EEA! a 


BIOCHEMIST (Basic Grade) required to work 


under the Principal Biochemist in well. equipped 
laboratory at the above hospital. Attractive bed- 
Sitting room available for female applicants. = 
Further information from the Principal Biochemist, 
The General Hospital, Burton-on-Trent, — : 
Applications, stating experience and naming two 
referees, to Personnel Officer, Burton District Hospital 
Centre, Belvedere Road, Burton-on-Trent u 


Ma an nem nn aiaa ROI AOE te ehani Pe m t e ea 


UNIVERSITY OF MALAYA 






HE experience 
idates who are 
jing equivalent) 
919° per annum. 
owances are payable: 
£649 max, per annuns, 
nce £503 per annum 











Salary scale (approximately 
£2,278 by £89 to £2,814/R 
in addition the following 
Variable. Allowance £243 mi 
Supplementary. Housing Al 











-. The closing date for t 

















POU LTRY RESEAI RCH CENTRE 









the. SCIENTIFIC /HIGHER SCIENTIFIC 
OFFICER. GRADES in the Ethology Section of 
the Poultry Research Centre, for work on 
reproductive behaviour. The project involves 
a certain amount of surgical work and the 
. person appointed shouid be prepared 10 super 

vise technical staff. 
















Candidates shouid have a pass 
. but Specialisation in Ethology is not a necessity. 
Salary within the. scales £1 435 to ) £2,329 or 


£2,221 to £2,854 per annum, =e placentent 
according to qualifications. and experience, A 












_ ence is required for appoiriment in the higher 
gradë: The post is superannuable with a 
non- pensionable allowance to: offset cantribu- 
tions. j 


















Application forms, which may be obtained 
= Seeretary, Poultry Research Centre, | 
uildings, West Mains Road, Edin- 
) 398, should be completed and 
5 him not later than May 21, 1974. 


(1680) 






WELSH NA MEDICIN scHoo OF 


; (UNIVERSITY OF WALES) 


A NT OF MEDICAL 
MICROBIOLOGY 







Applications are invited fot a 


RESEARCH ASSISTANT 


for Professor J. F. Watkiss (who will be 
taking up his appointment on October 1, 1974). 
The appointee will work on the Cell Biology of 
Tumours ang Tumour Viruses. 

Previous experience not essential. Post suit- 
able for a- new graduate in biological sciences 
Ww ould: not wish to work for a higher 











either on the scale P 380 to £2,112 
or ont the technical scales depending On qualifi- 
tations and: experience. l 


Applications, with the names ot two referees, 

to the Registrar, The Welsh National School of 

_ Medicine, Heath Park, Cardiff CF4 4XN, 

within three weeks of the apptarkace of this 
: Advertisement. (16703 










TI HE MIDDLESEX HOSPITAL 
“MEDICAL SCHOOL 

we ; LONDON WIP 3PR ` 

Pe, ‘COURTAUL D INSTITUTE OF BIOCHEMISTRY 


CAS posi on: aso RESEARCH ASSISTANT in the 
S vacat eas should ay at 












: a addresses of two referees should 
ctor of the Institute at the above 
than Friday, May 17, 1974, 





a ‘orditiz to BRE, qualifications. and experi- 
ence, up to the maximum of £4,548 per annum plus 
£162 per annum London allowance. plus superannua- 





tt will be far a 
instance. { 1663) 


tion under F.S.S.U. The appoint 
period of three years in ‘the first. : 


arenemine nenna mymp 





Beania anne en 


JAMES COOK UNIVERSITY OF 
NORTH QUEENSLAND 


LECTURER IN CIVIL ENGINEERING 


l Applicants should POSSESS A, higher degree and have 
teaching. and research experience in the field of 
nginecring: experience in wind. engineering 
terest in. low rise buildings and environ- 
ts. would be an advantage. 


ge ky to SAIL 982 per annum plus 





j eotertlieenled miin rir ea aan 





















male, or SA7 
appointment — 


oo removal expenses. 


_ Additional. information and application forms” may 
be obtained from the Association of Commonwealth 





"Applications close on May a 1974. | (1664) 





Applications ate invited for a post within | 


aA 3 degree or ` : : 
JE ENC. in an appropriate biological subject, o£ — 





minimum of five years’ post-qualifying experi- f- 


long-term effects. The Group Leader reports directly to 


- details. at. academix achievement 


Virginia House, Henry Street, Belfast BT15 1JE. 


UNIVERSITY OF TASMANIA 
LECTURER IN AGRICULTURAL 


Applications are invited for the above-mentioned 
appointment within the Faculty of Agricultural 
Science. The University would particularly welcome 
applications from people with training and experi- 
ence in soil microbiology but the appointee will be 
expected to participate in teaching of general micro- particular piers areas ate i 
biology. He will be required to participate in UHF and microwaves, Coriri 
“supervision of honours and postgraduate students. and = state devices and circuit appl iwavons, 
to -undertake a personal research programme, 

„The. salary scales are: Grade I $A10,575 ig $469 Salary: $ARGOR range SALLIE? per annum. © 


Ai42 per annum for a married. 
single. appointec. Conditions of 
“include superannuation, five weeks -i 
annual leave and an allowance for travelling and =~ 


l pffered within these grades according to qualifications 
“and experience. 
Further particulars and application: forms from the 
Association of Commonwealth Universities (Appts.), 
46 Gordon Square. London WC1H 


Sma {Appts.), 36 Gordon: Square, London 
OPF. 
Applications close on May 24,°1974. 1673) 












New opportunities in 























The R. & D. Division of Gallaher Limited, based in Belfast, is carrying 
work in improving the health characteristics of smoking. | 
impetus of this work creates a number of new posts for able s ie 
will have excellent facilities for the work and opportunities for rapt “perso 
development. The Laboratories work a 44 day week. | 


GROUP LEADER—BIOLOGY GRO 


The Group of about fifteen people works broadly in Biochemistry 
and Cell Biology. It devises and develops biological sy tems fÍ 
the properties of new materiais that may be smoked and for: 





Tox tes 





Manager. He must have a good Honours Degree and rele. 
research experience. He will also be involved in co-ordl 
projects in Europe, Therefore knowledge of French and/or German 
advantageous. We seek an exceptional scientist (age group 20-40) 
offer him or her an exceptional opportunity. 


BIOLOGICAL SCIENTISTS 
Two new posts for graduates in their twenties are available in the above 
Biology Group, one in biochemistry, the other in tissue culture. 


Several posts are now available for scientists interested in 
The physical chemistry of combustion 
Materials science of combustible materials (including tobacco) 
Synthetic chemistry and 
Analytical chemistry 
Both long term and development problems are dealt with in mter- diseiplh 
groups. Applicants should be keen to apply scientific skill to commerce 
problems. 


STATISTICIAN/BIOMETRICIA 


An Honours Graduate in mathematics, statistics and/or computing to develap 
techniques for the collation, analysis and interpretation of reasearch date, 
particularly those from biological evaluations. 








The Company offers first class conditions of service and initial salaries will be 
negotiable, 


Applicants, male or female, may be graduates with suitable expenence. 
For posts other than that of Group Leader—Biology Group, 1974 graduates 
may apply. Please write giving details of relevant academic and practical 
experience to :— 


W. H. Forsythe, Manager, R. & D. Laboratories, 
GALLAHER LIMITED, R. & D. Division, 





UNIVERSITY OF NEW SOUTH WALES 





SCHOOL OF ELECTRICAL ENGINERRING 
ee ner 


MICROBIOLOGY 









biomedical engineering. 










o $68,982: Grade TT $A8,698 to $47F to 1 3 
& by ‘5 to $10,106, pi ppointment. will be aon salary according to qumifications arid 


_ Details of appointment, kapeng supe 
; 2° pe 


the PON pg Comme 
éAppts), 36 Gordan SquartalLo T 


Abplications Mose Tune 28, 4074. 





























__ methodology and a good sen 








Senior Personnel Officer, 


Please write quoting reference U. 451 aa giving brief 
details of qualifications and experience to the 


o THE WELLCOME RESEARCH LABORATORIES, 
: Langley Court, Beckenham, . Keni BR3 3BS. 


UNIVERSITY OF SOUTHAMPTON 


ri P harm n a ; aU 





The Cl inical I Pharmacology: Departments is {eoking for a Senior 
Technician to support an integ ated clinical research group: 


The work will initially involve drug assays. primarily utilising gas 
 Ghvometodraphic methods.. An awareness. of modern laboratory 
a of. organisation especially in the day- 
as inning of an efficient laboratory. will be necessary. Applicants. 
sho Id have a biochemical background and practical laboratory 
rience at- H, N.C. OF graduate. level. . 


0 r laboratories. are situated in enan parkland suranda 
ithir asy reach of Broml ley and Beckenham and about 12 miles from 


~ Conditions of ‘employment a are , attractive. 








(1699) 








Two posts: SENIOR TECHNICIAN and TECHNICIAN/GRADUATE 
. RESEARCH ASSISTANTS for the immunology Laboratory, Professorial 
Medical Unit. Responsibility will be in general laboratory immunology 












and will include service, research and teaching. 
_. Applications, in writing, as soon as possible to Mr. R. S. Lloyd, Senior 


a „Chief Technician, Professorial Medical Unit, Royal South Hants Hospital, 
Fanshawe Street, Southampton SO9 4PE. 


OXFORD UNIVERSITY 


-THE DYSON PERRINS LABORATORY 
(ORGANIC CHEMISTRY) 


Applications from: “CHEMISTRY GRADU- 


‘are-invited for two SREC-CASE | 


Studentships, ‘tenable from next September, for 


research Geading. to the degree of D.Phil} on 


“the synthesis of peptides. of pharmacological 
piece. under the academic supervision of 
Dr. G 


r. SRC. Research Stadentships:. under- 


AS taking Finals this summer. are eligible. | 


Apply immediately to Dr. G, T. Young, The — 
Dyson. Perrins Laboratory, South Parks Road, f 
Dxtord OX1 30Y. (1697) i | 


+ 





Tel. Southampton 34288, Ext. 336. 


T. Young and im collaboration with | 
industrial pharmaceutical research laboratories. f 
The terms and conditions are similar to. those. 


(1649) 


Biochemist 


A. leading British EPEE, Research 


Organisation has a vacancy for a Senior 


Biochersist to initiate and direct research pro- 
jects in the areas of pharmacokinetics, drug 
metabolism, molecular pharmacology and 
enzymology in association with the design and 


Sermo pacts of new medicines, 


i “Fersons with appropriate especie ce areo 
ieg to apply in writing for further -deeails 
. -The Secretary, Biorex Laboratories Tid. 
“Biorex House, Canonbury Villas, London N io 
F ?RB,: -marking the i CONFIDENTIAL, 


€ 1688) _ 









| based’ at; our "Wee Hans Precinct. 
Psychology 


This. post in the Department of Psychology 
involves working with children and parents 
at the Department's Child Study Centre and 
responsibilities include security and main- 
tenance of equipment in the Centre and care 
of a small animal house. 

Candidates should have some relevant ex- 
perience and preferably a knowledge of 
recording equipment. 


Biochemistry 

This position. in the Department of Applied 
Biology involves responsibility for the satis- 
factory servicing of degree level practical 
classes in biochemistry including supervision 
and training of junior staff. Candidates should 
possess Final City and Guilds, HNC or equiva- 
lent. Experience of the use of advanced 
biochemical instrumentation will be considered 
an advantage. 


Physiology 
The physiology section of the Department of 
Biological Science comprises a wide range of 
laboratories and specialist rooms dealing with 
teaching to honours degree level and research 
in Physiology. 
The successful candidate will be second in 
charge of the section and applicants must 
have appropriate qualifications to HNC or 
equivalent level and experience at a respon- 
sible level in one or more areas of Physiology 


Salary on a scale ranging from 
£1,749 to £2,031 per annum in- 
clusive. 


The West Ham Precinct houses the Faculties 
of Science and Human Sciences and provides 
an extensive range of advanced facilities: for 
teaching and research. Sports, canteen, library 
and other facilities are also available. 
Further details and 
application forms from: 
The Staffing Office, Ref: §/CF128 
North East London Polytechnic, 
West Harn Precinct. 
Romford Road, Stratford E15 4.2 
Telephone: 01-555 0871 
Please contact: ‘Technicians Unit Ext. 33 


Closing date ot May, 197A; repay 








OXFORD UNIVERSITY 

Applications are invited from organic chemists for 
POSTDOCTORAL RESEARCH ASSIST ANTSHIEPS 
to work in the Dyson Perrins Laboratory with Drs. 
J. A, Baritrop and A, C. Day on the photochemistry 
of heterocyclic aromatic systems. Two such ap- 
pointments ate offered, each for a maximum period 
of 3 years, commencing not fater than October 1, 
1974. Previous photochemical experience is tot 
essential. Applications will be accepted. ‘fram those 
expecting to complere doctoral - work. this summer, 
pete” itt. be in the range £1 BIER, 243 plus 


Applications, including curriculum vitae and. the 
names of two. referees, should: reach the Admini- 
sitator, The Dyson. Perring I aboratory, South Parks 
Road, Oxford OXI 30Y, as. soon as possible, and 
not later than Mey H, 1974 (L566) 









UNIVERSITY. n 7 
DEPARTMENT OF ‘ZOOLOGY 


Applications are invited for the post of RE- 
SEARCH. ASSISTANT 4 
on triclad energetics. ~ 











Hointiment will be for 


A Hpg 
| not more. than 3 years. Salary ‘will be £1,478 coy #7) 
to £1,625 “per. annum, G E 


be sent, “nor alee than Tune 30; 1994 

Zoology Department, The Unive 

8QQ, fronr whom further par x 
In reply please quote. Bee N 








k under Dr. P. Calow — 













pa to tins “pe don r Scientific Secretary 







upust. © The Society is concerned broadly © 
t with the bissocial aspects of human populations 
Lae -post would be suitable for a social 
} scientist. with an awareness of biological prof 
To Jems or a natural scientist with inter-disciplinary 


$ interests. 


T This new position will give the individual time 
o for developing his own research interests, as 
well as being involved. in the organisation of 
TO annual symposia and the. Society’s quarterly 
op publication. Encouragement will be given to 
AC the person appointed to extend the scientific 




































































the Society's premises. Previous administrative 
experience would be an advantage. Salary. 


range £1,500 to £2. 400 for 3 days per week or 
the é¢quivalent and superannuation: cover will 
pe arranged. 


Further. details may be obisined from the 
‘Secretary, The Eugenics Society, 69 
i Square, Landon SWIV IPI, to whom 
tions should be submitted not ares than 







THE WELSH NATIONAL SCHOOL OF 
MEDICINE - 


DE ARTMENT OF HAEMATOLOGY 


TECHNICIAN OR SCIENTIFIC 
OFFICER 


Technician or Scientific Officer required in 
the above Deparument to. perform - established 
tests of neutrophil function in leukaemia and 
allied disorders and to develop new AESRINGUEE 
in this feki, 





Candidates Betas possess B: Se. ot HNC? 
; in Haematology. 













a to qualifications ‘but in the 
386 to £2,517. 


pplication forms available from the 
‘Registrar, The Welsh National School of Megi- 
cine, Heath Park, Cardiff! CF4 @XiN, to whom 
they should be returned two weeks after the 
appearance of this advertisement, 


(1709) 


tenenan ga qunan oaaae 


SANT TECT URERS in the pepan. 
Subject 10 academic suitability 
erence will be given to candidates 
. Bahasa Malaysia (Malay). 


SLADE: teaching and research experience. 

ship, a doctorate is normally required. 

DEPAR ‘MENT OF MATHEMATICS: Vacancies 

exist in. the fields of Pure Mathematics, Applied 

‘Mathematics, and Statistics. 

DEPARTMENT OF PHYSICS tewo posts}. 

oo Salary scales (approximately sterling . equivalents): 
Lecturer £1,524 to £2,441; Assistant Lecturer £1,330 

to £1,460 per annum. In gddition the following 

allowances are payable: Variable Allowance: £243 wan, 









£649 max. per annum: “Supplementary Housing 


Allowance £503: per annum and medical beroia. 
Farther particulars and application forms are 
obtainable from the Association af Commonwealth 
. igo (Appts), 36 Gordon Square, London 
r - gene pane date for the receipt of applications is 





Hea eet Aly FRY emma reer AN fitting aa ea a e le abe 


“UNIVERSITY OF OTTAWA 


“Applications are invited for a stf position at the 
te or assistant professor level from individuals 
2 Strong background in research in Organo- 
ie Chemistry. Applicants with | ‘research interests 
nterdisciplinary field will also be. con- 

















eneral Chemistry as well as giving 
advanced undergraduate. and 


Ability to lecture in French, in 


h would be a distinct advan- 
o tage. Salary will be up to $17,500 depending .on the 
co applicant's experience. The date of appointment is 
“negotiable but Sepiember 1, 1974, is preferred. 


Applicants should send a complete curriculum vitae 
8 addresses of referees to: Professor H. H. Baer, 
T iman, Deparenent of pierces University of 
i Gnawa, Ottawa, Canada KIN 6N5. 18203 





genics Society will become available a 


“work of the Society, Support would also be | | 
given in any application for funds to transform f- 
the position into a full-time appointment at f- 


according 1o age and qualifications within the f 


ve at least a good Honours. 


applicant will be expected to participate _ 


te RAN Aba Radar ignited htt ae ah eona ninani AARNA AEA Ap upeaa annaia HM ae a akg: 


Council for Scientific 
and Industrial Research 
South Africa 













The Council for Scientific and Industrial Research con- 
sists of 15 national research laboratories and. institutes. 
The CSIR undertakes and promotes scientific and in- 
dustrial research into matters affecting the utilisation of 
the natural resources of the Republic; on the develop: 
ment of its industries and on the proper co-ordination 
and employment of scientific research to these ends. 


Toe following 3 vacancies are available in its NATIONAL 















or RAT E Seia 
OTEO EEEE 






(ref 73/60/289) req uired D eih an struc 
function relationships of biologically active mac 
molecules. The programme envisaged includ 
interaction of phospholipase A, cytotoxins, toxa 
and other lectins with biological membranes. E 
facilities and expertise in protein isolation, struc 
determination and physico-chemical characterisation are 
already available. 


Posts are available on two levels, according to qualifica- 
tions and experience: 


Salary A: Between R8 300 and R10 700 (£5500 and 
£7150 approx) pa. 

Salary B: Between R5 000 and- R7 950 (£3300 and 
£5300 approx) p.a. 


Applicants with extensive experience in jJeading a 
research team will be considered for a position on the 
level of salary scale A. 


CONDITIONS OF EMPLOYMENT: The many benefits include 
medical benefit scheme, assisted housing loan scheme, 
housing subsidy scheme, annual leave bonus, pension 
and group insurance scheme and annual leave up ti 35 
days. Successful candidates will receive assistance with 
travelling expenses and a contribution towards ir ig 
portation of household effects. They will be re d tó 
make use of the Government immigration scheme and 
to serve the Council for two years in return for financial 
assistance. 


Please apply to the following address: 
The Office of the Scientific Counsellor, 
Chichester House, 278 High Holborn, 
London WCIV 7HE. 

Telephone: 01-242 9641 


Further details and application forms may also be pin 
obtained from this address. Hal 




























FOR A MEDICAL RESEARCH COUNCIL | 
IN EDINBURGH 


A statistician, who will be senior amongst several on the scientific staff of the Url, is 
required to work on the design and analysis of experiments in cell biology and: genetic. 
linkage, to advise on the biomathematical aspects of cell behaviour and q5 assisi in 
studies on the epidemiology of human chromosome abnormalities. 


Substantial in-house computing facilities, a high speed link to the Edinburgh. Reglenail 
Computer Centre and programming support are available. 


Applicants should have suitable academic qualifi ications and considerable experiance in 
applied statistics, preferably in theebiological sciences. The positic 
- opportunities for collaborative work in a wide range of biological and. # ; 
especially for someone whose interesie include the biomedical field. as we LEUAT EAS 
¿heot and technique. Commencing salary in he range £1,890 to £4,548 with Sosaiiy 
promotion te Senior Grades. 


To apply, or for further information, please contact the Director, MAG Sinica ane: 
Population Cytogen@fics Unit, Western General Hospital, Crewe Road, Edinburgh Eh 
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to work i in the 





of c our | Ce ntral Resea rch Lab 


This is a new vacancy arising from expansion of our 
-research activities. We are looking for someone 
“to join the Antimicrobials project team. This team 
-is involved in an increasing range of Bacteriological 
techniques including diagnostic work, tissue level 
studies etc. Candidates should have 
- considerable. experience in Bacteriological 
>- work and the ability to supervise junior 


Chemotherapy and Biologics Department 
oratories 


This. job wodi probably suit someone who has 
recently passed the final examination in Bacterio- 
logical techniques of the IMLT. Conditions of 
employment include non-contributory pension 
and death benefit schemes, canteen and social 
club facilities. 
~ towns in the surrounding area. Our research 
Laboratories are situated on the Kent coast with 


Assisted travel is available from 


ig oe — easy access to London and the Continent. 

















to: 
Sandwich, Kent. 


"MINISTRY OF AGRICULTURE 


: `- Salary payable up. to $i, 986 depending on qualifications and experience. 


‘Duties: Studies in ‘the reproductive physiology of sheep and beef cattle with 
“parusiae reference to the influence of nutritional and management factors. 
affecting the fertility of hill country flocks and herds. Large numbers of genetically 
- different sheep and cattle are available for study. 





Qualifications desired: Masters or higher degree in agricultural or veterinary 
science, preferably with research experience in the general field of reproductive 


physiology. 


Passages: Fares may be paid for appointee and if married for his wife and 
children to New Zealand, 


Incidenta | Expenses: Up. to NZ $120 for a single man and NZ $800 for a 
married man to cover the cost of taking personal effects to New Zealand. 


= “z Application. forms ond generat information are available from the: | 
High Commissioner for New. Zealand, Ney Zealand ponent Haymarket, z 
London, SWIY 4TQ 


with whom applications will close on 2B June j 9M. 
Please quote reference 3 14/59 when’ enquiring. 
| t = aað 


it you are interested in this position please write for an application form 
“Ge Marshall, Personnel Officer, Central Research, Pfizer Limited, 


(1669) 


UNIVERSITY OF BATH 
SCHOOL OF BIOLOGICAL SCIENCES 
POSTDOCTORAL RESEARCH FELLOW 
RESEARCH ASSISTANT 


Applications are invited for the above posts for 
work on the fish populations of the Severn Estuary 


Supported by the Leverhulme Trust and the CJELG.B., 


and based mainly on sampling from Power Station 
intakes. 

The Postdoctoral Fellow will, be. expected tO. Carry 
out a critical examination of sampl g techniques and 
the analysis of seasonal changes in terms of environ- 
mental factors, In addition, studies will be carried 
out on the biology of the more important estuarine 
species and the successful candidate will be expected... 
to «(initiate laboratory. studies where these may be 
rélevant to an interpretation of field data. Adequate. 
training in statistical techniques and the computerised 
handling of data is desirable in addition to suitable 


research experience in the general field of freshwater 


or marine ecology... 

“The duties of the Research Assistant will include 
the collection of Power Station samples, the identifi 
cation, examination and storage of specimens. Can 
didates should have an honours degree in zoology 
and preferably some experience of ecological and 
Statistical techniques, A current driving licence is 
essential. 

Both appointments are for a three-year period and 
the salary ranges are: Postdoctoral Fellow, £1,929 to 
£2,553; Research Assistant, £1,440 to £1,608, 

Application - forms, avaliable from Registrar (S$), 
The University, Bath BAZ 7AY, quoting reference 


number 74/57, should be returned before. May . 23, 


1974. (1666) 
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- UNIVERSITY OF SOUTHAMPTON 
facie OF MEDICINE 








“science. pala with appro- 
ion "for twee. “Temporary Lectureships 
‘a full of part-time basis for the 
{T5 Experience in teaching 


be perei te a A advantage. Salary within range 
Eo £3,588. to £5,091 (clinicaly or £1,929 to £4,548 non- 


clinical. Superannuation. 
basi Sa fey he Univ be obtained ace the 








er cans fey: 24, 4994, 





















POST-DOCT ORAL RESEARCH 
ASSISTANTSHIP 


Applications are invited | fora research 
T iship in the Department of Agricultural 
Cio Biochemistry for work on embryo development 
2 ie | higher. plants, Candidates should be quali- | 
-$ fied in biochemistry or a related discipline, : 
4° The appointment, financed by the ARC $ 
$ Galary scale £2,221 to £2,413, with’ FSSR 
op. obenefits), is tenable for three | “years from 
T- Ocrober 1, 1974, and wilt be associated with a 
“gmail group working on seed. development and 
maturation. 

Further details and. app 

























B lication i. ‘trom i 
F oothe Secretary, Edinburgh School of Agriculture, — 
Eo West Mains Road, Pe BHO 3 G. S E 





UNIVERSITY OF TASMANIA 
-LEC TURER IN AGRONOMY > 














isty gcales are: Grae r $A10,578 to 
3 io $11,982: Grade FE $A8,698 to $470 


5 and erence. 
The. ‘Particular field of interest of the Senior 

t onomy Dr. 3. 3. Yates} b the 
Lı The faculty is particularly inter- 
-with training and 
neti Pree 





ar eget ie be Rony 


“expected - to participate in the supervision of honours. 
and postgraduate students and to undertake a personal 
research programmnic. 


„Eunn n and application forms obtainable 


aen » 


ranyranayndenomn pyyreungunmurannsscn: 





enn TEACHING FELLOW 


Applicants. should normally have completed a M Se. 
or Ph.D. degree and will “be responsibl 
ee s ma presentation of ors 
















@ per cent respectively. 


“initial period, repatriation after three years’ service 






: ‘reserves 
r te. appoint ss invitation, 699 





VERSITY OF NEW. 
peintment at the ASS 
fective Taly 1, 1974, ‘the garii 
involve the teaching a general and ‘physical chemistry 
courses in the undergraduate: programme, and. super 
vision of graduate students in M.Sc. and Ph.D. pro- 


“grammes. Research interests of the: applicant should - : $ 
"be: compatible with the presenti interests of the 1 


_. Department and might inchide, for example, the fields 

_ of electrochemistry, umr-esr spectroscopy, mechanisms 
actions in solution.—Applications, together with 
arch proposal, should be sent to: Chairman, 
ant of Chemistry, ances of New Bruns- 
de on, N.B. EJB 5A3, Canada, (1655) 


duinari en mitre ener end 


q UNIVE ny OF CALGARY, GRADUATE 
“Teaching and. Research Assistantships are available 
- for students proceéding to the PRD. or M.Sc. des 










_. grees in all branches of Chemistry and Biochemis- | 










> try. The Assistantships are valued from $4,100 to 
$5,000 per annum and carry remission of programme 
x and travel allowance. 


Chemistry... Calgary, Alberta TIN INA, Canada. 
"lease: indicate field of interest. (1654) 


: " aithin ‘the. Faculty: a narina : | 


a 2 to $10, 106, Appointment n will bt : 


1 : Aiae ent. a 
{Extension Methods. The appointee would be 


i m Br the ataf members ot ti sear in : 
nge: SA7.270 to SAS, 698 per. amon with | 
m based on an endowment assurance f 
employee and employer contributing Sper. 4 


efits: Travelling expenses for appointee and $ 
“removal. allowance, temporary housing for an 


BE A to make no | 


y further information write tó: Department of 


NORTH-HOLLAND PUBLIS 


has an immediate opening ir 















» 


(member of Associated Sci er ; 
Publishers, publisher of scientific journals 
and books). 





for a full-time 


Description: 
@ preparation of manuscr 
@ correction of proofs = 
@ language correction of c 
written by non-English speal 
authors. o 


@ supervision of free-lance workers. 




































Requirements: 
@ English mothertongue _ 

@ meticulous eye for detail. 

@ experience in proof reading preferre 











We offer responsible and variable 
congenial atmosphere. 


Handwritten applications, giving de 
education and previous exper. 
indication of salary expected, st 
addressed to: | 


The Personnel scientific t 


O: i 











P.O. Box 2 


ETO 


University of Wales inatinute 


Department of Applied Biology 





RESEARCH ASSISTANTS (or RESEARCH STUDENTS) 


4. For experimental study of effects of dust and sulphur dioxide on. plants 
(3 years). E EE. 

2. To study biological recovery of a polluted stream In South: Wabes (20r 
3 years). g 
Applicants for this post should hold a car driving licence. 

Post 1: £1,318 to £1,499 

Post 2: £1 ‘499 to £1 1657 

Suitably = Research N will be permitted to register for Pa weit: aes 


Salaries: 


adugon 


narro Students: į itt be given gratis based on the SRC haa scl i 


- Further particulars Bnd application forms (returnable as soon as possiti y 
Section, UWIST, Cardiff CF1 3 $ -> 

























required for the following appointments: 


Ais 


hd 






































‘Health Department 


Applications are invited for the 
undermentioned vacancy: 


National Health Institute 
Wellington, New Zealand 





A position is available for a Scientist with considerable experience in 


es . immunology and in particular the practical aspects of serological tests. The 
_. successful applicant will be responsible for the development of a wide range of 
- serological techniques, production of antigens and antisera, research into and 


: F appraisal of new techniques, development of serological proficiency testing. 


Qualifications desired: Ph.D. or M.Sc. with considerable experience in 
‘immunology or a medical graduate with postgraduate qualifications in 
microbiology. 


Salary up to NZ$, 249 p.a. according to qualifications and experience. 
"Passages: Fares for appointee and his wife and family, if married, will be paid. 


“Incidental expenses: Up to $120 for a single man and $800 for a married man 
can be claimed to cover the cost of taking personal effects to New Zealand. 


Application forms and general information are available from the 
‘High Commissioner for New Zealand, New Zealand House, Haymarket, 
London swiy TQ, with whom applications will close on June 13 1974. 


Please quote reference 2/38/14 when enquiring. 
(1647) 


; South Glamorgan Area 
Health Authority 


S 


Probationary) 


Te Vadarcise. iei. in the Department of Chemical Pathology, University of 
Wales, Heath Park, Cardiff, for graduates in Chemistry or Biochemistry or 


one of the related biological sciences. 


The department is closely linked with The Welsh National School of 
Medicine and carries out service work and research. It occupies new 
accommodation and has recently been equipped with a complete range of 
service and research equipment. 


‘Holders of the posts will be expected to register as post-graduate students 
with The Welsh National School of Medicine and undertake research work 


with a view to obtaining the Ph.D degree, They will also be expected as 


13 part of their training to study for the Mastership in Clinical Biochemistry. 
_. Salaries and conditions of service will be those prescribed for Biocheriists 
by the Whitley Council. no R 


Further particulars and an appointment fo visit the department ı may bë 
obtained by writing to Professor C. N. Hales at the Department. «` 


+ 
si ig plication forms may be obtained ‘from the Divisional ‘Administrator, 
À University Hospital of Wales, Heath Park, Cardiff. t 
& s 


* + e GESE 











RESEARCH ASSISTANT | 


Applications are invited from. Honours gradi oe ke 
ates in Microbiology or a related discipline for 
a research assistantship to work in the micro- 
biology and biochemistry departments on silage 
deterioration studies financed by the A.R.C. 
The assistant will be expected to register for 
a higher degree. Salary £830 by £40 to £916, 
pius F.S.S.U. and fees. 














Further particulars from the Secretary, The 
Edinburgh School of Agriculture, West Mains 
Road, Edinburgh EH9 31G. (16853 






UNIVERSITY OF ADELAIDE 
Applications are invited for the following appoint- 
ments: 
LECTURER: IN GEOGRAPHY (BIOGEO- 
GRAPHY). | Preference wili be given to candi- - 
dates interested - in plant and animal geography, 
ecosystem structure and function, and ecology 


related to resource. management. From January i; 
£975, 1. 3.74) 


LECTURER. IN GEOGRAPHY. Preference will 
be given to. applicants: “qualified to- ‘teach geo- 
morphology and soil. geography, with particular 
PETN to. Australia. ‘From Tamary.. Fe 1975. 


Salary scale: Lecturer - SA8, 698° by $470 D by 
a (6) to $11,982: with -supcrannuation on the 
F.S,S.UL basis. initial ‘salary will be fixed within 
the scale in accordance. with ‘qualifications and etx- 
perience, 


Further particulars abot these posts and the 
conditions of appointment -and other information 
sought will be supplied on request to the Registrar of 
the University, or to the Secretary-General, Associa- 
tion of Commonwealth Universities (Appts. } 36 
Gordon Square, London WCH OPP. 


Applications should be sent in. duplicate. and giving 
the information listed in the Statement that will be 
supplied. to the Registrar, the University of ANS 
North Terrace. Adelaide, South Australia 5001, 

f 1702) 


UNIVERSITY OF MANCHESTER 
DEPARTMENT OF MEDICAL BIOCHEMISTRY 


Applications are invited for a POSTDOCT RAL. 
RESEARCH ASSOCIATESHIP, financed. “by the 
British Heart Foundation, tå- work on “Th -Bio 
synihesis of Endothelial Basement Membrane- Com- 
ponents of Bood Vessels”. The appointment, - ‘from 
October i, 1974, is tenable for two. years. Salary 
range £2,118-£2,412 per annum plus- FSS.U. 


Applications (3 copies) giving the names of two 
referees should reach Professor D. §. Jackson, Depart- 
ment of Medical Biochemistry, University of Man- 
chester Medical School, Stopford | Building, Oxford 
Road; Manchester M13 OPT, ‘before May a ii 

638) 


UNI VERSITY O OF HULL 
DEPARTMENT ÖF BIOCHEMISTRY 
POSTDOCTORAL RESEARCH 

ASSISTANT 


Applications are invited for the post of Postdoctoral 
Research Assistant, funded by the Agricultural 
Research Council for a period of three years, far 
work on the effects of low oxygen concentrations on 
the regulation of lipid and carbohydrate metabolism 
of Azobacter, ander the direction of Professor E. A. 
Dawes. Experience with chemastats and in enzymo- 
logy would be an advantage. 

ae according to experience, within the rangs 

2,037-£2,223 (currently under review) with F.S.S.0 
ea 

Applications (4 copies) should be sent as. s6o0n..as 
possible, to the Registrar, The University, Cottingham 
Road, Hull HUG TRX, from whom nee ‘particulars 





may be obtained. i O GGD 


Mimansa iiei i aeara 


UNIVERSITY OF ESSEX 
DEPARTMENT OF CHEMISTRY 
Applications. are. invited. Tor- the post of 


LECTURER 


(£1,929 to £4,548; scale at present under review) In su 
Inorganic Chemistry for appointment from October L | 


1974. 

Applicants should. have research interesis 
synthetic. inorganic. chemistry or in any other. PR 
of inorganic chemistry related to the overall research 
interests of the Department. eae 

Applications ta copies. quoting ref. PS 
reach. the Registrar, . University 
Park, Colchester. CO4 380, Essex, from whe 
particulars are obtainable, by "Frid ay, May 





























































ae, to ; Become: th the , 
UNIVERSITY OF WOL LONGONG 
. January 14, 1975 7 









SR PHYSICS 
-i Fhe. ppoinment is for a solid state physicist either 
theoretical or experimental. In the latter case, prefer. 








ence. wil, be given to applicants with a background ie 

Experience in the use | 

of digital computers will be useful in both cases: 
The appointee will be required to teach at undere 
graduate and postgraduate levels and to pursue arr 


dn’ solid state spectroscopy. 


active research programme. in his own particular 
field. 


Commencing salary according to qualifications and. 


experience, within the range $A8,698 10 $A11,982. 
¿Further information may be obtained. ‘direct from 
«the College - Bursar, or fram the Association of 
Commonweaith- “Universities (Appis), 36 Gordon 
E e Le ndon WECIH OPF, ; 

 ¢hose May 15, 1974. C1677) 
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Jemonstrator its PREN is tegere as Orvtobér 1 

-. 1974, The person appointed will be required to 
ee demonstrate in all aspects of Botany including Micro- 

_ Biology. The appointment is for three years. andthe 
person appointed. will be required. to register for a 
higher oe ans preferably | {h genetal field of 
plant © i i and. the growth 












in soe Staff Ap- 
£: e, Uni- 









app idee ‘will be for oùe year coni 
í n. October 1, 1974, with the possibility of 
a renewal for a.further period of two years. 

Salary will be £1,683 per- annum plus FE.S.S.U. 

benefits, 

Applications {two copies), giving full details of age, 
qualifications and experience, together with the names 
: -gnd addresses of two referees, should be sent not later 
- than May 31, 1974, to the Secretary and Registrar, 
o University College of North Wales, from whom 
- further particulars may be obtained. (1644) 


a Sramana anmenn aaaeeeaei anaia inaari 


'ERSITY OF SOUTHAMPTON 
Ci LTY OF MEDICINE 


invited from repistered medical 
i science graduates with appro- 
-Tor two TEMPORARY LEC- 
RMACOLOGY on a falb- or 
Bee a Year 1974/75, Ex- 
edical siudenis an advantage. 
§ £5,091 (clinical or 

nauation, 





















+0 © S09 SNH, 
ies font ar K- applicants 
should “be sent not later than 

ef, Na : : (1713) 


innrammara naa 


ELECTRON MICROSCOPY 
0 TECHNICIAN © 


(Grade 3) required to assist generally in a fly 
equipped unit serving research and teaching in bio- 
logical ultrastructure. The post offers opportunities in 
the development of techniques and instrumentation for 
applicants of appropriate interests ard experience. 
Salary in. the Tange £1,825 to £2, 095 per annurn. 
Applications in writing to Mr. B. Adams, Depart- 
. Mental Superintendent, Department of Botany. Im- 
‘perial College, Londow SW7 2BB. — C1711} 
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S: ANT KEEPER IN GEOLOGY 
THE MANCHESTER MUSEUM 


pplications. invited for this post, vacant from 
stober 1, from candidates with an interest in 
eralogy and petrology. Salary range per annum 
ier review): £1,029-£3, O48. FS.5.U. 

ther particulars “and application forms /(return- 
¥ May 31) from the Registrar, ‘The University, 
nichester M OPE. (1644) 













Council for Scientific 
and Industrial Research 
south Africa 





boos “and “institutes. "The. | 
undertakes and promotes scientific 
industrial research into matters affectir i 
utilisation of the natural resources of the 
Republic; on the development of its 
industries and on the proper co-ordination 
and employment of scientific research to 
these ends. e 
The following vacancy is available in the 
NATIONAL FOOD RESEARCH = INSTITUTE, 
PRETORIA. 


FOOD 
TECHNOLOGIST/ 
SCIENTIST Rer. 73/89/268). 

This vacancy is in the food technology 
division of the Institute and the - 
involves research into the processing and 
preservation of food products. The work 


involves basic and applied research as well 
as the oe of problems of the food 






and £7130 approx.). 


assistance. 


UNIVERSITY OF SOUTHAMPTON 
FACULTY OF MEDICINE 
CHEMICAL PATHOLOGY 


SENIOR CHIEF TECHNICIAN required to estab- 
lish a rapidly developing metabolic and endocrine 
research laboratory. The successful applicant will be 
aged between 30-40 and will be responsible for 
development and running of multiuser analytical facili- 
ties, Will also be required to participate in research 
with the Professor and opportunities will be available 
for a research degree. Whitley Council conditiggs of 
service and salary will apply. Post available imme- 
diately. A information obtainable from gPro- 
fessor K . M, Alberti, Tel. Southampton 777222 
Ext. a ae 

Application forms and job description obtainable 
from the Personnel Officer, Southampton Health 
District, Tremona Road, SA&uthampton Soi 6HU. 


Tel Southampton 777222 Ext 3651. Closing date: 
May 24, 1974. b (1635) 
+ 


QUALIFICATIONS: At S a a he dej ree 


SALARY: According to qualiteation and. 
experience; between R3150 and ROX j 
plus a 15% pensionable allowance (4 : 


CONDITIONS OF EMPLOYMENT: The mary 
benefits include medical benefit scheme, 
assisted housing loan scheme, 
subsidy scheme, annual leave bonus, 


leave of up to 35 days. Successful candi 
will receive assistance with 

expenses and a contribution 
transportation of household effects. 
will be required to make use of the Gor 
ment immigration scheme and to serve- 
Council for two years in return for financial 


Please apply to the following address, 
The Office of the Scientific Counsellor, 
Chichester House, 278 High Holborn, 
London WC1V 7HE. 

Telephone: 01-242 9641. 


Further details and a k formis may 
also be obtained from t 










hous = 








is address. (1660) 
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UNIVERSITY OF MANCHES ri E 
DEPARTMENT OF PHYSICS 
POSTDOCTORAL R ESEARC H 


Applications invited for a iw cryear 3 











dynamics of condensed: m 
The group is currently st 
properties of fjir a 


experience in gens sca = 
research an advantage, but. ne 
ratge £1,929-£2,553 per guiam 
Further information may be. 
T. A. King, Physics Denartine 
Manchester M13 SPL, to whom 
sent together with the ngimes of two t 
soon a possible. e 


s 









Cytogeneticist required (Salary Scale in accordance with Whitley Council scale for Top 
Grade Biochemists at present £5,190 to £5,919, to take charge of a new Regional 
Cytogenetics Laboratory within the new East Birmingham Hospital Laboratory now 
being built. Candidates should have a higher degree (Ph.D. or equivalent) and wide 
experience of cytogenetics, ; s. 

The work of the department will include elucidation of chromosome abnormalities, 
antenatal diagnosis of chromosomal defects, postgraduate teaching and research. The 

2. director of the laboratory will also have duties in diagnostic cytogenetics in the 
“Department of Human Geneties in the Infant Development Unit at the New 
Birmingham Maternity Hospital, adjoining the University. The successful candidate may 
be accorded honorary status in the University of Birmingham. 

‘ . Candidates are jnvited to visit the laboratory by direct arrangement with the Regional 
Virus Laboratory (Tel: 021-772 4311 Ext 675), | 

Applications (one copy) must include the names of three referees, age and 

_. relevant experience, and must be received by the District Administrator, 

= Bast Birmingham Health District, 45 Bordesley Green East, Birmingham B9 

| Closing date for applications 1 7th May, 1974. 

























































gum «= Over the last few years, the research group of BP Proteins Limited, 

“based at Grangemouth in Scotland, has developed a process for the 
production of high-protein dried yeast (TOPRINA) from petroleum by 
continuous fermentation and processing techniques. 


Toprina is being marketed as an ingredient of compound animal 
feeding stuffs and, as part of our continuing development programme, 
the product range is being expanded to meet a variety of needs in the 
animal feeds market. 


We now require a young graduate to fill a new appointment in the 
team involved in the Product Development programme, His work will 
include study of the properties of Toprina and the development of a 
range of products based on it. = 


The successful applicant must have a good degree in food technology 
or a related field. Some previous experience in research and develop- 
“ment in the food or feeds industry would be highly desirable; indeed 
the post might suita physical or natural scientist with such experience. 
W Salary is competitive and conditiong of service are excellent. Please 
write, giving full details, quoting ref. U. 780, to: The Manager, Censal , 
Recruitment, The British Pétroleum Company Limited, Britannic 
o House, Moor Lane, London EC2Y IBU. a a -e f l 
b 
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Appointment is for 3 years from July 1, 
1974. Salary: £1,251, £1,311, £1,357 per annum. 
Details available from Staff Office, Dept., 
Liverpool Polytechnic, Richmond House, 1 Rum- 
ford Place, Liverpool L3 IRH. (1667) 






ROTHAMSTED EXPERIMENTAL 
STATION 
HARPENDEN, HERTS ALS 23Q 


PLANT PATHOLOGIST to work on fungal 
diseases of potato tubers, especially gangrene, during 
growth and storage. Minimum qualifications good 
honours degree. l 

Appointment in grade of Scientific Officer £1,435 to 
£2,329, or Higher Scientific Officer £2,221 to £2,854. 
Starting salary in accordance with qualifications and 


experience. At least two vears’ postgraduate €x- 


perience is required for appointment as H.S.O 

F.S.SA3. Further details on request. 
Applications, naming two referees and quoting refer- 
ence. 2232, to the Secretary by May 31, 1974. | 
. os (1687) 


UNIVERSITY OF SYDNEY 
ELECTRON MICROSCOPIST 


‘Applications are invited for the position of Electron 
Microscopist in the Electron Microscope Unit. This 
Unit provides a service in Electron Microscopy both 
by way of research facilities and training courses to 
the various Departments. In addition to the adver- 
nsed position, the Unit's staff inchades a Director and 
two Assistant Electron Microscopists. Applicants for 
this vacancy should be experienced in the biological 
aspects of electron microscopy. . 

Salary within range: $A8,698 to $11,982 per annum 
or $Ai2,268 to $A14,308 per annum according to 
qualifications and experience. . 

Applications including curriculum vitae, list of 
publications and names of referees by May 15, 1974, 
to the Registrar, University of Sydney, N.S.W. 2006, 
Australia, from whom further information opr 

1662 
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UNIVERSITY OF SYDNEY 


P. N. RUSSELL CHAIR OF 
MECHANICAL ENGINEERING 


Anplications are invited for the P. N, Russell Chair 
of Mechanical Engineering which will become vacant 
on January 1, 1975, following. the appointment of 
Professor D. W. George to the position of Vie- 
Chancellor at the University of Newcastle. 

Salary will be at the rate of $419,102 per annum. 

A statement of conditians of appointment and 
information for candidates. may. be obtained from 
the Registrar, University of Sydney, N.S.W., 2006, 
Australia, with whom applications close on Tune 6, 
1974. (1692) 
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UNIVERSITY OF CONNECTICUT 


POST-DOCTORAL RESEARCH 
ASSISTANT 


; Protein Crystallography. $9,006 per year for up to 
3 years. | 

Inquiries to: J. R. Knox, University of Connecticut, 
U- 36 Storrs, Connecticut 06268, USA. (1685) 





GRANTS & SCHOLARSHIPS 





THE ROYAL SOCIETY 
SCIENTIFIC PUBLICATIONS GRANT 


Applications. for grants from the first allotment of 
the Government Grant for Scientific Publications for 
the year 1974 should be madé as soon as possible. No 
application can be considered which is received later 
than June 15, 1974, The grant is provided for the 
assistance of scientific publications in the United 


Kingdom, particularly but not exclusively those of ay 
 selentific societies and.institutions of a national” 
character. A small part of the grant is available. for 


the assistance of the libraries of scientific societies. 


Applications are receivable only from societies and — 


of British nationality. l l 

Forms of application may be obtained.: 
Executive Secretary. The Royal Society, 
House Terrace, London SWYY SAG. > O° 


institutions in the United Kingdom and individitals 
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Regional Administrator, ` 





: Candidates, who should be qualified scientists with or without a 
nedical qualification, should have a broadly based rather than a specialist 
skground, and should have the ability to plan and organise. 


"Application forms and further details of the post are available from the 
ent Regional Health Authority, Fulwood House, 


f Ole Fulwood Road, Sheffield $10 3TH, to whom completed applications, 
: | naming three referees, should be sent. by May 17, 1974. 
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FELLOWSHIPS AND 
STUDENTSHIPS 





APPLICATIONS OF LASERS IN 
SPECTROSCOPY 


Applications are invited for a POSTDOCTORAL 
FELLOWSHIP in the applications of lasers to the 


study: of high temperature inorganic species in gases. 


Applicants are asked to send a curriculum vitae to 
Professor I, R. Beattie ate agio of Chemistry, 
The University, Southampton SO9 
further details may be obtained. Salary on the range- 
£1,929-£2,223 Ginder review) plus F.S.S.U. i 


(1640) 


is OF wales 


c ‘oll € Ge OF 
SCA | 


The Welsh School of Pliarmiacy 


| RESEARCH STUDENTSHIP IN 


NEUROPHARMACOLOGY 


Applications are invited from candidates with, 
or expecting to obtain, first or upper second class 
Honours degree in Pharmacy, Pharmacology, 
Physiology or a related discipline for a research 
studentship rising from a grant awarded to Dr. 
NW. 5. Dogge, The project, which is sponsored 
by an international drug company, concerns a 
study of the mechanism of action of tremori- 
genic compounds and may involve spending 
same time in the company’s own laboratories in 
Switzerland. 


$ The award is tenable for 3 years from Sep 

$ tember 1974 and the work will be suitable for fF 

- submission for the degree of Ph.D. The value f 

§ of the award will be £750 plus fees per annum, - 

f with appropriate additional allowances and exfra 

| remuneration for demonstrating duties to undgr- 
sraduates. m 


Further details (quoting ref. N) and applica- 


. tlen forms (returnable by May 24, 1974) from | 
Cardiff CFI 


the Academic Registrar, yw: ST. 


(1704) 
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| manting date. 
£2,223 ander review) plus 


plus. fees (£840 per annii 
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UNIVERSITY OF BR 
DEPARTMENT OF: PHY $ 


sponsored by the N 
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aptitude for the use 

apparatus. 


_ Applications should be sentto Dr. Do Hs 
Physics Department, Tyndall Av 
BS8 ITL. 
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DEPARTMENT OF BIOLOGICAL SCIENCES 


Applications 
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| value of the Studeniehkin 4 
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G. ONL D, 1 CLEMENTS | INN, 
“LONDON WC2A 2ED. : ee S 

sci inchice the following advertisement in “normal /display nyie 

setting(......* mm) FOr nso “insertions under the heading 
















-studentship 






= in "the: aie of Chemistry. The seat 
~ applicant will work in collaboration with 
{Organon Laboratories Ltd. on new amino 

‘Steroids in a series already established as 
possessing interesting pharmacological and 
| clinical properties. The project. will involve 
. working both in the University and ihe indus-  . 
trial laboratories. 
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antec please. state required depth of 
rr o 7 mm, atc. 
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. The University is situated in a parkland 


| campus just. outside Edinburgh. 


E “The student, who should have a good 
. Honours degree, will regisier for the degree 
of Ph.D. Enquiries shonki be sent to Dr, 
M. M. Campbell, Department of Chemistry, 
Heriot-Watt University, Riccarton, Midlothian 
EH14 4AS. (1682) 





Write or stick Tour edversoatine in this box. 












UNIVERSI TY OF 
NEWCASTLE UPON TYNE _ 


ROBERT WOOD FELLOWSHIP 
DEPARTMENT OF CHEMICAL ENGINEERING 





a : Applicants: for the he Fe 
undertake research 





er a 40 ok 
value: Of £695 per: annum plus fees. ee 

Further particulars: ‘and application forma may bs 
obtained from the Registrar of the University o 
“Newcastle upon Tyne, 6 Kensington Terrace, New- 
castle upon Tyne NEL 7RU. Completed application 
forms should be submitted to the Head of the Depart- 
ment of Chemical ‘Engineering by June 30, 1974.0 
(1643) oo 


een 3 


WESTFIELD COLLEGE | 
(UNIVERSITY OF LONDON). 


NERC. RESEARCH 
STUDENTSHIP 


for work on *Water and. fon movement in live 
- Sphagnum and peat" isa vailable om. October 1974. 
Peat covers about 2 per cent- of the Earth's surface. 
The ecology of one of the major peat forming plants 
is to be studied. — 
The basic award is £695 a year and is under the 
NERC regulations. Eae 
Applicants.” who. have or hope to have a good 
honours degree in BIOLOGICAL. CHEMICAL or 
PHYSICAL SCIENCES will be considered. 
Apply by May 29 to Dr. R. S. Clymo, Westfield 
College, Kidderpore Avenue, Hampstead, London. 
NW3 7ST. 67D o 
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LANDSCAPE ARCHITECTURE. RESEARCH 
STUDENTSHIPS available for honours graduates in 
 jand use or natural science subjects.~-Apply: Departe 
i ment of Landscape Architecture, The University, 
_ Shefficld $10 2TN. (1665) — 







“UNIVERSITY OF EDINBURGH 
RESEARCH 8 Sn UDEN HIPS 1N 






‘A ot WHETHER NAME AND ADDRESS OR A 







PONTE nE care = va 
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Countries” ‘Differentiati 
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British. Science, . - Ap 
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science, technology, social ier ces. 
Contact: The Di Science. 
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. rr ada EHS aT. 
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UNIVERSITY OF ABERDEEN 
DEPARTMENT OF GEOLOGY 
RESEARCH STUDENTSHIPS 
N.E.R.C. postgraduate Research Studeniships 


: > tenable for three years from October 1974 are 
E: available for cach of the following projects: 


Sediments from around . Brora, 


Organic. and Trace Element Geochemistry 
, (Dr. M. Pearson and Dr. R. V, 





DETRAN, sro and unmixing in alkali feki- 
. L Parsons). 


| "E 


UNIVERSITY OF BRISTOL 
Long Ashton Research Station | 


ERNEST COOK POSTGRADUATE 
STUDENTSHIP) | 


Applications are invited from holders. of good 
honours degrees or equivalent qualifications teg. 
Grad. RC, or M.LBiolL) in Chemistry, Biology or 
Biochemistry, for a studentship offered by the Ernest 
Cook. Trast of Fairford at a value of £700 per annum 
for three years, plus travelling expenses to study the 
antifungal activities of chemicals which might be 
effective in. controlling Dutch Elm disease. 


"The work isa arona project between Dr. D. 
“Woodcock and Mr. D, Clifford of Long Ashton 
“Research Station, and OL I. MN, Gibbs of the 
estry Commission, Alice Hok Lodge, Surrey. The 
ecessful applicant may register for a higher degree 
the University of Bristol. 

urther particulars and application form from the 
tary, Research Station, Long Ashton, Bristol 
SAF, to whom they should be returned — ae 

4. (7 











Applications and nominations are invited for the 1974 Glaxo 
awards, which are open to all British science writers — 
| specialists and general report rs, regional and national staff- 





Applications. may e made by either individual 
f ce writers or by editors on their behalf. 


k “One £500 award is for science writing in a national! 
magazine or newspaper during 1973. 


One £500 award is for science writing in a regional maga- 
zine or newspaper during 1973. 


One £500 award is for science writing in television or radio 


re is for science writing in a trade, technical 
3 Eei ine during 1973. 


Closing date for entry: May 31, 1974. 
Further details and application/nomination forms can be 


airman, Associaton of British Science Writers, 
Scientist, 128 Long Acre, London WC2E 9QH. 








papers, periodicals radio and 
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LINCOLN UNIVERSITY COLLEGE OF 
AGRICULTURE 
NEW ZEALAND 


POST-DOCTORAL FELLOWSHIP 


The Council of Lincoin College invites applications 
for a Post-doctoral Fellowship, tenable in any of 
the undermentioned Departments. 

Agricuktural Economics and Marketing: Agri- 
cultural Engineering: Agricultural Microbiology: 
Animal Science; Biochemistry: Entomology; Farm 
“Management: Horticulture; Plant Science: Range 
“Management; Soil Science; Veterinary Science; 
Wool. Science. 

The object of the award is to contribute to the 
res¢arch programme at Lincoln College. 
tO Carrying out research, the successful applicant will 
be expected to participate in limited teaching activi- 
ties withour further emolument. 

The Fellowship shall have a total value of 
NZ$7,600, part of which will be available for fares. 
The salary portion of the emolument is taxable in 
New Zealand unless a double tax agreement operates 
between New Zealand and the country of the suc- 
cessful applicant. Tenure will be for one year in the 
first instance, but may be extended at the discretion 
of the Council. 

Conditions of appointment giving further details 
of this position at Lincoln College can be obtained 
from the Secretary-General, Association of Common- 
wealth Universities (Appts), 36 Gordon Square, Lon- 
don WC1H OPF, or from the Registrar of the College 
in Canterbury, New Zealand. 

Applications close on May 31, 1974, (1678) 


KENNEDY INSTITUTE OF 
RHEUMATOLOGY 


RESEARCH FELLOWSHIP IN THE 
DIVISION OF BIOCHEMISTRY 
Applications are invited from experienced bi 
chemists with a background in subcellular fractiona- 
tion tò dévelop a, new project to study contra of 
tmatrix biosynthesis by connective tissue cells. soa 

vious experien in connective tissue research! 
essential. e Post supported by M.R.C. Salary seis 
ing to age and experience up to £3,378 plus London 
Allowance plus F.S8.S8.U. superannuation. 

Applications with curricularg vitae and names of 
three referees to Dr Helen ir, Kennedy Institute 
of Rheumatology, Bute Gardens, eon "e 605 
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1974, but may be. cont 
is covered by an 
range £1,929 to $2,233, 
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versity, Aberdeen, with whom apelicetic 
should be lodged by May 25. 1974. 
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related subjects, for ad 
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M.Sc. IN THE PHYSICS OF | 
MATERIALS 


The Course concerns ns 
mechanical mechanisr 

mechanical properties of g 
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materials rescarch. 
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Wills Physics “Laboratory. Tindall 2 
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Biological research has for too long suffered from 
restricted experimental attitudes and ‘vertical’ thinking. 
Now Differentiation, an important new 
publication, provides the opportunity for 
interdisciplinary communication and increasing 
fertilization of ideas across the artificial boundaries — 
created by overspecialization. This journal, published _ 
bi-monthly, offers up to date information and synthetic: 
- views of a problem underlining the whole biological | 
phenomenon ~ differentiation. 
< The first five issues contained papers on: 
Degree of differentiation in nonproliferating cells of 
mammary carcinoma. C. V. Wylie, P. K. Nakane and 
GB. Pierce. oe | , 
Polyribosome profiles and polyribosome-associated RNA of 
Friend leukaemia cells following DMSO-induced _ | 
differentiation. H. D. Preisler, W. Scher and Charlotte Friend. 
Studies on cytology and differentiation in Sciaridae. 5. Electron microscopic studies on 
the salivary glands of Bradysia elegans Morgante (Diptera, Sciaridae). A. B. Da Cunha, 
R. W, Reiss, C. Pavan, J. J. Biesele, J. S. Morgante and M. C. Garrido. 
The principle of sequential dependence in cellular differentiation. P. A. Riley. 
Time lapse filming of cellular interactions in organ culture. 2. The behaviour of 
malignant cells. E. J. Ambrose and Dorothy M. Easty. 
Intercellular levels of cyclic nucleotides during cell enlargement and cell division in 
excised tobacco pith tissues. C. V. Lundeen, H. N. Wood and A. C. Braun. 
Pattern formation in Dictyostelium discoideum: temporal and spatial distribution of 
prespore vacuoles. Ursula Muller and R. Hohl. 
The enrichment of egg-type RNA in cleavage stage embryos of the sand dollar 
Dendraster excentricus. Shigeki Mizuno, H. R. Whiteley and A, H. Whiteley. 
DNA synthesis and the production of antibodies by lymphoid tissues, G. Harris. 
Neurite extension by mouse neuroblast: evidence for two modes of induction. 
P. Furmanski. | 
O The journal aims to cover the following areas of study: embryonic 
Differentiation, normal cell growth and division, carcinogenesis and the cancer 
problem as an aspect of cell differentiation, inter-tissue reactions in vivo and in vitro, 
genetic mosaicism, nucleo-cytoplasmic interactions, nuclear transplants, cell | 
hybridization, evolutionary biology, membrane controls of the cell, plant evolution | 
and differentiation, immunological events relevant to differentiation. 
Contributions for publication are invited by The Editor. 
| Editor: Dimitri Viza. Faculté de Médecine Pitié-Salpétriére, 
Laboratoire d Immunobiologie, 105 Boulevard de l'Hôpital, 75634 Paris Cédex 13, France. ; 
Editorial Board: E. J. Ambrose, R. Auerbach, J. Brachet, A. Braun, D. A. L. ; 





Davies, B. Ephrussi, H. Holtzer, F. Jacob, N. J. Jerne, C. Kafiani, G. Klein, Rita 
Levi-Montalcini, A. Lwoff, R. G. McKinnell, C. L. Markert, Beatrice Mintz, C. 
Pavan, B. Pierce, S. Spiegelman, G. Tocchini-Valentini, S. Toivonen, D. Yaffe, 

T. Yamada. 
Cited in Current Contents. 





To: The Subscription Department, Macmillan Journals Limited, Brunel Road, Basingstoke, 

Hampshire RG21 2X8. | | 

Please enter a subscription for one year to DIFFERENTIATION starting with 

. . the issue dated ; o oe | 

| current exchange rate. Prices applicable only to subscriptions starting. before 31st 
December 1974.) Orders must be accompanied by remittance, cheques made payable to 

Macmillan Journals Ltd. 
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-popport nity for interdi r y communication. This 
journal offers up to date information and synthetic 
views of a problem underlining the whole biological 
phenomenon - differentiation. It aims to cover the 
following areas of study: embryonic differentiation, 
normal cell growth and division, carcinogenesis and 
the cancer problem as an aspect of ceil differentiation, 
inter-tissue reactions in vivo and in vitro, genetic 
mosaicism, nucieo-cytoplasmic interactions, nuclear 
: nits. cell hybridization, evolutionary biology. 

ve controls of the cell, plant evolution and 
bated immunological events relevant to 


‘Regent papers include: 

Degree of differentiation in non-proliferating celis of 
mammary carcinoma, C. V. Wylie, P. K. Nakane and 
G. B. Pierce. DNA synthesis and the production of 
antibodies by lymphoid: tissues, G. Harris. The 
principle of eana dependence in celular 
differentiation, P Riley. Edited by: Dimitri Viza. 
Faculté de Méc scine Pitié Salpétriere, Paris. 


Annual subscription £20 (£22.00 U.S.A. and Canada). 
Prices applicable only to orders started before 31st 
December, 1974, Payment may be made in any 
currency at the current exchange rate. Orders must be 
AAE remittance. pl at should be made 


Marine Pollution Bulletin is published monthly and 
sets outto cover all aspects of the fight for life of lakes, 
estuaries, seas and oceans. It includes news, com- 
ment, reviews and research reports not only on the 
threats of noxious substances to marine life but also 
on the management and productivity of the marine 
environment in general. It publishes accounts of new 
and proposed research programmes as well as the 
results of those in progress. 


Recent research reports include: 

Distribution of Caesium-137 in British Coastal Waters, 
D. F. Jefferies, A. Preston and A. K. Steele. Export of 
Lead from Sait Marshes, M. Banus, |. Valiela and J. M. 
Teal. International Scope of Marine Pollution Damage, 
D. P. Tihansky. Effects of Red Mud on Marine Animais, 
R.A. A. Blackman and K, N. Wilson. Pollution Probiem 
of the Golden Horn, M. Karpuzcu, 


Annual Subscription £6.50 (£7.50 USA and Canada). 
“Prices applicable only to orders starting before 31 
December 1974. Payment may be made in any cur- 
rency at the current exchange rate. Cheques, shouid 
be made payable to Macmillan Journals Ltd., Sub- 
scription Department, Brunel Road, Basingstoke. 
Hampshire RG21 2X5, England. 


subjetive m ne 
biological eval 


The Quantimet 720 Image Analysing Computer 
the Life Scientist to acquire accurate and objective: 
a wide range of specimens. The Quantimet’s a 
versatility and speed can be applied equally to microscap. 
macroscopic or electron optic images for real progress in 
eee a cach pay. 


Projection and Number | 


Simple Quantimet measure- 
ments on whole fieids have 
been widely used in fields 
such as neurology, osteclogy 
and microbiology. 
Histological assessments 

can be readily quantitated 
as, for example, the assay 

of mucus secretion by the 
goblet cells of the respiratory 
tract. 


The Quantimet 720 brings 

a new dimension in speed 

to true microdensitometric 

measurements, whilst 

virtually eliminating 

distributional eror. Even 

using a light pen for manual 

selection of features gives 

total integrated density 

measurements, such as those 

below, at speeds of up to 

1000 cells an hour. 

Simple densitometric 

measurements can be used 

to rapidly standardise 

histochemical techniques 

and can give quantitative 

objective descriptors even bS 
: gervicas sree 

of very complex fields. normal, C sus 


Pattern ESAn 


The Quantimet can allocate 

one or more temporary 

memories to each individual 

feature within an image. 

This allows “sizing” to be 

carried out using any of the 

standard parameters 

including integrated optical 

density, area or perimeter. woo eee 
Alternatively, different The nuces form fatter. are 
parameters can be combined eter. aad to sales hoy ee 
for a single feature to give wile rejecting the UNMAS forms. 
shape classification. of statistically significa 

The data of the temporary data. While automatic 
memories can also be made microscope stage movement 
available to external and focussing cen free ar 
computers thus allowing operator for other more 

more versatile pattern rewarding tasks, the 
recognition if this is required. Cuantimet monitor always 
High Speed Analysis Gives shows exactly what {s 
Statistically Valid Data being measured. The ane 
The Quantimet 720 can or image can also be fad à 
measure one field of view on-line to printers, desk ae 
in one-tenth (1/10) second; calculators or miti- 

this allows rapid generation computers | for fur further analysis. 
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WINK Image Analysing Computers 


UK. Germany France USA. 
Melbourn, Royston. 665 Ofenbach Wi Bd de Por 40 Roten i 
SG8 BEJ Hertfordshire Schrebesstrasse 18 i dae Paris 13. Monsey, he 

tel: Royston (0763),60611 tel: 0611 835871 578 32 oa : BI4 BBS i 
telex: 81124 telgx: 04152638 telex: 26867 telex: TI 305 
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A choice of bright or dark field 
in the stereomicroscope 
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The first issue of Cell, a new monthly 
journal of cell and viral biology from 
The MIT Press, was published in 
January, and already its astonishing 
growth, both in circulation and repu- 
tation, seems destined to make it one 
of the most important journals in its 
field. Edited by Benjamin Lewin, 
formerly the editor of Nature New 
Biology, Ceil provides a wide-range 
journal publishing articles of general 
interest in molecular biology, cell 
biology, tumor virology, immunology, 
genetic development, and other re- 
lated areas. Papers are refereed as rap- 
idly as possible and those accepted are 
published within twelve weeks. 


Cell also includes an extensive review 
section. In addition to those reviews 

-© with the traditional role of discussing 
a field in some depth, short reviews 
give conceptual accounts of recent ad- 
vances in areas of cellular biology, for 
the benefit of researchers in other 
areas. Book reviews and discussions of 
meetings are also included. 


The May issue of Cell will include the 
following articles and reviews: 


interaction of Regulator Proteins with 
Recognition Sequences of DNA: 
Benjamin Lewin 


A Measurement of the Sequence 

-= Complexity of Polysomal Messenger 
RNA in Sea Urchin Embryos: Glenn 
A. Galau, Roy J. Britten, and Eric H. 
Davidson 


Studies on Nascent RNA in Mouse 
Myeloma: Henry Berger, Jr., and Ru 
Chih C. Huang 


Regulation of Intracellular Protein 
Breakdown in Stringent and Relaxed 
Strains of E. coli: Devorah Rafaeli- 
Eshkol and Avram Hershko 
Mutations Affecting Adenine Phos- 
phoribosy! Transferase Activity in 
Chinese Hamster Cells: Lawrence A. 
Chasin ` 5 


Mutants of Cultured Chinese Hamster 


Cells Deficient in Adenine Phosphori-e 


bosy! Transferase: G. E. Jones and 
P. A. Sargent 





Type C Viruses of Baboons: Isolation 
From Normal Cell Cultures: G. J. 
Todaro, C. J. Sherr, R. B. Benveniste, 
and M. M. Lieber 


Vesicular Stomatitis Virus Envelope 
Glycoprotein Alterations Induced By 
Host Cell Transformations: Sue A. 
Moyer and Donald F. Summers 


Inhibition of Transport Systems In 
Cultured Rat Hepatoma Cells By 
Colcemid and Ethanol: Peter G, W. 
Plagemann and John Erbe 


Development of hCG-Sensitivity in 
The Testis of the Immature Rat: 
Wolfgang Engel and Joachim Frowein 


The June issue of Cell will include 
the following articles, reviews, and 
book reviews: 


The Gene Numbers Game: J. O. 
Bishop 


Evidence for Genetic Recombina- 
tion Between Endogenous and Exo- 
genous Mouse RNA Type C Viruses: 
J. R. Stephenson, G. R. Anderson, 
S. R. Tronick, and 5. A. Aaronson 


Increased Protease Levels in Trans- 
formed Cells: A Casein Overlay 
Assay for the Detection of Plasmin- 
ogen Activator Production: A. R. 
Goldberg 


Changes in Adenylate Cyclase, Cyclic 
AMP, and Protein Kinase Levels in 
Chick Myoblasts, and Their Relation- 
ship to Differentiation: R. J. Zalin 
and W. Montaque 


Induction of a Deoxycytidineless 
State in Cultured Mammalian Cells 
by Bromodeoxyuridine: M. Meuth 
and H. Green 


Expression of Thymidine Kinase 
Variants is a Function of the Repli- 
cative State of Cells: R. Adler and 
B. R. McAuslan 


Book Reviews 


Amè®ng the Protozoologists: S. H. 
Hutmer . , 
Cell Culture—the State of the Art: 
J. Bard | 
Ribonucleic Acidgin Review: 


: i . * E M. Scolnicke 
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‘ar new journal. 
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Cover picture 
The green turtle marches into the 
Atlantic Ocean, to emerge 60 days 
later on Ascension Island, 2000 km 
away. How does it manage this pre- 
cise navigation feat? Carr and Cole- 
man (page 128) suggest an explana- 
tion based on the evolution of the 
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Untrit the end of 1973 Nature was set in England and printed im 
both England and the United States. The three-day working wees 
imposed such severe constraints on us, however, that setting, printing 
and much of the despatch had to be removed to the United States: 
mailing from Richmond, Virginia, necessarily delayed delivery of 
Nature for Europe, Africa and much of Asia. We thank subscribers 
for bearing with us in this difficult time. This is the first issue for 
which we are again printing and despatching in England as weil as 
the United States. 

The paper for the English printing is Fletcher's “Thinprint’, of higher 
quality and much lighter than the coated papers we have used in the 
recent past. It has been a matter of concern to us that surface mail 
copies of Nature take so long to arrive, and yet that air mail sub- 
scriptions are too costly for many subscribers. The production of a 
lighter edition is the first step towards introducing cheaper air-mai! 
subscription rates for 1975, of which details will soon be available, 
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Guide to authors 
Nature accepts three types of 
communications: 


@ Articles are up to 3,000 words in 
length with at most six figures and may 
either be reports of major research 
developments in a subject or broader 
reviews of progress. 


@ Letters are brief reports of 
research of unusual and wide interest, 
not in general longer than 1,000 
words; at most they have three or four 
figures. 


@ ‘Matters Arising’ permits 
occasional short discussion of papers 
that have previously appeared in 
Nature. A limit of 350 words is 
placed on contributions in this 
category. 


Manuscripts may be submitted either 
to London or Washington. Three 
typed copies should be submitted, each 
including lettered copies of figures. 
Typing (including references) should be 
double spaced. The title should be 
brief and informative. Pages should 
be numbered. References, tables and 
figure legends should start on separate 
pages. Experimental detail vital to the 
paper yet which would interrupt the 
narrative is best placed in the figure 
legends. Units should conform to the 
Systeme International. Greek 
characters should be identified in the 
margin on their first appearance. 
Equations should occupy single lines 
if possible. exp (a) is preferred to e” 
if ‘a’ is more than one character. 

| Articles should be accompanied by an 
abstract of not more than fifty words, 
and the abstract should list the main 
conclusions that are drawn. 


References are indicated by super- 
scripts in the text. The style may be 
gleaned from any contemporary Nature 
with the following two changes: 


(i) If it is necessary to refer to several 
references by the same author at once, 
only one reference number need be 
given. 


(ii) The last page as well as the first 
of any reference should be cited. 


Abbreviations should follow the 
World List of Scientific Periodicals, 
fourth ed. (Butterworth, 1963-65). 
‘Personal communication’ and ‘unpub- 


lished work’ should be incorporated in | 


the text. 


Artwork should be sent with the 
manuscript. All artwork should be 
marked with the author’s name. Line 
drawings should preferably be in 
Indian ink on heavy cartridge paper, 
although other materials are accept- 
able; thin, shiny, folded, torn or 
heavily handled material should be 
avoided. Matt rather than glossy 
photographs are preferred. Figures are 
usually reduced to one column width. 


The originals should be about as wide as 


a page of Nature. Figures, particularly 
maps, should contain nothing but 
essential material. It is preferred that 
the original be unlabelled, but with a 
copy containing lettering. Labelling 
on photographs should if possible be 
avoided entirely. 


A fuller guide appeared in Nature 
(246, 238; 1973). 
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Ban the bomb—properly 


AT long last there is a sign of life in the test ban busi- 
ness. For so long a sleeping partner among arms control 
proposals, some form of treaty to control underground 
nuclear weapons tests now looks like becoming a reality. 

Underground weapons tests do little or no damage to 
people or property, but they do cause some offence on 
the international scene, particularly to countries such as 
India and Sweden who are exercising self-restraint in 
not going nuclear themselves. It must be surmised that 
the Soviet Union can see a diplomatic gain in negotiat- 
ing now. Certainly Mr Nixon must see the advantage of 
being seen again as an international peace maker. 

There are many issues which need discussion before 
the wheels of diplomacy turn too far. One such is the 
treaty that will be negotiated. There are three types: 

© Thou shalt not (comprehensive). 

© Thou shalt not be found out (technical). 

@ Thou shalt keep it in moderation (threshold). 

Politicians would say that these three types represent 
increasing realism on the scientific aspects of monitor- 
ing. They also represent increasing cynicism and ex- 
pedience of the negotiating parties. 

There are many possible weapons so small that their 
testing could proceed unchecked except by espionage. A 
comprehensive treaty would rule such tests out; viola- 
tion of the treaty would be a dangerous pursuit if only 
because the whole machinery of espionage could be 
brought to bear, with some justification, on exposing 
infringements. It may thus be politically unacceptable, 
not only as signing away nuclear rights but also as a 
treaty too easily abrogated. 

At the other end of the spectrum, a threshold treaty 
would lay down a seismic magnitude above which a test 
may not be. This is a catastrophic procedure. For a start 
it ties matters of international security to a hopelessly 
complex scientific art. In 1968, the occasion of the last 
east-west scientific discussions on this matter, Russian 
and American delegates eventually had to agree that 
they always came up with a different number for the 
same event and an arbitrary correction had to be applied 
to prevent the discussions from breaking down al- 
together. When scientists sit down to write the language 
of any future threshold treaty they may again be 
seriously at odds—perhaps to the jeopardy of the treaty. 
Further, a threshold is a challenge to any nuclear coun- 
try to improve its ability to decouple explosions from 
the geological surroundings, by firing in loosely com- 
pacted rocks or ultimately in large holes. With techno- 
logical ingenuity explosions as large as 50 kilotons could 
be muffled to have a seismic magnitude of only 4.75, a 
widely discussed threshold value. Thus a_ threshold 
treaty would be gradually eroded by a determined nu- 
clear power, and in time could become almost meaning- 
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less. And if the purpose of a treaty is to convince 
potential proliferating countries that the super-powers 
have a highly moral approach to nuclear weaponry, 
leaving open the door to tests of tens of kilotons will 
impress nobody. Finally, a threshold treaty will put back 
even further prospects for a comprehensive treaty. 

If a comprehensive treaty is politically dificult, and 
a threshold treaty is meaningless, it is desirable to con- 
sider seriously a technical treaty. The onus is on a 
nuclear country not to be caught in activities it regards 
as vital. There is a continuing pressure on monitoring 
systems to improve, so the treaty is not so easily eroded. 
The treaty is not as vulnerable to violations as a com- 
prehensive one would be, for the occasional detected 
test would be the subject of a discreet hint, not a dip- 
lomatic incident. One can hardly claim that a technical 
treaty is ideal—it too encourages an evasive approach 
by nuclear countries and it is not entirely inoffensive to 
non-nuclear countries but it represents a realistic goal 
for negotiation in the immediate future. 

Negotiation on a treaty must not be impaled on the 
inspection issue. The concept of an annual ration of 
inspections must surely go; if inspections are needed 
they must be rare and subject to flexible arrangements. 

Finally, explosions for peaceful purposes. In the 
United States these have made little headway, but the 
Soviet Union has a vigorous programme involving many 
explosions every year. Those within the United States 
who do not wish any treaty—and they include much of 
the atomic energy establishment—will point out that 
peaceful shots can be the guise for military tests (at 
least in the Soviet Union). If peaceful tests are seen as 
latter-day Trojan horses, then it is better that national 
programmes be stopped and resumed later under inter- 
national auspices. 


100 years ago 





Col. Strange says :— 


“I think it is an absolute necessity on the gase of 
my second Coeds in which I say that 
should be cultivated, even branches of l Scigee which do 
not appear to promise immediate advantage. It is one = 
the most important parts of Science, and cannot be 


omitted without detriment to all the other parts. . . . . 
Investigations connected with almost the whole of our 
material economy are required. There is no question 
connected with sanitary improvement, with water supply, 
or sewage, or telegraphy, or the enormous number of the 
requirements of the army and navy, which would not de- 
rive advantige more or less from investigations of a phy- 
sical naturę such as would be conducted in a physical 
laboratory. I think that the whole of our naval and 
military arfd social economy is a upon in- 
vestigations such as would be on in a ph 
laboratory.” 


Frém Nature 10, 21, May 14, 1844. 
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A government decision about the 
future of British forestry is expected 
shortly. John Gribbin reviews the 
possible development of forestry in 
Britain in the light of the recently 
published annual report of the 
Forestry Commission. 


eee 


THe future organisation of forestry 
activities in Britain has been under 
consideration now for several years. 

The Committee of Public Accounts 
of Session 1967-68 expressed concern 
over the substantial losses of the 
Forestry Commission and the poor 
prospects for the future. It was at that 
time that there was a call for a proper 
consideration of whether the com- 
mission’s noncommercial activities pro- 
duced sufficient social benefits to justify 
the heavy expenditure. So the feeling 
at government level of a need for a 
complete overhaul of the Forestry 
Commission can certainly be traced 
back six years, and the overall review 
of forestry in general stems from this 
careful look at the Forestry Commis- 
sion. 

A White Paper published in June 
1972 outlined the direction in which 
the government saw forestry develop- 
ing, and recognised the need for land- 
scape improvement and maintaining 
the character of traditional hardwood 
areas. But in itself that review had little 
practical effect, although at about the 
same time smallwood planting grants 
were suspended and replaced by an 
interim grant scheme to bridge the gap 
until a new structure had been worked 
out. 

By October 1973 Mr Anthony 
Stodart, the then Minister of State at 
the Ministry of Agriculture, Fisheries 
and Food (MAFF), was able to report 
to the Commons that a general frame- 


because the decision had not been 
taken, Mr Boyle replied “we have the 
matter very much in mind and hope to 
be able to announce a decision as soon 
as possible”. Since then, the Forestry 
Commission Annual Report and 
Accounts 1972-73 has been published 
(HMSO, 90p): together with previous 
government statements this makes it 
possible to foresee the likely develop- 
ment of forestry in Britain once the 
awaited government decision is 
announced. 

One key change which has already 
been made is a reconstruction of the 
commission’s accounts. From 1919 to 
1972 the accounts have had to bear 
interest charges at the appropriate 
government lending rates, and these 
have averaged about 5% compounded 
over that period. Under the new struc- 
ture the aim is to be a rate of return on 
funds of 3%, which is accepted as the 
maximum that forestry can be expected 
to earn in northern Europe on the best 
sites close to markets. That is an impor- 
tant proviso, for much of the com- 
mission’s planting has been under- 
taken for strategic or social reasons, 
and cannot be expected to provide such 
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a high return. “Where less profitable 
activities are undertaken for reasons of 
government policy”, says the report, 
“the commission will be given . . . sub- 
sidies each year to bridge the gap 
between 3°, and the expected rate of 
return”. 

This policy is not affected by 
Britain’s entry into the European Eco- 
nomic Community (EEC), which has 
no common forestry policy. Regula- 
tions to implement two EEC directives 
concerning improvement of genetic and 
other standards of seeds, young plants 
and so on became effective on July }, 
1973, and the EEC Commission is con- 
sidering a draft directive which, 
although chiefly devoted to improving 
the structure of agricultural holdings, 
has some implications for forestry. But 
otherwise the British government has 
essentially a free hand in forestry 
matters. 

It must be remembered, of course, 
that only half of the total productive 
forest area in Britain is owned by the 
commission; but in practice the interests 
of private and state forestry are com- 
plementary and cooperative, rather 
than competitive. A major difference 
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Table 1 
at March 31, 1973 
Great 
Britain 
Total area 1,212.0 
Forest Land: Total 882.1 
Under plantations 768.3 
To be planted 113.8 
Other Land: Tota! 329.9 
Nurseries 0.3 
Agricultural and 
grazing 151.5 
Forest Workers 
Holdings Jel 
Unplantable and 
miscellaneous 173.0 


Land use by Forestry Commission 
(Thousands of hectares*) 


England Scotland Wales 
306.7 744.6 160.7 
261.7 481.9 138.5 
239.5 399.5 129.3 

22.2 82.4 9.2 
45.0 262.7 22.2 
0.1 0.2 —~ 
14.2 123.2 i4.] 
f] 2.9 1.1 
29.6 136.4 7.0 


work for the future of forestry policy 
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had been worked out, and details were Total New planting Restocking 
then expected to be announced early Great Britain 23,158 19,378 3,780 
in 1974. But the General Election and Conifer 22.865 19,224 3,641 
resulting change of government has Broadleaved 293 154 re 
delayed announcement of a detailed England 3,154 1,735 14 
aes Conifer 2,890 1608 1,282 
policy; in the House of Commons on Broadieaved 364 127 137 
April 11 Mr Stodart asked Mr Roland Scotland 17,764 16,174 1,590 
Boyle, the Secretary of State at MAFF Conifer {7,739 one 1,588 
who now has responsibility for fo Broadleaved 25 2 "i 
whether a de o SYAO : TeSys Wales 2,249 1,469 771 
: cision had now been Conifer 2 3346 1.465 771 
reached, and was told that “consulta, Broadleaved Jaane “4 a 


tions are still in progress”. Pressed by 
a Member concerned that woodland 
owners had no idea what to do akhout 
the 1974-75 planting ° programme e 


& 


FA cd hase TN 
Conifers continue to dominate planting by the Forestry Commis- 
sion, bull that pattern is likely to be changed when details of the new 
government policy are announced. 
e 
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Peeled woodwool billets stacked for 
air-seasoning in a clearing of 47-year-old 
Scots Pine at Bramshill Forest, Camberley. 


is that private forests are concentrated 
on ‘traditional’ areas whereas the com- 
mission has afforested wide areas for- 
merly in marginal agricultural use 
The Forestry Committee of Great 
Britain, which represents private 
forestry in discussions with the govern- 
ment, generally sees eye to eye with the 
Forestry Commission, although it is 
in a better position to speak out against 
government proposals even to the 
extent of commissioning its own 
investigation of the accuracy of govern- 
ment studies relating to forestry. Of 
course, the two sectors of the forestry 
industry are in a competitive situation 
in the ‘market place’, but that market 
is so hungry for timber that both 
sectors are assured of selling their pro- 
duct. 

Where the private sector differs from 
the Forestry Commission, however, Is 
that small planters are in a much more 
vulnerable position when there is an air 
of uncertainty about the future direc- 
tion the industry is expected to take. 
This is highlighted by the fact that the 
interim scheme for smallwood plant- 
ing grants has now run its course, and 
that since the beginning of this year 
there has been nothing to replace it 
A spokesman for the Forestry Com- 
mittee said last week that small owners 
are already being affected, and that 
“some nurseries are finding it very 
tough” as a result 

This is a matter of more immediate 
urgency than the question of what 
should be planted in the 1974-75 sea- 
son. For the private sector, the 1973 
74 planting season is essentially over, 
and although there is a clear need for 
plans for the next season to be put 
in hand as soon as possible, there is 
probably less urgency about this at 
present than at any other time of the 
year. Of course, there can be little 
doubt that the detailed government 
plans will include a hardwood plant- 
ing supplement—but it is up to the 
individual owner or planter to decide 
whether this is attractive enough for 
him to change his pattern of planting 
All this takes time, and the present 
situation of uncertainty is clearly 
undesirable. 

But the most important fact which 
must be taken into account when the 
government announces its new detailed 
plans is that in forestry terms Britain 
is very nearly saturated, with about 
8% of the country covered by forest 
Most of the figures in Table 1 are 
slightly down on last year; on March 


31, 1972, for example the correspond- 
ing figures for forest land and total 
area were 876.2 and 1,215.0 thousand 
hectares, respectively. The total area of 
forest land acquired in the year ended 
March 31, 1973 was 6,000 hectares 
more than 10,000 hectares less than in 
the previous year, and some 15,000 hec- 
tares less than in 1971-72. One reason 
for this is improvements in the sheep 
farming industry which make less land 
available for forestry: by and large, 
there is no longer any suitable land on 
the market. 

In the light of this, and the removal 
of forestry’s strategic role, the future 
emphasis is likely to be on forestry 
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a dramatic increase in 
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“strong desire” 
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home grown product wherever 
But with Recreation 
appointed in most 
feasibility study underway 
development of 


accommodation 
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international news 





For the second time in less than a 
month, the Atomic Energy Commis- 
sion has been hit hard with a critique 
of its safeguards against the theft 
of weapons-grade nuclear materials. 
The latest attack is particularly dam- 
aging to the AEC’s public defence of 
its safeguards because it comes not 
from acknowledged critics of nuclear 
power but from an internal AEC 
study by four AEC consultants and one 
AEC employee. 

Released last week by Senator 
Abraham Ribicoff, in spite of strenuous 
objections from the AEC, the study 
concludes that the commission’s safe- 
guards are “entirely inadequate” to 
prevent ingredients of nuclear weapons 
being stolen from the United States 
nuclear power programme. 

A central criticism is that diversion 
of weapons-grade material from the 
power programme poses a greater threat 
to the public than the risk of a nuclear 
accident, yet “the relevant regulations 
are far less stringent”. The study goes 
on to note that “It is our strong feeling 
that the point of view adopted, the 
amount of effort expended, and the level 
of safety achieved in keeping special 
nuclear material out of the hands of 
unauthorised people is entirely out of 
proportion to the danger to the public 
involved”, 

The AEC’s reaction to these charges, 
outlined in a statement hastily distri- 
buted by its press office, is that there 
is not much danger of diversion of 
weapons-grade material at present be- 


wna 


AFTER years of debating the con- 
struction of nuclear power stations, a 
proposition always vetoed by officials 
in the Finance Ministry because over- 


More criticism 
of nuclear 
safeguards 


Colin Norman, Washington 


cause very little highly enriched 
uranium or plutonium is used to fuel 
the light water reactors which now 
form the basis of the nuclear power 
programme. But the commission added 
that it is “taking a hard look at the 
study to determine what additional 
measures should be taken to further 
strengthen the requirements to safe- 
guard nuclear materials from theft”. 

The point is, however, that towards 
the end of the 1970s light water reactors 
will probably be operating on a pluton- 
ium cycle, which means that large 
quantities of weapons-grade nuclear 
material will be shipped around the 
country as reactor fuel. And if the fast 
breeder reactor lives up to the AEC’s 
expectations, by the end of the century 
the amount of nuclear material flowing 
through the power programme could 
be sufficient to manufacture a quarter 
of a million bombs a year. 

The study first finds fault with the 
system for accounting for nuclear 
materials in the fuel cycle. “The un- 
certainties in the accumulated material 
balances of the atomic energy opera- 
tion of the country already make it 
impossible to say that an explosive 





Israel’s nuclear plan 


Nechemia Meyers, Rehovot 
will be issued later this year by the 


mass has not been diverted, and if 
reliance is placed solely on material 
balance methods that statement will 
have to be expanded many, many-fold 
in the near future,” the report says. 
Furthermore, the present system will 
not pick up the diversion of nuclear 
material quickly enough: “A skilled 
diverter [could] have constructed an 
explosive device before the system can 
reach a conclusion that diversion has 
taken place”. 

A major recommendation is that the 
federal government should establish a 
special security force to guard nuclear 
materials in transit and for “all pro- 
tection functions which could require 
the use of force”. The study also recom- 
mends that the commission should forge 
strong relationships with the Central 
Intelligence Agency and the Federal 
Bureau of Investigation to make sure 
that those agencies are devoting suffi- 
zient resources to the problem of 
nuclear theft. 

The whole issue of nuclear safe- 
guards is rapidly building into a potent 
weapon in the hands of nuclear critics 
in the United States, particularly in 
respect of plans to build a string of 
plutonium - producing fast breeder 
reactors around the country. In res- 
ponse to such criticisms, Representative 
Melvin Price, chairman of the powerful 
Joint Committee on Atomic Energy, 
announced last week that his committee 
has launched a special review of the 
mater and will be holding some hear- 
ings later this year. 





Israel and the United States. Uranium 
could be extracted from phosphates 
from the Negev Desert, using locally 
developed methods, but it would still 





have to be enriched abroad. 


seas experts assured them that power 
generated by conventional plants would 
be far less expensive in the foreseeable 
future, the Israeli Government has 
decided to put all its eggs in the nuclear 
basket. 

Minister of Commerce and Industry 
Haim Bar-Lev has announced that from 
1980 onwards, every power station 
built will be nuclear, The 1970s will see 
the construction of Israel’s last new 
conventional power plant and her first 
nuclear one with a power-generating 
capacity of 600 MW,. expected to be 
completed by 1982, when total national 


capacity is expected to be 4,200 MW. 
An 


international tender for con- 
struction of the*nuclear power statfon 


Israel Electric Corporation, which has 
been charged with construction of the 
plant; the Israel Atomic Energy Com- 
mission, which operates the country’s 
two existing research reactors at Sorek 
and Dimona, will be responsible for 
ensuring stringent safety standards. 
While some locally-made equipment 
will be used, reactors will almost cer- 
tainly be bought from the United 
States, and a representative of General 
Electric, Asher Engler, has stated 
that his company is willing to provide 
the® required enriched uranium for 
the first few years of operation but 
that future supplies of the strategically 
important materi! would depend on an 
agreement between the governments of 
© 


Israeli environmentalists say that 
Israel must have atomic power 


stations, they should be located in the 
furthest depths of the Negev, but the 
parched southern half of Israel lacks the 
large quantities of water required by 
nuclear power facilities for cooling 


purposes. 


Whatever the validity of their argu- 


ments, the environmentalists have little 
chance of influencing government policy 
on this project. The first nuclear power 
station will soon be going up, probably 
near the new Mediterranean port town 





of Ashdod. If all goes well, there will 
be seven more by the turn of the 
century. 
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Soviet Scientists 
adopt new ploy 


A UNIQUE international seminar will 
take place on July 1-5 in the Moscow 
apartment of Dr Alexander Voronel, 
a Soviet physicist who lost his job 
last year when he applied for a visa to 
emigrate to Israel. Organised by 19 
Soviet Jewish scientists who have simi 
larly been deprived of their jobs, and 
sponsored by an international board of 
advisors, the seminar is an attempt 
to keep the Soviet scientists in touch 
with developments ın their own 
disciplines. It will undoubtedly pose 
something of a challenge to Soviet 
authorities 

Bearing the rather vague title of 
‘Collective phenomena and the applica- 
tions of physics to other fields of 
science’, the seminar has already met 
with considerable support in the inter- 
national scientific community. A call 
for papers went out some seven weeks 
ago, and according to Dr Norman A 
Chigier, professor of chemical engineer- 
ing at the University of Sheffield, who 
is one of three international secretaries 
for the seminar, about 70 abstracts 
have so far been sent in 

Those who have submitted abstracts 
have been advised to apply for visas to 
enter the Soviet Union, and they have 
been told to make no secret of the 
fact that will be attending the seminar 
when they fill out their applications 
Asked whether the Soviet authorities 
are expected to approve the visa appli 
cations, Chigier said that there is no 
way of knowing in advance, but that 
in the past they have been “unpredict 
able in their visa policies” 

Chigier emphasised that the seminar 
should not be construed as “a con- 
frontation with Soviet authorities”. The 
Soviet Jewish scientists who are organis- 


ing the event have been deprived of 


their right to travel abroad to attend 
scientific meetings and many have also 
been denied requests to attend meetings 
within the Soviet Union. According 


to Dr Edward Stern, professor of 


physics at the University of Washing- 
ton, Seattle, who is also an international 
secretary for the seminar, the meeting 
has been organised to help Soviet 
Jewish scientists “break out of this 
scientific isolation which smothers and 
destroys scientific creativity.” Chigier 
added that the event is “a gesture of 
solidarity” 

All formal scientific meetings in the 
Soviet Union must be approved and 
organised by the USSR Academy of 
Sciences, but by labelling this event a 
seminar and holding it in a private 
apartment the organisers hope to cir- 
cumvent the official regulations govern- 
ing international scientific conferences 





GEOS: launchine in 1976 to measure magnetospheric plasma 


The French in space 


from fhe staff of La Recherche 


THE relaunching of a European space 
policy, which should be confirmed by 
the creation as of mid-June of the 
European Space Agency (ESA), will 
IVe a second wind to French Space 
efforts. The third space power, France 
has in fact launched but twelve satel- 
lites—only nine successfully—in twelve 
years of rather irregular activity. The 
enthusiasm of the first years was fol- 
lowed by an eclipse of three years 
(1965-67), then a stabilisation. , 

For the first time this year the 
French space budget will reach a 
thousand million francs. This is to be 
accompanied by a reorientation of the 
activities of CNES (the National Centre 
for Space Studies) towards greater 
European co-operation. The national 
programme becomes a support activity 
but bilateral operations, principally 
with the United States and the Soviet 
Union, will continue in order to permit 
participation in original programmes 
which are beyond French means. Thus 
scientific experiments will be put 
aboard the American probes OSO-1, 
Pioneer-Venus, IMP-L and Mariner 
Jupiter-Saturne, while the Soviet 
Union will launch two small French 
technological satellites (Sret) and pre- 
pare the experiment EOS (release of a 
French balloon in the atmosphere of 
Venus). Co-operation with Germany 
will come about within a year with the 
launching of two telecommunications 
satellites Symphony). 

Thus France is putting its efforts 
into activities with) the European 
community, in order especially to keep 
ahead of Germany. While continuing 
to participate in the programmes of 


scientific satellites 
devised by ESRO 
Research Orgat 
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e future: French satellites Starlette (Octo- 


oo ber 1974), Castor and Pollux (January 


1975), D2B (mid-1975), D2B-Gamma 
(mid-1976) and Dialogue (end of 1977). 

Thus the career of Diamant BP4 is 
practically finished and if a new ‘dead 
period’ is to be avoided before the 
arrival of the launcher Ariane, sche- 
duled for 1980, a replacement must be 
found immediately. 

Several projects are envisaged by 
CNES, for example a “Z launcher” 
which would use the two upper stages 
of Ariane and which could place 575 
kg into low terrestrial orbit (400 km): 
the capability of Diamant BP4 is only 
170 kg. But in fact the choice of the 
future national light launcher depends 
in part on an eventual programme of 
French military satellites and until now 
it has been uncertain whether this 
would make an entrance before 1980. 


The electronic 
newspaper in view? 

lan Ridpath 

WITH newsprint scarcities the world 
over, this could be an opportune time 
to turn into reality the science-fiction 
dream of an electronic newspaper that 
flashes information into each home at 
the touch of a button. And, as a result 
of a test programme currently under 
way, that is exactly what could be hap- 
pening in the United Kingdom within 
two years. 

These exciting plans stem from the 
realisation that almost every home has 
a data terminal for receiving visual 
transmissions—-a_ television set. The 
broadcasting companies have decided to 
use this exciting facility to provide an 
extra service. 

By coding the electronic newspaper 
transmissions on normal television 
broadcasts, and incorporating a decoder 
in domestic television receivers, the 
system can be run without using any 
extra band space on the already 
crowded airwaves. According to equip- 
ment manufacturers, the extra circuits 
needed in a new receiver would cost a 
thoroughly reasonable £20, although 
adding a converter to an existing set 
might cost between £50 and £100. 

The trick in sending out the data is 
to use two television scan lines that are 
normally redundant. These are lines 
17 and 18, which remain out of sight 
at the top of the picture. Each of these 
lines now contains pulsed information 
for one ‘row’ of the electronic news- 
paper’s ‘page’. A page is a screenful of 
data; there are 24 rows on each page 
and each row has 40 characters. 
Prototype receivers to pick up tht 
year’s forthcoming test transmissions 
are now being produced by industry. 

A newspaper of arounde60 pages’ will 
be produced at first, although up to 99 


pages are possible. The complete set. of 
pages will take less. than 30 sec 

build up inside the receiver’s ‘store ‘ang 
continual changes will be added, second 
by second, as the news comes in. An 
editorial team at the transmitting 
centre will feed news into a computer, 
which will encode it for transmission. 

This service would be particularly 
valuable at times such as elections, but 
for normal use the electronic news- 
paper is likely to carry sports results, 
stock market prices, weather reports, 
and news bulletins. Simple line illustra- 
tions will be possible on the system, and 
the independent channels may well in- 
clude advertising. 

It is difficult to foresee how sales of 
printed newspapers will be affected by 
electronic data transmission to the 
home. Existing radio and television 
coverage has not destroyed the news- 
paper market and the summarised in- 
formation of the electronic newspaper 
may even increase demand for longer 
printed reports. But the potential of the 
system may have more subtle long 
term effects and there is clearly con- 
siderable room for lobbying by inter- 
ested parties. 

At home, the viewer with a suitable 
receiver will be able to watch television 
programmes normally until he decides 
on a change. His set will have a push- 
button console on which he can punch 
up the page number of the electronic 
newspaper he wants. Page | of the paper 
will probably be given over to an index 
of the full contents. The pages of the 
paper, which have been stored in the 
receiver, will then be displayed with 
a header line showing the time to the 
nearest second, thus increasing the 
effect of ‘instant information’. 

Both the BBC and the IBA (Indepen- 
dent Broadcasting Authority) indepen- 
dently developed their own electronic 
newspaper transimssion systems, which 
they have been experimenting with 
since last year. But they have just 
agreed on an improved common system, 
engineering details of which are about 
to be published. 

This standard system, which the pro- 
totype sets are designed to receive, 
enables viewers to pick up transmissions 
on all channels. Test transmissions to 
prove the new system’s potential are to 
begin in the autumn, although it is not 
clear whether members of the public 
will be able to join in the fun of watch- 
ing the editorial teams iron out their 
snags, 

What is certain is that, after the trial 
perjod, a decision will be needed by the 
broadcasting companies, the receiver 
manufacturers and the Ministry of 
Posts and Telecommunications to begin 
full scale public gservices. Tt will be a 
historic decision, for this will be the 
world’s first ° commercially available 
system of its kind. 
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Drug research 
in the UK 


Peter Newmark 


A Serious failing of the drug com- 
panies was recently emphasised by Dr 
J. W. Black in his inaugural lecture as 
professor of pharmacology at Univer- 
sity College, London. Returning to aca- 
demic life after 15 distinguished years 
with ICI and Smith, Kline and French. 
he pointed out that industry was pri- 
marily interested in research and devel- 
opment of those drugs that might cure 
the most common diseases. This makes 
economic sense to the companies but 
means that those who suffer from rarer 
complaints are being cheated of their 
chance of a cure. The victims of, for 
example, multiple sclerosis and mus- 
cular dystrophy are included in this 
deprived category. 

Professor Black offers a two-pronged 
approach to the alleviation of this im- 
balance. First, he ts instigating a novel 
degree course aimed at overcoming the 
deficiences and hence the paucity of 
academic, pharmacological research. 
Second, he suggests a National Drug 
Research Centre to concentrate on 
those areas neglected by industry. 
Where the vast funds for this would 
come from is anybody’s guess. It is a 
sobering thought that of many thou- 
sand folic acid antagonists synthesised 
and investigated to date, only one, 
methotrexate, offers much to the treat- 
ment of cancer. And for those with the 
rarer disease it is only an inapt comfort 
that can be sought in the vast array of 
money-making antidepressants and 
tranquillisers that pour from the labor- 
atories of the drug companies. 

Latest figures compiled by the Office 
of Health conomics in London show 
that expenditure on medical research 
in the United Kingdom topped the £100 


million mark for the first time in the ae 


financial year 1972-73. This represented 
an increase of about one-fifth over the 
previous year, though must be con- 
siderably less in real spending terms. Of 
the total eae the government 
contributed 61°%, charities and trusts a 
notable 13%, and the pharmaceutical 
industry a dwindling 26%. 

These statistics give no indication of 
which areas of medical research bene- 
fited most from the funds, let alone 
what returns were received by the in- 
vestors, be they the public or share- 
holders. One thing that is certain is 
that most pharmaceutical research was 
done by the relevant industry, This is 
probably as it should be. To what ex- 
tent it is in the public interest is less 
certain and the present government its 
not averse to nationalising parts of the 
industry if it feels that this is the best 
action for the nation. 
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THE more one enquires precisely how 
much meaning can be attached to a 
company’s ‘profit’ as presented in its 
annual report, the more the answer 
seems to be ‘relatively little’. This was 
highlighted in a paper by Parker and 
Gibbs presented recently to the Institute 
of Actuaries in London. 

The drift of their paper is that com- 
panies of most kinds, except those in 
service industries, would come up with 
considerably smaller profits if inflation 
were not taken into account in some 
way or another. For example, it is 
conventional accounting practice not 
to take into account inflation when 
amounts are set aside for depreciation 
of plant and machinery, so the profit 
seems to be that much larger and has 
to be dipped into to replace that plant 
or machinery at the inflated prices. 
Likewise, “profits are overstated by the 
inclusion of profits on stock which arise 
solely from a general increase in price 
levels”. 

Parker and Gibbs produce some in- 
teresting findings using the CPP (cur- 
rent purchasing power) method of 
accounting. Here allowance is made for 
inflation by using a single index, for 
example the retail price index, to set up 
the company’s accounts in terms of 
end-of-accounting-year pounds. This is 
a rather crude method, however, for 
it does not take into account the rise 





Microscopic appeal 


David Davies 


A microscope as old as the society 











Business report : 
profit and tax 


Roger Woodham 


in price of a particular commodity, 
which may be much more than the in- 
crease in a broadly based index. 

Parker and Gibbs show that the 
chemicals sector would have earnings 
15% down on average, oil 25% down, 
and general engineering and eletricals 
50% down according to CPP account- 
ing. More specifically, ICI’s earnings for 
1972 would have been 45%, less and 
BP's 65% less. In 1973 BP earnt £310 
million (compared with £70 million in 
1972) but on huge total sales of £4,500 
million. Only detailed analysis will 
reveal what inflation accounting would 
have made of that. 

As J. M. Keynes is thought to have 
said: “It is better to vaguely right 
than precisely wrong”. 


@if the United States Internal Revenue 
Service (IRS) gets its way about the 
taxing of multinational companies 
based in that country, some companies 
may find it financially worthwhile to 
shift more of their research and de- 
velopment effort abroad, 


THE Royal Microscopical Society has 
launched an appeal for £50,000 to 
expand its operations. In particular, it 
plans to increase its educational activi- 
ties and publish its Journal of Micro- 
scopy more frequently. The appeal was 
launched by retiring President, Profes- 
sor A. G. E. Pearse on April 30. 

The society has had a chequered 
career. It was founded in 1839 when 
the microscope was as much as any- 
thing the preserve of amateurs but 
when exciting times were just around 
the corner for microscopists. Leeuwen- 
hoek’s seventeenth century resolving 
power of 1.25 „m had barely been 
improved on but the work of J. J. 
Lister on achromatic objective lens 
systems was just beginning to open up 
new horizons. By 1880 the resolution 
of the best microscopes was down to 
0.2 um and the society’s aim to intro- 
duce and improve the microscope ‘as 
a scientific instrument’ began to be 
achieved. 

Communication amongst microscop- 
ists depends very much on quality re 
production but the society was hardly 
in the forefront of publishing photo- 
micrographs. It had published it$ first 
in 1853 (the ubiquitous proboscis of 
the fly) but it was not until 1906 that 
the Journal's lithographs began to be 
supplanted by photographs. 
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Even the IRS admits that the situa- 
tion is complex, but basically what 
happens now is that tax calculations 
for multinationals in the United States 
do not take into account the fact that 
some earnings outside the United 
States are generated by money spent 
in the United States, for example on 
research and development. 

A company can obtain ‘foreign tax 
credits’ (which can be offset against 
United States tax) in respect of taxes 
paid to foreign governments. The IRS 
wants a proportion of ‘home’ expen- 
diture on research and development to 
be shifted on paper to foreign oper- 
ations, which means less foreign income 
and less foreign tax credits in the United 
States. The IRS has a complex way of 
calculating these credits and, in the 
final analysis, the pre-tax profits of multi- 
nationals based in the United States 
would be reduced—some say by 3%, 
typically. Certain companies, notably in 
the pharmaceutical industry, stand to 
lose more because their research and 
development programmes are part- 
cularly centralised; they would face a 
great pressure to do more research 
abroad. 

The matter is still under consideration 
at the IRS and a decision is not 
expected for some months. The inter- 
ested companies are, however, putting 


up a formidable legal fight. 


After 1890 there was little funda- 
mental technical development possible 
for the optical microscope and the 
society went into a long period of 
decline. “Hibernation” one of its 
officers says, “is too mild a word for 
it”. The question is whether the society 
has now been able to catch up with the 
lost opportunities of the dormant period 
and whether it will be able in the future 
to exert influence in the development 
of microscopy—now, of course, includ- 
ing electron microscopy. Many of the 
educational activities such as teacher 
training, provision of a technician's 
qualification and the publishing of teach- 
ing manuals, the bread and butter of 
many professional societies, are only 
now being planned. Another field that 
one fellow described as needing urgent 
attention is the “abysmally low” genera! 
standard of photomicrograph repro- 
duction in books. Yet another problem 
is that a certain introversion and in- 
scopists seem to possess, perhaps feeling 
their profession is merely a service 
industry. 

The society has a hard pull ahead 
of it with much unglamorous work 
to do in establishing educational 
programmes. If it fails in its appeal, 
it will revert to a journal-producing and 
symposium - organising society, and 
Science will, suffer *thereby. 


$$ ET 








social options 


from the staff of La Recherche 

For the first time at the international 
level, information scientists and com- 
puter architects, sociologists and trade 
union representatives met earlier this 
month in Vienna to try to cope with the 
nagging issue of “Computers and 
Human Choice”. Organised under the 
auspices of the 35-nation International 
Federation for Information Processing- 
(IFIP) and the Austrian Cybernetic 
Society, the conference nicely comple- 
mented a symposium held two months 
earlier in Amsterdam, when the Inter- 
national Federation for Automatic 
-Control pondered the problem of 
“Productivity and Man”. Both meetings 
are clear evidence of the concern shown 
by professional societies for how today’s 
machines are amplifying human mind 
and muscle and where the mechanical 
surrogate leaves man. 

The job which the IFIP has set for 
itself is a big one: in the words of its 
president, Heinz Zemanek, it is “to 
stress the social aspects of the computer 
~~to re-establish the human being as the 
centre of our existence”. Large scale 
information systems have been moti- 
vated, to date, largely by industrial and 
commercial needs. (The military com- 
pulsions were not treated by the con- 
ferees at Vienna.) Harold Sackman 
(RAND Corporation) estimated, for 
example, that the public treasury of the 
United States has spent about $100 
thousand million thus far “on the 
development of computer services of all 
kinds, and the rest of the world has 
spent probably the same amount. But 
the individual citizen is the last to see a 
direct, useful return on his investment.” 
Or, as expressed more effectively by 
John M. Carroll (University of Western 
Ontario), “the computer may be 
regarded by some as a repressive instru- 
ment which serves the causes of 
governments, corporations and large 
institutions. The common man too often 
sees himself as billed by them. taxed, 
enumerated, administered, manipulated, 
controlled—-creased, folded, spindled 
and mutilated.” 

There is hope, nonetheless, that the 
social options open to the wizards of 
computing will prove to be more 
humane in the years to come. Citing a 
recent report by the Japan Computer 
Usage Analysis Institute, Alfred Dal- 
linger of the Austrian trade union of 
white collar workers reminded the meet- 
ing of the following time spread noted 
by the Japanese in the application of 
large scale information handling 
systems: 1945-70, ‘big science,’ 1955—80, 
the management base, and eons 
the individual base? ° 

With this projection in mind Ulrich 


economic and political 


Bis (WE Gai erman T řade 
Federation at Dusseldorf) noted that 
one of the key problems in the long 
range strategy of organised labour is 
“whether it is better to fight for an 
improvement of the situation of employ- 
ees... with no involvement in manage- 
ment decisions or. . . it is more 
advantageous to participate actively and 
cooperatively.” In other words, does the 
noninvolvement of the employee in the 
management process lead to worker 
alienation? Kristen Nygaard, a com- 
puter scientist who ts also an executive 
of Norway’s labour union federation, 
could foresee that trade unions would 
help improve system design as labour 
becomes better informed, “as it acquires 
more information and, therefore, more 
power in the management~worker 
relationship. | could not see the unions 
in my country.” he added, “approving 
the installation of visual terminals on 








the shopfloor unless these were two-way 
links.” 

That the computer is not devoted 
principally to inventory and marketing 
problems or to payroll and insurance 
calculations was evidenced by some of 


the extensive (and impressive) social 
applications found for the computer in 
different geographical and ideological 
settings. G. R. Waddell, computer 
comptroller of the Edinburgh Corpora- 
tion, explained the enormously complex 
base of accounting, personnel and 
multiple urban data comprising the 
municipal management information 
system (MIS) required to run the city 
of Edinburgh. Carroll described the 
experience in London (Ontario) of 
installing a “people's computer as an 
aid to democracy”, of providing “the 
common man with easy access to com- 
putêr facilities to even up the social, 
balance of 
in the farm of a nongovern- 
information service in 
And Burt Nanus, 
Center for Futures 


power” 
mental urban 
that communety. 
diretor of the 
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California, recalled that a Delphi study 
made for the American Federation of 
Information Processing Societies showed 
how MIS could “strengthen multi- 
national public enterprises in such areas 
as [education] public health, criminal 
justice, pollution control, weather fore- 
casting and disaster control, with major 
impacts before 1985”. 

An area of principal concern to the 
IFIP colloquium was that of fair in- 
formation practices. Bo Hedberg 
(International Institute of Manage- 
ment, Berlin) emphasised that “we 
are approaching an information-rich 
society’. System design of the means to 
process these data usefully, Hedberg 
continued, “is concerned with the 
distribution of power, imolicitly or 
explicitly”. Willis Ware, an engineer at 
RAND, proposed the creation by legis- 
lative action of a “code of fair in- 
formation practice or perhaps an 
Informational Bill of Rights” in an 
effort to define, nationally then inter- 
nationally, what is fair behaviour in this 
realm. “establishing safeguards and 
deterring deviation by judicial process 
and appropriate penalties”. The IFIP 
agreed that it will examine the optimal 

methods, through an ad hoc computers- 
and-society committee, in order to deal 
with this and similar issues raised during 
the week-long deliberations. 

Although some expressed the appre- 
hension that “the electronic world is 
passing us by as we sit here debating-—— 
Nero fiddling while Rome burns,” the 
last and far from pessimistic word on 
the subject went to the . venerable, 
Russian-born physicist Lew Kowarski 
(CERN). He underlined his trust in 
man’s use of the computer when he 
declared that the latter, “while it will 
relieve us of burdens, could also relieve 
us of all that makes life worth living. 
Before I count on the unforeseen—and 
therein lies our hope, albeit a pious one. 
The danger in computers comes not 
from the experts, but from the 
profiteers.” 


Australian answer 


Peter Pockley, Sydney 

AFTER studies by various Australian 
government departments, the Russian 
request to set up a joint facility “for 
photographing space objects and studies 
of the upper atmosphere,” reported 
recently in Nature, has been rejected. 
The announcement was made on the 
same day that Prime Minister Whitlam 
called a snap general election. In the 
e'ection atmosphere, the Labour Party 
could not afford the predictable attacks 
on grounds of favouring communists 
above capitalists, even if the scientific 
arguments in favour of the facility had 
been sound. 
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Maternal transmission 
of hepatitis 


INTEREST in the transmission of viral hepatitis from the 
mother to her offspring is not new. The effects of hepatitis 
on the course of pregnancy and on the foetus have been 
studied since the report by Saint-Vel in 1862 on an 
epidemic of severe hepatitis in pregnant women in 
Martinique (Gaz. Hôp. civ. milir. Paris, 35, 538: 1862). The 
world literature contains scanty and incomplete data and 
numerous divergent views. Stokes and associates (J. Amer. 
med. Ass., 514, 1059; 1954) presented evidence of ‘silent 
carriage’ of hepatitis B virus, and it is relevant to examine 
this paper in detail now that specific laboratory tests are 
available for hepatitis B and the problem of maternal 
transmission of this infection is being actively investigated. 

One carrier described by Stokes was known to have 
transmitted hepatitis to at least four out of twelve recipi- 
ents of his blood over a period of 3 years. His blood was 
also administered to four male volunteers, one of whom 
developed hepatitis. The second carrier is of particular 
interest. She was the mother of an infant who developed 
hepatitis at the age of 2 months. Volunteers given serum 
from her and her infant developed hepatitis. The third 
carrier was known to have transmitted hepatitis to four 
recipients of his blood, including one volunteer. The impact 
of apparently healthy carriers of hepatitis B virus on 
blood transfusion services and indeed on every aspect of 
medical practice is generally recognised. The problem of 
maternal transmission is just beginning to emerge. 

Turner and colleagues (Archs Dis. Childh., 46, 616: 1971) 
reported the case of a young man who contracted hepatitis 
B after injection with an unsterile syringe. His wife, who 
was pregnant, developed the infection some 9 weeks later 
and her baby was born prematurely. After 59 days hepatitis 
B antigen was detected in the child’s serum and antigenaemia 
had persisted so far through the first 2 years of life. The 
child remained clinically well but with some biochemical 
evidence of liver damage. Wright and associates (Brit. med. 
J., 4, 719: 1970) previously described the clinical history 
of a young dental assistant who developed jaundice late 
during her pregancy. She was delivered of a normal female 
infant who, in turn, became jaundiced at the age of 5 
months. Hepatitis B antigen was detected repeatedly in 
the infant’s serum and in the mother’s serum tested when 
the infant was admitted to hospital. Liver biopsy of the 
infant at the age of a year revealed chronic active hepatitis 
and cirrhosis. The mother, 
mained symptom-free and her liver function tests were 
normal. Ohbayashi and colleagues (Gastroenterology, 62, 
618; 1972) tested sera collected in Japan from fifty-four 
members of three families with chronic liver disease or 
primary liver cancer. Hepatitis B antigen was detected in 
fourteen of fifteen affected members of the families and 
their siblings and in twenty of the twenty-four children 
of the female siblings. By contrast, the antigen was de- 
tected in only one of the eight children of the male 
siblings, and the antigen was found in the serum of his 
mother. 

The finding of the antigen in these three families co- 
incided remarkably well with the distribution of severe 








on the other hand, had re- 






in ten families in Japan since 1963 Or he i t 
affected members of these families, eleven died of 
and nine died of cirrhosis and liver cancer, It is i 
that successive occurrence of liver disease for two 4 
tions was recognised in seven of the ten families, a 
mother or her siblings were affected in each fam 
next report by Merrill and her colleagues (New È 
Med., 287, 1280; 1972) illustrates the other end 
spectrum. Of five children born to mothers wa 
hepatitis B infection at the time of delivery, four 
the antigen 6-12 weeks after birth, but they f 
clinically well and fulfilled the criteria for š 
carriers. The fifth mother-child case is of inte 
the infant had hepatitis B antibody in his ser am a 
(as did his mother) and he did not acquire the a 
Schweitzer and colleagues (Gastroenterology, | 
1973) investigated some of the factors influencing © 
infection by hepatitis B virus. A striking diferenc 
frequency of infection was noted between ima 
mothers who had acute hepatitis B and those whe 





sistent antigenaemia, especially 
occurred near the time of delivery. By contrast, oi 
of twenty-one symptomless maternal carriers had a 
who became antigen positive. The antigen was dete 
radioimmunoassay in nearly half of twenty-one ut 
cord sera tested. The placental barrier to the ar 
not seem to differ in the acutely infected mother fron 
in the healthy carrier, and the presence of antigen 
cord blood was not necessarily related to 
acquisition of the antigen by the infant. In set 
Schweitzer er al. (Amer. J. Med., 55, 762; 
that the frequency of transmission of 4A 
mother to infant was high (76%) when acute | i 
occurred during the third trimester of pregnancy 
in the postpartum period, and low (10%) when he 
occurred during the first 6 months of pregnancy 
hepatitis developed in two of seventeen infants a 
illness in both was mild, antigenaemia was tran: 
the homologous antibody developed during conve 
No clinical illness was observed in thirteen infz 
infants were lost to the survey), but the antigen p 
in their serum accompanied by prolonged elevati 
enzyme frequently associated with liver damag 
biopsy performed on ten infants revealed this i 
features of unresolved hepatitis and increased portal 
was present in one infant. On electron microscopy, suru 
like particles were found in the nuclei of six out of nine 
antigen-positive infants examined. Dunn and colleagues 
(Exp. molec, Path., 19, 113; 1973) found virus-l like particles 
in explant cultures prepared from the remaining porcons 
of some of these biopsies and they concluded that the 
particles proliferated within the nuclei of the liver sells. 

In a mor® recent study on maternal transmission of 
hepatitis, Ma&zur er al., (Nature, 274, 41, 1974) dei termined 
the subtypes of hepatitis B antigen in 174 positive era 
collected together with pedigrees in eighteen yillages ip 
south central Bougainville, an island in Oceania 
different combinatidbns of antigens were segregating in 
eleven out bf thirty-two temic tested, indicating that 
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these carriers had not been infected by each other nor 
from the same source. In families where the mother was 
a carrier, however, the twenty-two children who had anti- 


as their mother. Among the twelve families where the 
mother was positive only one had mixed subtypes; while 
ten out of twenty families in which the mother did not 
carry the antigen had antigen of different subtype. Among 
six families in which the father was positive, mixed sub- 
types were found in four of the families. 

The data thus suggest that vertical transmission from 
mothers to their children occurs, and also that horizontal 
transmission clearly takes place. Although vertical trans- 
mission and perinatal transmission from mother to child 
occur, the relative importance of each mode of trans- 
mission is not yet determined. 

The significance of hepatitis B infection tn early life les 
not only in its relation to liver disease but also in its 
importance in the genesis of prolonged carriage of hepa- 
titis B viris. Zuckerman and Taylor (Nature, 223, 81: 1969) 
described a well-documented healthy former blood donor 
carrying hepatitis B antigen for at least 20 years. That a 
reservoir of chronic carriers may become established among 
children is, therefore, a cause for the utmost concern 
to the community. Methods for passive immunisation of 
susceptible newborn infants are already under evaluation, 
but the need for safe and effective vaccines is pressing. As 
a corollary the serum of pregnant women should now be 
routinely examined for hepatitis B antigen. 

ARIE J. ZUCKERMAN 


More to muscle 
than myosin 


IN ways not anticipated, myogenesis has yoked in an uneasy 
alliance muscle biochemistry, molecular genetics and cell 
differentiation. The finding of Ishikawa and colleagues 
(J. Cell Biol., 43, 312: 1969) that arrow-head complexes— 
the sine qua non of actin-—-can be induced by H-meromyo- 
sin in the cortical regions of cartilage, nerve and intestinal 
epithelial cells, as well as in many kinds of embryonic cells, 
has been confirmed in many laboratories. Adelstein and 
colleagues (Proc. natn. Acad. Sci. U.S.A., 69, 3693: 1972) 
and others have found myosin in platelets, fibroblasts and 
nerve cells. Tropomyosin, the third of the contractile protein 
triumverate, has also been found in several cell types 
(Cohen and Cohen, J. molec. Biol., 68, 383; 1972). Clearly 
many kinds of cell synthesise molecules identical or similar 
to actin, myosin and tropomyosin—molecules not long 
ago thought to be unique to terminally differentiated muscle 
cells. 

Such results might satisfy the egos of muscle biochemists, 
but perplex those attempting to understand cell differenti- 
ation. Current models assume that the differentiated state is 
based on the activity of different sets of genes in different 
kinds of cells. A possible resolution of the dilemma of 
ubiquitous contractile proteins, and one with considerable 
theoretical implications for other aspects of differentiation. 
is the notion that there are several structural genes for 
different myosins and different tropomyosins, and that in 
different kinds of cell different myosin and tropomyosin 
genes are transcribed. Consistent with this scheme is the 
finding that the myosin light chains and the [MM portion 
of the myosin rod are products of different structural genes 
in fast, slow, smooth and cardiac muscles. Possibly during 
the differentiation of fast muscle, only those structural genes 
for fast myosin and fast tropomyosin become available for 
transcription and translatioh, whereas during the differenfla- 
tion of platelets or cartilage cells two*other sets of genes 

2. 
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If at first 
you don’t succeed... 


RADIOASTRONOMERS are about to begin another 
programme of ‘listening’ for signals from intelligent 
life within our Galaxy. Since the days of the original 
Project Ozma a decade and a half ago, radio observing 
equipment and techniques have improved and the 
rationale behind such a search has become more 
sophisticated. Previous efforts chiefly concentrated on 
hydrogen frequencies, since hydrogen is the most 
abundant element in the Universe. But recently there 
has been a growing feeling that any really intelligent 
race would probably preserve just these frequencies as 
free from artificial noise, because of their importance 
to radioastronomers. So the new investigation, which 
begins on May 8, will be using frequencies appropriate 
to emission from water. 

The rationale behind this is partly the importance 
of water to life as human beings know it. In the wild, 
creatures meet at the water hole, so why not try the 
same sort of thing for contact between ourselves and 
extraterrestrial creatures? The frequencies are also 
ones which have been found in natural astronomical 
sources, notably clouds of gas and dust believed to be 
associated with young, forming stars. They are not 
expected to occur naturally in the region of older 
stars, which improves the likelihood that any such 
‘signal’ from near such a Star is a sign of life. 

The astronomers responsible for this particular in- 
vestigation are P. Feldman, of York University, 
Ontario, and A. Bridle of Queen’s University, King- 
ston, Ontario: their programme involves the 150-foot 
Algonquin telescope, and is a “passive” one-—Bridle is 
reported as saying that “we would not be capable of 
sending a signal our own equipment could detect over 
interstellar distances”. Some six stars will be studied 
intensively from time to time (the first observing 
period devoted to the programme is 5 days) and 300 to 
500 stars will be looked at more briefly over a year or 
two. The targets have been chosen on the basis that 
they are non-variable, slowly rotating (and so likely 
to have planets) and middle-aged (so that intelligence 
has had time to evolve). 

News of this project arouses mixed feelings, since 
the 150-foot is a valuable instrument that might 
arguably be used for ‘better things’—in the sense 
of studies which would definitely produce results. But 
5 days here and there need be no great loss, and there 
will, of course, be no quibbling about the project if 
the North American team hit the jackpot. 

JOHN GRIBBIN 


for myosin and tropomyosin become available. This means 
that the genes for platelet or cartilage myosins are no more 
available in skeletal muscle cells than are the genes for 
albumin or pituitary hormone. 

This ready solution, regrettably, is not as likely to explain 
the role of actin in the developmental programmes of vir- 
tually all cells. The issue with this strikingly conservative 
protein is whether the products of a single structural gene 
can be toupled to different kinds of myosins and tropomyo- 
sins, or whether there are several identical actin genes 
possibly even in different chromosomes participating in 
different developmental programmes. Circumstantial 
evidence for the latter stems from experiments showing that 
bromodeoxyuridine (BUdR)-suppressed myogenic cells 
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synthesise actin destined for the cell 
surface, whereas actin for thin filaments 
does nor Eaten late. 







lar weight of 
evidence for the 
sin (Yaffe and Dym, 
fi tarb. Symp. quant. Biol., 
43.. 1972) then all cells, including 
icating presumptive myoblasts, 
nscribing and translating 
s for some kind of myosin. 
wdingly it is not surprising that 
Rubinstein and colleagues (Biochem. 
biophys. Res. Commun., 57, 438: 1974) 
now report that myosin and actin are 
indeed coordinately synthesised and 
turned over, not only in myotubes but 
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also in mononucleated presumptive 
myoblasts, cartilage cells, fibroblasts 


and BUdR-suppressed myogenic cells. 
Lastly, a smouldering controversy 
of considerable interest to molecular 
geneticists exists between those who 
claim that myoblasts withdraw from 
the cell cycle as a precondition to 
fusion, and those who claim that ces- 
sation of DNA synthesis results from 
fusion. The most emphatic statement 
of the second position is that of eae 
ing and Fischman (Devi Biol., 36, 225 


1974). Based on what is termed a Hof 
fusion” index they conclude that myo- 


genic cells whose DNA synthesis is 
blocked by Ara-C fuse; according to 


these authors replicating myogenic 
cells have the option to replicate, or 
to fuse, and, as a consequence of fus- 


ing, cease replicating. Before these im- 
portant conclusions can be accepted, 
however, it should be noted that: (1) 
Ara-C is routinely used to kill replicat- 
ing cells, so that the design of the 
Doering and Fischman experiment 
must yield a spuriously high “% 
fusion” index: (2) early fusion cannot 
be measured with the light microscope: 
and (3) it is impossible to distinguish 
‘fibroblasts’ from presumptive myo- 
blasts. Given these uncertainties it will 


be imteresting to see if those who 
speculate that myoblasts withdrew 


from the cell cycle as a precondition to 
fusion can devise more cogent experi- 
ments. H. HOLTZER 


Slaved disk model 
for Hercules X-1 


from James Pringie 

A POSSIBLE solution to some of the 
e puzzling aspects of the X-ray star 

-1 has been proposed in a 

by Roberts (Astrophys. J., 
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of 1.24 s and the source of X rays is 
one member of a binary star system 
which has an orbital period of 1.7 d. 
The X-ray source is thought to be a 
neutron star with a strong dipole 
magnetic field and the X rays are pro- 
duced by material transferred from the 
‘normal star of the binary system 
accreting on to the compact neutron 


star. Because of the strong magnetic 
field, the accreting material is chan- 


nelled down on to the magnetic polar 
caps of the neutron star dissipating its 
kinetic energy of infall when it strikes 
the surface. So much energy is liberated 
in such a small region that the tempera- 
ture rises to more than 10° K. Thus most 
of the radiation emerges as X rays. The 
two magnetic polar caps are then two 
X-ray emitting hotspots: if the magnetic 
axis is offset from the rotation axis, 
rotation of the star with a 1.24 s period 
provides a natural explanation of why 


the observed X rays are regularly 
pulsed. 
Furthermore, the X-ray source dis- 


plays a third periodicity. The X rays 
are visible for only about 10 to 12 
consecutive days, reappearing regularly 
at 35-d intervals. Explanations of this 
phenomenon--for example, variable 
mass transfer or precession of the puls- 
ing neutron star--have difficulty in 
accounting for another aspect of the 
problem. The ‘normal’ component of 
the binary system was identified in 1972 
as the previously known variable star 
HZ Herculis. This star is so close to the 
luminous X-ray source that X-ray heat- 
ing causes one side of it to be about 
four times brighter than the other. The 
brightened face follows the neutron 
star around its orbit, and thus HZ Her 
can be observed to vary regularly in 
brightness with a period of 1.7 d. The 
puzzling feature of this 1.7-d optical 
variation is that, although the X rays 
can be seen for only 10 out of every 
35 d, the heating of the side of HZ Her 
nearest to the X-ray source continues 
throughout the cycle, even when no 
X rays are observed. 

Roberts’ explanation of this is quite 
simple. He suggests that HZ Her has 
its rotation axis at an angle to the 
orbital rotation axis. In this case, the 
rotation axis of HZ Her precesses about 
the orbital rotation axis with a period 
of about 35 d. The material transferred 
by HZ Her towards its companion has 
too much angular momentum to be able 
to fall on to it directly and, instead, 
forms an accretion disk around the 
neutron star. In the disk, viscosity trans- 
fers angular momentum outwards, 
allowing the material to spiral Slowly 
inwards. Roberts notes that the® disk, 
which is opaque to X rays, will lie in 
the plane perpendicular to HZ Her’s 
rotation axis, and thus in general not 
in the orbital, plane eof the system. 
Roberts names this the Slaved “Orien- 













































tated Disk, or SOD for short. F 
angle between our line of sig 
X-ray source and the plane of- 
varies with the 35-d precession ” 
of HZ Her. Since the %-ray : 


only be seen when this a 
sufficiently large, one expects 


visibility of the X rays to vary 3 
35-d period. On t ther -h 
Her is so close to t 
the (X-ray) shadow cas 
by the disk is quite sma 
expects the heating of H 
continue, even when the d 
arily obscures the X-ray sotie 
observation, 
This is by no means the wi 
Roberts also explains uae 
axes might be expected — 
aligned and shows how | 
account for several further ob 
details. There are now a P 
models which seem to accou 
35-d period of Her X- 
associated problems, but no! 
yet performed any detailed cal 
Roberts, however, excuses himi 








Principle “Never cae a ied 
you already know the answer” 


Asia as a 


from Peter J. Smith 
Geomagnetism Correspondent 
WHETHER or not it is realistic 4 
pose that any of the present ¢ 
could have formed by the a 
separate crustal blocks, the 
question of continental | 
tinues to receive cons 
Most recently the í 
particularly on Africa 
Piper er al., Nature, 
with new evidence sugg t 
orogenic belts between 
cratonic areas of that conti 
not be sutural but more f 
formed in situ, although the 
what Kropotkin (Foes, 0: 
has termed the “composte cë 
was actually first applied to 
Argand (Coll, Rep. [3th . 
Congr. 1922, 1, 171; 1924) ju 
ago and long before the n 
tectonics had been thought of. 
Since then, evidence supporting the 
composite nature of Asia has 
adduced from palacomagnetism, | 
aeontology, geology and petrot cioni 
In a useful and commendably concise 
article Burrett (Earth planer. Sei. Lett., 
21, 181; 1974) has now brought ail th 
data together to delineate the Asian 
block boundaries and to estimat 
timings of the various HSK 
thought to be involved. Alt 
field information is not entirely. 
ir all cases, therë seem to be aoon 
nine blocks present: and Burrett sum- 
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marises the evidence for each. 

The general conclusion that Burrett 
comes to is that the coincidence of 
orogenic belts containing zones of high 
pressure metamorphism, ophiolites and 
dzep water sediments with faunal pro- 
vince boundaries only makes sense in 
plate tectonic terms, the belts being 
the sutures along which the crustal 
fragments collided and coalesced. He 
then on to discuss when these 
collisions took place, beginning with 
the assumption that in the Lower 
Palaeozoic the various blocks were 
separated by considerable widths of 
oceanic crust. According to this analy- 
sis the first collision took place in the 
Upper Carboniferous, although the 
fusion of all blocks into what is now 
Asia was not complete until well into 
the Mesozoic. 

Burrett admits that his 
based on “very incomplete data” but 
nevertheless suggests that “there does 
not appear to be much room in which 
to alter the boundaries of the blocks 
here identified nor the timing of their 
collisions”. It remains to be seen 
whether, as in the case of the African 
orogenic belts, a static model can be 
made to explain the data even more 
convincingly. 
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Sources of 
natural radiation 


from J. R. A. Lakey 

THE largest source of ionising radia- 
tion exposure to the United Kingdom 
population originates from terrestial 
and cosmic radiation. This natural 
radiation was the subject of a meeting 
of the Society for Radiological Protect- 
ion held on April 2. C. R. Hill (Insti- 


tute of Cancer Research, Sutton) 
stressed that the exposure is by no 
means uniform. The living habits of 


human beings have a marked effect on 
the dose because of the natural radio- 
nuclides in the diet and the radioactivity 
of building materials. These differences 
have been exploited—in attempts to 
deduce a dose/effect relationship—but 
with little success because control 
populations are hard to find. Neverthe- 
less there has been some pressure to use 
the apparently solid ground of natural 
radiation exposures as a basis for set- 
ting radiation protection standards. The 
International Commission on Radio- 
logical Protection has not made 
recommendations on this basis but J. 
Vennart (Medical Research Council, 
Radiobiology Unit, Harwell) reminded 
the society that natural radiation is 
deliberately neglected and controls are 
applied only to artificial radiation 
exposure. 

An interesting dilemma arises from 


its 


. . e . è . 
the use of building materials which Aare 


naturally radioactive. G. A. M. Webb, 


(National Radiological Protection 
Board. Harwell) revealed that the Soviet 
Union has limits designed to avoid ‘ab- 
normal’ radiation exposure and pro- 
hibits building materials containing 
more than 10 pico curies of radium- 
226 per gram. Most building materials 
are not significantly radioactive so that 
the house walls and foundation act as 
a Shield against natural radiation ex- 
posure 

Several speakers referred to the more 
insiduous radon-222 which is present in 
air at around 0.1 pico curies per litre 
and in some cases appears in drinking 
water at concentration as high as one 
million pico curies per litre. E. L 
Hamilton (Institute of Marine Environ- 
mental Research, Plymouth) said that 
the apparently inexplicable variations in 
the activity of radon in drinking water 
occur because the gas can move through 
the crack system from rocks as deep as 
3.000 m. 

The dose from natural radiation has 
been reviewed extensively by the United 


Nations Scientific Committee on the 
Effects of Atomic Radiation (UN- 
SCEAR). F. W. Spiers University of 


Leeds) discussed the dose due to inter- 
nally deposited radioactivity, and said 
that doses reported by UNSCEAR for 
cortical and trabecular bone should 


revised. The fat cells, which account 
for 53% of bone marrow, concentraie 
carbon-14 and the dose becomes four 


times higher than UNSCEAR reported. 
Surface-seeking alpha emitters also in- 
crease the dose to osteoblasts lining the 
cavities in bone. The genetic effect of 
natural radiation has been of most con- 
cern to human populations and it must 
account for some of the births subject 
to genetic disease, R. J. Berry (Royal 
Free Hospital, London) said that the 
radiation dose to double the mutation 
rate is thought to be between 30 to 80 
roentgens. Nobody has been able to 
correlate natural radiation dose with 
genetic diseases and it is not necessarily 
correct to assume that all mutations are 
harmful. Indeed there is some evidence 
to suggest that some radiation-induced 
effects are repaired. 


Sendai virus 
receptors in a model 
membrane 


from a Correspondent 

Very little is Known about the first step 
in replication of animal viruses—the 
absorption of the virus to receptors of 
the ‘host cell. It is surprising, for 
instafice, that the question of whether 
the small oncogenic DNA viruses bind 
to specific cell receptors is still un- 
resolved. By contr&st, the complement- 
arity involvede in the reaction of 
myxoviruses and paramyxoviruses, such 
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Electron micrograph of Sendai virus 
adsorbed to a ganglioside-containing 


liposome. The virus can be distin- 

guished by the spikes on the outer 

surface. The length of the attachment 

of the two viruses is 2,100 and 

2,500 A. The bar represents 1,000 A. 

(From Haywood, J. molec. Biol. 83, 
427; 1974.) 


as Sendai virus, with specific receptors, 
at least in the non-permissive erythro- 
cyte, is well known. Haywood (J. molec 
Biol., 83, 427-436: 1974) has extended 
this system to a study of the interaction 
of Sendai virus with a model membrane 
incorporating the specific receptors, 

Sendai virus has a spiked appearance, 
the spikes being surface glycoproteins 
which absorb to sialic acid groups of the 
receptors of erythrocytes and presum- 
ably also of permissive host cells. Hay- 
wood now reports that sialic acid 
groups of gangliosides work well as 
receptors for Sendai virus if they 
incorporated into synthetic lipid mem- 
branes at relatively high surface density. 
Electron micrographs show virus par- 
ticles absorbed to the liposomes contain- 
ing ganglioside along long = stretches 
(210 nm-250 nm) of the virion. Assum- 
ing the area of attachment to be a circle 
of this diameter, then it seems that the 
virion is absorbed to a considerable 
patch of membrane and makes multiple 
attachments between spike glycopro- 
teins and clusters of gangliosides, per- 
haps as many as 3,000. It would be 
interesting to know if the clustering of 
receptor molecules is actually induced by 
binding to the virus. If then this 
process might be related to cell fusion 
induced by viruses such as Sendai, since 
high local concentrations of gangliosides 
destabilise lipid bilayers. 

The absorption of Sendai 


are 
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virus to 
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liposomes is specific for Structures con- 
taining gangliosides or a. positive lipid 
such as stearylamine. The types of bind- 
ing to these two sorts of liposomes are 
clearly differentiated, however, since 
only the membranes which incorporate 
the sialic groups can compete effectively 
for virus in mixture with erythrocytes. 
The weak nonspecific binding of Sendai 
virus to liposomes containing steary- 
lamine is probably electrostactic since 
the virions have a net negative charge. 
The way in which sialic acid groups 
are presented to the virus is of prime 
importance for high affinity binding. 
For example, very small liposomes con- 
taining gangliosides obtained by sonica- 
tion are less potent inhibitors of viral 
haemagluttination than are liposomes 
with a greater total surface area. 
Second, ganglioside micelles do not 
compete with erythrocytes for virus. 
Probably both a threshold surface area 
and ganglioside density are needed in 
order that the virus can make a critical 
number of contracts with the absorbing 
surface. A somewhat similar interpreta- 
tion probably explains the finding, made 
earlier by several groups. that the tight- 
ness of binding of myxoviruses to 
sialoglycoproteins depends critically on 
the molecular size and is drastically 
decreased by proteolysis of the receptor 
glycoproteins. The reason that a large 
number of contacts are required for firm 
attachment to receptors containing sialic 
acid might be explained if the bond 
energy between receptor groups and 
viral spike glycoproteins is low. 
Whether gangliosides or sialoglyco- 
proteins or both are the naturally 
important receptors for Sendai virus in 
cells which support a lytic infection is 
unknown. Haywood suggests that the 
probable topography of the cell surface 
is such that the first viral contacts may 
be with glycoproteins, after which 
virions are handed over to gangliosides 
Situated nearer to the bilayer and in a 
better position to initiate events leading 
to penetration. Perhaps this process 
involves the viral neuraminidase in 
localised reactions which break the 
initial binding of virions to receptor 
glycoproteins and allow attachment to 
internal gangliosides to take place. 


New advances 
in SEM 


from a Correspondent 

AT the seventh Annual IIT Research 
Institute Symposium on Scanning 
Electron Microscopy in Chicago from 
April 7 to lH, probably the most 
significant advance in instrumentation 
was that reported by O. Wells and A. 
Broers (IBM Research Laboratories), 
These workers immersed the specimen 
in the high field region of the final lens 





and collected the low energy loss 
electrons coming from the edge of a 
highly tilted specimen. They were then 
able to demonstrate centre/centre 
resolution of 3 nm and an edge reso- 
lution of 1.5 nm. The instrument used 
was the 100 Kv LaBs gun designed 
by Broers, who thought that the reso- 
lution could now only be further im- 
proved by using a single crystal of 
LaB; to replace the finely pointed 
sintred rod, 

M. Isaacson (University of Chicago) 
presented a frank discussion of the 
problems associated with specimen 
preparation for the high resolution 
scanning transmission electron micro- 
scope presently under development in 
several laboratories. Although the 
instrumental potential now exists for 
atomic resolution, specimen contamina- 
tion and beam damage represent real 
problems which must be solved before 
a wide range of biological macromole- 
cules are going to be imaged in these 
new microscopes. Isaacson and his col- 
leagues considered the answer to these 
problems lay in the use of LHe H 
stages, low atomic weight negative 
stains and computer image processing 
to remove background noise. 

Several speakers discussed real- 
time stereo viewing and dimensional 
reconstruction of stereo pairs. A. Boyde 
(University College, London) outlined 
the problems associated with such 
reconstructions and demonstrated the 
usefulness of the method in analyses 
of complex tri-dimensional objects and 
in interpreting dynamic experiments in 
the microscope. But the most convinc- 
ing demonstration of real-time stereo 
viewing was given by E. Chatfield and 
colleagues (Ontario Research Founda- 
tion). By using a single post lens de- 
flection coil they took a dual signal 
which was displayed on a colour TV 
set utilising the red and green guns. 
The image could then be viewed using 
red and green separation filters in 
order to reconstitute the 3D image. 

N. Barbi and colleagues (Prairie 
View, Illinois) gave some data on a 
windowless energy dispersive X-ray de- 
tector in which it was claimed that 
they are able to get significant signals 
for C, O and N though problems of 
contamination and beam collimation 
still remain. There were several com- 
ments on some of the ancillary tech- 
niques associated with SEM, including 
advances in cathodoluminescence, auto- 
radiography and histochemistry. None, 
however, demonstrated the necessary 
breakthrough which would make these 
techniques of any significant uSe in 
scanning microscopy. In the biolégical 
sciences, J. Nowell (University of Cali- 
fornia at Davis) gave more details of 
the injection replication technique for 
internal cavities of angmal tissue and 
W. Humphreys and colleagues %Uni- 






versity of Georgia) outlined a useful 
varlation on the critical point 
technique which enables cry: ofractured 
specimens to be visualised in the SEM. 

Scanning electron microscopy seems 
to have come of age and there are 
now more than 25 different models of 
microscope from which to choose. Th he 
HTRI SEM symposia have | 
small part in the srow! 
ject and it will Aa of inte 
whether future meetings can 
to contribute to the requir 
scanning electron microsce 
not degenerate into a dreary catal 
of photographs of what can be 
using this instrument. 
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For many years discussions of 
reaction rates have centred on the. aeti- 
vation energies, E, of reactions whose 
rates have followed the Arrhemus ia 
pression, & A exp(-E/ RY) ang 
more modern variants. Hts AE 
requires reagents to possess il 
E in order to surmount an en 
rier and proceed to ote 
degrees of freedom hols : 
were considered irrelevant ex 
their number might influence the 
A. h has long been recognised th 
assumption was not fully : 
experiments to show the spe 
fluence of particular categores 
initial energy have not been 
devise. 

In recent years a numbe 
have been studied where F 
energy of the products ol an 
mic reaction has resided in 
vibrational excitation. The pr 
microscopic reversibility then 
that analagous reactions in the | 
direction should proceed prefe 
with the reagents in excited vibra: 
states. It is just such a process 
has been elegantly demonst 
Douglas, Polanyi and Sloan at Torento 
(J. chem. Phys., 59, 6679, 1973). 

The reaction chosen was 

HCl + Br > HBr + Ci 
for which the HC] reagent could be 
prepared in excited vibrational states 
from the reaction 

HI + Cl > HCl = Ito 4) + Í 
Such a stream of vibrationally excited 
states was crossed with a stream of Br 
atoms which was pulsed on and off 15 
times a second. The occupancy of the 
vibrational levels of the HC] was 
monitored through the infrared enus- 

e sion spectrum and the change between 
the on and off pericds for the Br was 
simultaneously obtained by means of a 
* phase sensifive defector set to AS iz 
, The frequency setting of the spec 
























































4 a Poe state = 


characterised by v and J could be 
monitored. As expected it was found 
that whereas the levels vy = 1, 2, 3 and 
4 were easily seen in emission, the 
depletion of these levels by reaction 
with Br for v= was greater than for 
==: 3, but changes in the populations 
of the levels y = 2 and 1 by reaction 
were scarcely detectable. 

Although this result in itself is not 
surprising and leaves the principle of 
microscopic reversibility intact, the 

elegance, comparative simplicity and 
excellent sensitivity of the technique 
-© imply that its future sophistication will 
==> Jead to considerable detailed experi- 

mental evidence about reaction energy 
surfaces. This should prove valuable in 
‘a field where theory has tended to out- 
yun experiment. 























Double repression 
of galatose genes 


from Benjamin Lewin 
-. Molecular Genetics Correspondent 
THE interactions which control repres- 
sible and inducible operons in bacteria 
are now well understood in principle: 
in the lactose operon, for example, 
repressor protein, cyclic AMP receptor 
protein (activated by cyclic AMP) and 
RNA polymerase act at sites on DNA 
close to the structural genes under 
control. The galactose operon, how- 
ever, is a more puzzling system than 
usual, and it has been difficult to en- 
visage molecular mechanisms for its 
control. By characterising a new 
regulator mutation, Hua and Markovitz 
(Proc. natn. Acad. Sci. U.S.A., 71, 507; 
1974) have now identified a new control 
site in the operon, analysis of which 
~~ may help define this system. 
a The galactose operon is controlled by 
©. three systems. A repressor protein 
` (specified by the regulator gene gal") 
-> inhibits transcription in the absence of 
galactose by binding to an operator 
(defined by mutation) located at one 
“end of the structural gene cluster. The 
eyclic AMP receptor protein and RNA 
polymerase interact at a site (presumed 
to be close to this operator) to initiate 
> transcription. The third system of con- 
trol establishes repression in response to 
the cap® gene, which is part of a regu- 
-Jator system responsible for controlling 
synthesis of products required for 
ormation of the capsular polysacchar- 
ide. Because mutations in the gal 
and cap" genes each relieve only some 
of the repression of the operon, and 
‘appear to act independently, it has 
seemed likely that the galactose operon 
might possess two operators. 
This hypothesis has now °been con- 














lacking | response toan active eal® iocus 


have in the past been isolated; and 
these identify the operator at which 
galactose repressor protein binds. By 
selecting cells which do not respond to 
an active cap" gene, they obtained a 
mutant with the characteristics ex- 
pected of an operator unable to respond 
to the cap® product. The mutation ts 
closely linked to the first structural gene 
of the operon. 

Since the cyclic AMP system stimu- 
lates transcription in vitro, it seems 
very likely that, analogous to the lactose 
operon, it acts at a promotor adjacent 
to the galactose operator responsive to 
gal® product. That the second operator, 
on which the cap® product acts, may 
also be accompanied by a promotor, 
this one unresponsive to the cyclic 
AMP system, is suggested by the 
observation that bacteria deficient in 
cyclic AMP can grow on galactose. 
From the characteristic of mutants 
affecting expression of the galactose 
operon, Hua and Markovitz suggest 
that the gal? responsive sites lie immed- 
lately adjacent to the structural genes, 
with the cap® responsive sites lying 
just beyond them. 

Obvious topological problems are 
raised by the presence of two operators 
in one operon. How does repression al 
one influence transcription from the 
other? Gwen preni models aes 


immediately Shae how expression 
from the further control sites takes 
place when the inner sites are repressed. 
And when both sites are supporting 
transcription, one might expect changes 
in the state of DNA to occur as poly- 
merases readthrough the inner sites — 
do these influence its activity? 

How may these control systems be 
better characterised? One obvious ex- 
periment is to map the two operators 
more precisely to determine their order 
and distance apart. Also important is 
the necessity of characterising the pro- 
motor(s) by mutation, since their postu- 
lated properties have been inferred 
almost exclusively from biochemical 
experiments. It will be interesting to 
see whether the two operator and pro- 
motor sites are indeed each independent 
or instead represent overlapping 
sequences in one region of DNA. Iso- 
lation of the cap® product is another 
urgent necessity, since this may permit 
experiments in vitro to characterise the 
mechanism of transcription. Even with 
such critical points yet to be elucidated, 
howeyer, one important conclusion is 
clear, an operon may be controlled by 
more than one repressor proteineand 
may have more than one operator 
sequence, This has gbvious implications 
for control of gene action in eukaryotic 
cells. , 


dust on Earth 


from Peter J. Smith 

Geomugnetism Correspondent 
EXTRATERRESTRIAL material captured 
by the Earth is generally believed to 
comprise mainly interplanetary dust, 
the more spectacular contribution from 
meteorites being relatively small. Un- 
fortunately, however, not only is inter- 
planetary dust much more difficult to 
identify than meteoritic debris, there 
are also likely to be problems in sep- 
arating it from the terrestrial material 
in which it is highly diluted. The result 
is that the nature of most of the 
material reaching the Earth from out- 
side remains largely unknown. On the 
other hand, there is no reason in 
principle why the products of inter- 
planetary dust on Earth, if they exist, 
should not be identified. Wasson (car- 
us, 2, 54; 1963), for example, showed 
that the presence of extraterrestrial 
dust would be proved if radioactive 
nuclides produced by the action of 
high energy (5-100 MeV) solar protons 
on the dust in interplanetary space 
could be detected in terrestial materials. 
It is true, of course, that most of these 
radionuclides may also be produced 
from spallation reactions induced by 
galactic cosmic rays; but although such 
processes are predominant in meteorites 
they are fortunately negligible in bodies 
smaller than about 1 cm. 

The detection of extraterrestial dust 
by radionuclides thus seems promising, 
although even here there is a practical 
problem in that some of the expected 
nuclides are also produced on Earth by 
other natural nuclear processes. “Al, 
for example, seems particularly attrac- 
tive because of its high rate of produc- 
tion, its long half life (0.7 x 10° yr) and 
its 8* radiation which is relatively easy 
to detect. But unfortunately it is also 
formed by spallation of atmospheric 
argon at a rate apparently comparable 
to that expected from processes involv- 
ing interplanetary dust. The precise 
relative importance of terrestrial and 
extra terrestrial “Al is actually a matter 
of dispute; but as long as the dispute 
exists, convincing evidence for the 
presence of extraterrestrial dust is 
unlikely to be obtained from this 
particular nuclide. 

The only two nuclides suitable from 
the points of view of production rate 
and half life and thought to have no 
significant natural production on Earth 
are Mn and *Ni. Accordingly, Bibron 
et al. (Earth planet. Sci. Lett., 21, 109; 
1974) have attempted to detect and 
measure “Mn in samples of snow from 
the central area of the Eastern Antarc- 
tic Plateau. This site was particularly 
suitable for the purpose because it is 
remote from marine, continental and 
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industrial sources of terrestrial contam- 
inants. Moreover, the average annual 
temperature is ~60° C and the maxi- 
mum temperature never exceeds 
0° C, so that materials precipitated are 
perfectly preserved and do not diffuse. 
There is also another important advan- 
tage. Although there are no known 
natural processes on Earth likely to 
give rise to “Mn, this nuclide could be 
produced as a result of thermonuclear 
bomb tests in the atmosphere. There is 
apparently no published data which can 
either confirm or refute this possibility: 
and so in order to avoid the problem 
altogether it is necessary to investigate 
only snow which fell prior to 1952. At 
the site in question the rate of snow 
accumulation has been extremely low, 
making it possible without too much 
difficulty to collect firn layers deposited 
well before nuclear testing began. 

“Mn was detected in all three 
samples of snow analysed (correspond- 
ing to the period 1935-1950), the aver- 
age activity being 0.82+0.17 disinte- 
grations per minute per 10° tons of 
snow. This is apparently the first experi- 
mental evidence for the presence on 
Earth of the natural nuclide. But did it 
really originate from the supposed 
‘interplanetary dust? There is, in fact, 
another possibility—that the “Mn was 
produced not from the dust but from 
the material volatised or dispersed from 
meteorites during their flight through 
the atmosphere. To account for the 
observed “Mn activity, however, the 
volatilisation of over 310° tons of 
chondritic material would have been 
required between 1935 and 1950 
whereas, in spite of uncertaimties in the 
estimates, it appears unlikely that the 
actual meteoritic influx exceeded 
6xX10' tons (or perhaps twice that, 
taking into account objects with pre- 
atmospheric masses of less than 10° g). 
In short, the meteoritic material avail- 
able would have been insufficient by a 
factor of at least 25. Bibron and his 
colleagues thus conclude that the only 
possible source of the “Mn is indeed the 
interplanetary dust. | 

Accepting this conclusion they go on 
to estimate the total global influx of 
extraterrestrial. dust. During the period 
1935-1950 the rate of deposition of 
Min in Eastern Antarctica was (2.2+ 
0.5)x 10 disint. min”! m™ yr, al- 
though this is not a value which can be 
extrapolated directly to the whole 
Earth. It is probable that a significant 
proportion of the extraterrestrial mat- 
erial volatilises when it enters the 
atmosphere, becoming fixed on the 
stratospheric aerosols and thus ulti- 
mately being deposited in such a way 
that the concentration is maximum in 
temperate latitudes and minimum at 
the poles and the equator. The deposi- 
tion in Antarctica should thus represent 
a lower limit of the average over the 





Earth's surface. Assuming (in the ab- 
sence of any more definite information) 
that the Mn distributes itself in a way 
similar to that of the “Sr injected into 
the stratosphere by thermonuclear explo- 
sions, Bibron ez al. estimate the average 
global deposition of “Mn to be 
(6.621.5)*% 10%  disint. min? m^ 
yr-'. From this figure it is then possible 
to show that the interplanetary dust 


-(assumed to have a chondritic compo- 


sition) accumulates on the Earth at a 
rate of 1-6 10° tons a year. 

In summary, then, Bibron and his 
colleagues have provided the first in- 
putable (their word) evidence for the 
presence on Earth of “Mn, a radio- 
nuclide thought to be formed only from 
interplanetary dust which builds up on 
the Earth at a rate of about 10° tons a 
year. But this is only a beginning, for 
most of the questions about inter- 
planetary dust remain unresolved. As 
Bibron e¢ al. point out, a decisive step 
forward would be the simultaneous 
determination of “Mn, “Nn and *Al, 
although there is still plenty of scope in 
tracing the variations of “Mn _ itself 
during the past hundred thousand years 
or so by analysing deep ice cores from 
polar ice sheets. 


Vegetational change 
in an aboriginal 
environment 


from Peter D. Moore 

Plant Ecology Correspondent 

Ever since Iversen (Danm. geol. 
Unders., 2R, 66, 1; 1941) described the 
influence of Neolithic cultures on the 
vegetation of Denmark, palaeocologists 
have been forced to accept the fact that 
the introduction of agricultural practices 
in north-west Europe (perhaps 3,500 
radiocarbon years sp for the British 
Isles) profoundly altered the con- 
temporary environment. More recent 
work has suggested that many of the 
vegetational changes which were once 
thought to be climatically determined 
must now be regarded as anthropogenic, 
for example the decline in lime (Tilia) 
in Britain (Turner, New Phytol., 61, 
328; 1962) and the initiation of blanket 
peat formation (Moore, Nature, 241, 
350; 1973). Some have even considered 
it possible that pre-agricultural Meso- 


lithic cultures may have modified vege-, 


tation on a large scale by using fire to 
drive game or to favour selectively plant 
species which provide a source of 
food such as hazel, Corylus avéllana 
(Rawitscher, Nature, 156, 302; 9945). 
This’ view has received some indirect 
support as the result of the recent work 
of Martin (Aust. J. Bot., 21, 283; 1973) 
on the environment of aborigines in the 
Nullabor region of South Austrafia. 























































Martin's interest has centred on the 
palynological analysis of three £ 
carbon-dated cave deposit profi and 
their interpretation in the light 
modern pollen de ‘position In the area. 
Her modern pollen studies have 
vided a means of recognis! ng pee 









T fie ae gaan’ 
bor region consists i 
the coastal region, which T 
higher precipitation (23.2 25 om 
the inland area (16-18 em yr 
peratures in the two region 
virtually the same, but the num 
rain days in the coastal region is roti 
twice that experienced inland (80 ra 
than 30-50 d inland). In the arid inte 
there is tall, open sorub domunatec 
Acacia and Myoporw. 














Palynologically the two 
types can be separated on the: 
the ratio of Myrtaceae 


Eucalyptus and Melaleuca) polien to 
that of Chenopodiaceae (many $ 
including Atriplex and Kochiah i 
pollen analyses in the arid scruby fe 
consistently showed eee : 
podiceae (M :C) rajos of a 7 
M:C ratios in samples rom. i 
arid mallee scrub zone, on t 
panes were a aay in excess o 





out ne the | two vegelati ion typ 
mitted Martin to recognise 
communities im U fossil | 
assemblages of the cave deposits. | 

At one site (Eucla) the MC rete 
increases from a low level at 20, 
to a maximum at the present da) 


“rate of increase mirrors effectively th 


postglacial eustatic rise in sea 
resulting from the gradual m 
the icecaps. The vegetational 
which arid scrub gives way 
can thus be explamed by 
climatic wetness resulting from 
creasing proximity of the con a 
Two other sites tell a rather duberet 
story. They show an nee ; 
dance of mallee idee (that is, 


delne eae with an 
abundance of aboriginal artelact 
these sites. The aborigines of rt 
times are known to have burned serul 
extensively, both for ritualistic purposes 
and to encourage certain food plants, 
such as the wild gooseberry, Under the 
climatic stress of aridity it is quite feas- 
ible that repeated burning of the sorub 
could have reversed the trend in vege 
tational development caused by ameli- 
orating climate and have produced an 
anthropogenic plagioclimax of arid 








e scrub. This seems to be one of the best 


documented examples of the influen y 
„of a pre-domestication human cullore 
“orm the couse of fegetational develop 





, ment in a wide geographic region. 



























virology at Aviemore 
from Elizabeth Rogers 

THE momentum of tumour virus 
research is such that pauses for breath 
are essential if one is not to be left 
gasping behind. So it was that an in- 
formal meeting of European tumour 
virologists at Aviemore, Inverness- 
Shire from April 3-5 provided an 
opportunity for gathering together the 
threads of recent progress. The meeting 
was organised by Professor J. Subak- 
‘Sharpe (Institute of Virology, Glasgow) 
and the sixty or so short contributions 
covered research into all major groups 
of tumour viruses. Outstanding were 
. the descriptions of the use of restriction 
enzymes as tools for analysing the 
‘genomes of DNA viruses, and the use 
of pieces of DNA as infective agents 
in order to define, for instance, the size 
of the transforming ‘gene’. 

The small DNA papova viruses have, 
not surprisingly, yielded most rapidly 
to analysis with restriction endonu- 
cleases. Linear SV40 DNA produced by 
Escherichia coli R, endonuclease can 
transform rat embryo kidney cells (P. 
J. Abrahams, State University, Leiden), 
although it can no longer cause pro- 
ductive infection in BSC- monkey 
kidney cells. Transforming activity of 
_ restriction fragments smaller than the 
whole genome is being investigated. A 
new S$V40-specific antigen reported by 
C. de Vaux St Cyr (Institute of Cancer 
Research Villejuif) will provide food 
for thought for genome analysers, 
already overburdened with gene pro- 
ducts to fit into too little virus DNA. 
This antigen—named ‘C’—-is cytoplas- 
mic and distinct from T antigen in sev- 
eral other respects. Those who think that 
polyoma might behave like SV40 will 
be increasingly disillusioned by reports 
like that of R. Kamen (Imperial Cancer 
‘Research Fund, London), who has 
found that late in polyoma infection, 
_ the major virus-specific RNA is a total 
transcript of the minus strand—unlike 
the situation in $V40-infected cells. A 
-transcription map of the polyoma 
genome. is now available, derived from 
analysis of eight fragments formed by 
Haemophilus — parainfluenzae endo- 
nuclease IT (Hpan). The origin of rep- 
lication has been localised in fragment 
“oS by M. Fried and L. Crawford (ICRF, 

London). There is a small region of 
— homology with SV40 DNA. 

-Larger DNA viruses are more com- 
plex substrates for restriction analysis, 
‘but already considerable progress with 
-adenoviruses (Ad) 2 and 5 has been 
made. Using a combination of Ecom’ 
and Hpar; restriction enzymes, P. H. 
Gallimore (Medical School, Birming- 
ham) has analysed the parts of the’ 
adenovirus genome which are present. 


e 





as little as A of the | genome t remains. 
J. F. Williams (Institute of Virology, 
Glasgow) also reported that two Ads- 
transformed cell lines have, respec- 
tively, 24 and 54 copies of the left end, 
representing about 30°, and 40%. of 
the genome. These findings relate to 
the question of how much adenovirus 
DNA is essential for transformation. F., 

Graham (State University, Leiden) 
has treated rat embryo cells with 
sheared adeno-DNA. AdS-DNA_ will 
transform these cells even when only 
about | x 10° daltons in size. If half- 
molecules of AdS-DNA are made, the 
transforming activity can be localised 
in the GC-rich half, and after restric- 
tion with Econ, it is further localised 
in the large A fragment, which includes 
the left end of the molecule. Consider- 
ing that transformed cell lines exist 
which only contain the terminal 12% 
of the left half of the genome, trans- 
forming activity must be confined to 
this site. 

Although the problems presented by 
herpes and Epstein-Barr viruses seem 
much more immense, these viruses are 
slowly yielding to the same methods as 
have been used successfully with small 
DNA viruses, and their role in human 
carcinomas is becoming clearer at the 
same time. Herpes virus (HSV) is a 
potential candidate for a human 
tumour-inducing virus. Patients with 
different carcinomas have been shown 
to carry HSV-specific non-virion anti- 
gens in their sera, and many studies of 
the transforming potential of HSV or 
HSV-DNA are now in progress. For 
example, infection of human embryonic 
lung cells with HSV is abortive in 
certain conditions, and cells can be- 
come stably transformed (K. Munk, 
Institute of Virology, Heidelberg). HSV 
cannot be rescued by cocultivation, so 
that this may be a good experimental 
system for studying latency of HSV in 
human tissue. Another system has been 
developed by J. C. M. Macnab and N. 
M. Wilkie (Institute of Virology, Glas- 
gow), who have obtained focal trans- 
formation of rat embryo cells by HSV 
types | and 2, as well as by tempera- 
ture-sensitive (7s) mutants and sheared 
DNA derived either from wild type or 
from ts mutant viruses. As with 
adenovirus and SV40 DNAs, infectivity 
of DNA is far more sensitive to shear- 
ing than is transforming activity. 
Sheared HSV-DNA of 5-7 x 10° 
daltons (whole genome is 100 x 10° 
daltons) will induce transformation. J. 
K. McDougall (Medical School, Bir- 
min sham) demonstrated by in situ hy- 
bridisation that among a population of 
human cervical carcinoma cells, only 
very few contain detectable amounts of 
HSV-DNA, which may explain why 
whole virus carmot be isolated from the 
carcinoma. In situ hybridisation, be- 








“allows detection “of © vir 
genomes at a cellular level, prowides 
another dimension in the overa'l analy- 
sis of the biochemistry of tumours. — 
H. Diggelman (Swiss Institute of 
Cancer Research, Lausanne), introduc- 
ing a series of papers on RNA viruses, 
said that a central problem in under- 
standing the function of RNA tumour 
viruses is still that of determining 
whether the 705 RNA genome is poly- 
ploid. 70S RNA is not found attached 
to polysomes, nor even in the first bud- 
ding virus particles, but is appurently 
assembled later. J. T. Parsons (Univer- 
sity of Zurich) has evidence from fin- 
gerprint analysis that the genome size 
is about 3 xX 10° daltons—the size of 
one subunit. Conclusive proof that 
avian leukaemic myeloblasts contain at 
least one complete integrated avian 
myeloblastosis virus (AMV?) genome 
was provided by H. Ogura (Robert 
Koch Institute, Berlin) and F. Lacour 
(Institute Gustave Roussy, Villejuif) 
who have found that AMV production 
can be induced after infection of helper 
factor-negative chick cells with Jeu- 
kaemic myeloblast DNA. Similar 
results were got with wild type or fs 
mutant Rous sarcoma (RSV)-infected 
cell DNA. The minimum infective size 
suggests that the information from one 
RSV subunit may be sufficient. Viral 
mutants are necessary additional tools 
in these experiments. R. R. Friis 
(Robert Koch Institute, Berlin) has 
isolated representative mutants of the 
whole replicative cycle in RSV, includ- 
ing one which does not assemble 
reverse transcriptase into the virion. 
Another aspect of RSV transforma- 
tion was discussed by A. Vaheri (Uni- 
versity of Helsinki), who has found 
that a type-specific glycoprotein, which 
is normally an integral part of the 
chick fibroblast cell membrane, dis- 
appears on transformation of the cells 
by RSV. If a zs virus mutant is used, 
the glycoprotein reappears at the non- 


permissive temperature. W. F. H. 
Jarrett (University of Glasgow) has 


studied the. horizontal transmission of 
feline leukaemia virus (FeLV), and the 
incidence of leukaemia itself as com- 
pared with FeLV antibodies in different 
cat populations. He concludes that one 
of the primary events in leukaemia may 
be immunodepression of the response 
to FeLV antigens themselves. Sig- 
nificantly, the existence of horizontal 
transmission may allow the develop- 
ment of anti-FeLV vaccines (see 
Nature, 248, 230; 1974). 

Certainly this meeting served to 
demonstrate again the increasing finesse 
of the techniques being used to study 
tumour viruses. One hopes that probing 


into the mechanism of transformation. 


in these ways will lead to an under- 
standing of the spontaneous events 
which produce tumours. 
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Mitotic aparatuses have been isolated which can in- 
corporate heterologous tubulin and can assemble this 
tubulin into birefringent fibres similar to those of 
mitotic apparatuses of living cells. 


SEVERAL mechanisms have been proposed to explain the sep- 
aration of chromosomes by the mitotic apparatus (MA). Sug- 
gestions such as generation of a tangential force by the spindle 
body?, sliding of microtubules’, reversible polymerisation of 
spindle fibres* or participation of a non-microtubule ‘move- 
ment factor’, possibly actin®, have arisen from observations 
on living or fixed intact cells. Such studies suffer from the 
inability to experiment directly with the MA except as it 
exists in the complex whole cell. If it were possible to isolate 
MAs which could separate chromosomes in vitro it should be 
possible to study those processes relevant to the mechanism 
of chromosome separation and those that are incidental to it. 
We report here observations on isolated MAs which (a) in- 
corporate added heterologous tubulin and (b) after removal 
of homologous tubulin, assemble added heterologous tubulin 
into birefringent fibres similar in distribution to those of MAs 
in living cells. 


Mitotic apparatus isolation 


MAs isolated by methods using organic solvents’ * differ 
from MAs in living cells in that their birefringence does not 
disappear at low temperatures. Recent observations by Weis- 
enberg®, which demonstrate that calcium ion concentration 
must be reduced to enable microtubules to be polymerised 
in vitro, suggested that low calcium media be tried in MA 
isolation procedures. We found that a modification of the 
microtubule polymerisation mixture described by Weisenberg 
allows MAs to be isolated from at least eight species of eggs 
and that the MAs are cold labile, calcium sensitive, stable at 
room temperature and possess a birefringence approximately 
equal to that of in vivo MAs*, The isolation mixture consists 
of 0.1 M MES or PIPES" buffer, pH 6.85, 0.25-1 mM 
MgCl, 1-5 mM EGTA, 10 mM of a proteolytic enzyme in- 
hibitor, p-tosyl arginine methylester HCl (TAME) and 
Triton X-100 (0.2-1% depending on the species of egg used). 
Addition of GTP (1 mM), which is essential for the in vitro 
polymerisation of microtubules*"*, is not required for MA 
isolation but was included in all reassembly experiments 
described below. TAME could be eliminated ffom the iso- 
lation mixture but MAs were then obtained in poor yield and 
were fragmented and irregular in shape. We report experi- 
ments using MAs from eggs of the surf clam Spisula solidis- 
sima. 


Eggs of the clam were obtained and handled as previously 
described'*"* and were parthenogenetically activated with 
KCl. Fully formed first meiotic MAs at metaphase were 
uniformly present by 12-14 min after activation'®. Vitelline 
membranes were removed with 1 M glycerol solutions'* and 
the eggs were immediately suspended in 2-3 times their vol- 
ume of isolation medium with Tnton X-100 at room tem- 
perature. The eggs were then dispersed by agitation with 
a Vorftex mixer and the MAs collected by centrifugation at 
400-500g for 1.5-2 min at room temperature. The MAs were 
then resuspended in at least five times their volume of isola- 
tion medium without Triton X-100 (Fig. la). Measurements 
of the birefringence of the isolated MAs were made with a 
Zeiss polarisation microscope (Photomicroseope I1) equipped 
with a Brace-Koehler compensator and a potentiometne de- 
vice for automatic recording of compensator angle. 

Chick brain tubulin was routinely isolated by homogenising 
the brains of 1-3-d-old chicks in a volume of polymerising 
solution (1 mM #&GTA, 1 mM GTP, 1-2 mM, MgCl, 0.1 M 
PIPES buffer, pH 6.9) equal to 1.5 times the wet weight of 
the brains. The homogenate was centrifuged for 1 h at 28,000¢ 
at 4° C., The supernatant was then incubated at 37° C for 
45 min until it became very viscous as a result of the forma- 





Fic. 1 a, Bolated MAs of Spisula eggs at metaphase in 
isolation medium. Distance between astral centres averages 
22 um. X2,500. b, Isolated MAs in isolation medium to be 
compared with the same preparation cooled to 4° C for 20 
min. c, Considerable decrease in birefringence is visible and 
ən measurement amownts to oge-quarter to one-half the 
Birefringence originally present. x 1,000. 





Taste 1 Spisula mitotic apparatus isdlated at metaphase at 
22-24° C 





& of control 


Treatment of MAs Retardation* retardation 
Control Normal MAs in isolation 2.70 wm 100%, 
mix at 25° C 
Normal M As in isolation 1.25 pm 46°; 
mix at 4° C for 15 min 
Tubulin MAs in tubulin (9 mg 3.70 um 137% 
ml-') at 25° C for 15 min 
MAs in tubulin (9 mg 1.10 um 41% 
ml?) at 4° C for 20 min 
M As from above, removed 2.40 um 90% 


from cold and incubated 
at 30° C for 15 min 


* Each retardation is based on 10-13 measurements. The 
tubulin was purified from chick brain 


tion of microtubules. The microtubules were colleeted from 
the supernatant by centrifugation at 28,000g for 15 min at 
25° C. The sediment of microtubules was resuspended in an 
amount of polymerising solution equal to one-third to one- 
quarter the volume of the original supernatant and placed 
on ice for 30 min to depolymerise the microtubules. This 
preparation was-centrifuged at 105,000g for 1 h to remove 
any remaining intact microtubules. The supernatant which 
contained the tubulin subunits was either used immediately 
for polymerisation with the isolated MAs or, in some ex- 
periments, was further purified by one or two additional 
cycles of polymerisation and depolymerisation. Tubulin from 
chick brain was used rather than tubulin from Spiswa eggs 
because it was much easier to obtain in large amounts, and 
other work had recently shown that heterologous systems of 
chick brain tubulin and sea urchin flagellar axonemes could 
copolymerise?®. 


Birefringence 


The rapidity with which cold treatment reduced the bire- 
fringence of isolated MAs was strongly dependent on the 
time between MA isolation and immersion in a cold bath. 





Fic. 2 a, MAs were isolated and incubated in concentrated 
tubulin solutions at room temperature for 30 min. They were 
then centrifuged out of tubulin, washed in isolation medium 
and mixed with intact MAs from the original isolation 
which had remained in isolation medium at ro&m tempera- 
ture. The difference in size is readily agparent and is uni- 
form. 2,500. b, The MA remnant results from cooling in 
tubulin and should be compared with the original MAs in 
tubulin at room temperature. c was taken several minutes 
after suspension of intact. MAs in etubulin and significang 
growth had already occurred. X 2,500.9 
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MAs cooled to 0-4° C within 1 min of isolation completely 
disappeared and were not visible in the polarisation micro- 
scope. Those treated 5-6 min after isolation required only 
10-15 min at low temperature to reduce their birefringence to 
a constant level about one-quarter to one-half that of nor- 
mal, (Table 1 and Fig. 1b and c) whereas if greater than 15 
min elapsed between isolation and cooling, reduction of bire- 
fringence was delayed for several hours. In the latter cases 
a remnant survived which had the form of an MA with con- 
siderably reduced birefringence!®, Electron microscopic ob- 
servations showed that microtubules were absent from cold- 
treated MAs with reduced birefringence but that such MAs 
contained chains of ribosome-like particles aggregated with 
some amorphous material'®: it is this material which pre- 
sumably gives rise to the residual form birefringence of the 
MA remnant!®!7 (Fig. 1c). The MAs depleted of tubules 
still contained the chromosomes and the mitotic poles (cen- 
trosomes ). 


Tubulin assembly 


Intact MAs to be resuspended in brain tubulin were ob- 
tained in isolation medium, centrifuged once at low speed and 
then resuspended in IM plus tubulin at the desired concen- 
tration. This procedure, which diluted the Triton X-100 
concentration to less than 0.1% and reduced the concentration 
of free clam tubulin subunits, took 5-6 min. Such suspensions 
of intact MAs, in solutions containing up to 10 mg ml~ chick 
brain tubulin (approximately the concentration of tubulin 
in intact eggs*3-29), in contrast to MAs suspended in isolation 
medium alone, retained their cold lability for at least 1 h. If 
these intact MAs were kept at room temperature in tubulin 
they increased their birefringence over 15 min (Table 1) 
with little observable change in shape. At greater concentra- 
tions of tubulin (15-20 mg ml“) the MAs became consid- 
erably wider at the equator, the length of the astral fibres 
increased and the distance between astral centres increased 
by up to 40% (Fig. 2a). These results show that chick brain 
tubulin can assemble into clam MAs which still contain clam 
microtubules, 

Perhaps the most interesting observations in these studies 
concern the return of birefringence in MAs which were de- 
pleted of their own microtubules by cold treatment and were 
then warmed to 30° C in the presence of chick brain tubulin. 
In these experiments, the isolated MAs were sedimented from 
isolation medium and then resuspended in isolation medium 
+ tubulin (9 mg ml). Control MAs were suspended either 
in isolation medium alone or in isolation medium with tubulin 
and 10° M colchicine. The MAs were then cooled to 4° C 
for 15 min and the birefringence was reduced by about 60% 
(Fig. 2b and c and Table 1). When cold-treated MAs were 
incubated at 30° C the birefringence in the preparations which 
contained isolation medium and tubulin partially returned 
in 15 min, (Table 1) and within 0.5-0.75 h the birefringence 
had returned to the level seen before cold treatment. More- 
over, these MAs continued to increase in size and after 2 h 
at 30° C many were three to four times as long as the normal 
MAs (Fig. 3a to d). Control MAs in the presence of iso- 
lation medium alone or which contained colchicine in addition 
to the tubulin showed no restoration of normal birefringence 
when warmed from 4° C to 30° C. Reassembled MAs could 
be cold depolymerised after periods of up to 2 h and on 
addition of fresh GTP and rewarming to 30° C birefringence 
returned to the cold-treated remnant although such doubly- 
restored MAs were generally less birefringent than those re- 
stored gnce. The doubly restored MAs were still cold labile. 
Restored MAs could be spun out of tubulin solutions and 
suspended in isolation medium alone, in which they were 
stable at room temperature. Thus, restored MAs, resem- 
bling those isolated directly in isolation medium, are stable 
to dilution of the tubulin subunits in which they were for- 
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Fic. 3 a, Example of a MA depleted of tubules incubated 
in tubulin at 30° C. for 30 min. Compare with the MAs in 
Fig. 2b and c. Note the metaphase chromosomes. 2,500. 
b-d, MAs from the same preparation as in (a) but incu- 
bated for 1 h (b) or 1.5 h (c and d). The length of the MA 
in d is approximately 3.5 times normal (compare Fig. 2c). 
At least half of the reconstructed MAs in the preparation 


attained lengths about that of the MA in ec. 2,500. 


merly bathed. The birefringence of restored MAs is removed 
by 10° M calcium but is stable in 10-° M calcium. This 
range of caleuim concentration would be expected from in 
vitro observations on neurotubule polymerisation where mi- 
crotubule assembly can take place and the microtubules 
remain stable in 10-* M but disappear at 10-* M calcium. 
These results show that brain tubulin can reversibly assemble 
into clam MAs which have been depleted of their own micro- 
tubules by cold and that such reassembled MAs are cold 
labile, calcium sensitive, stable to dilution and capable of con- 
siderable increase in overall length. 

Attempts were made to follow the reformation of bire- 
fringent fibres in the MA remnants. Birefringence appeared 
to return throughout the MA rather than at any focal point. 
Similarly, during cold treatment, birefringence is lost all along 
the MA which does not shorten in length. Since in vivo MAs 
decrease in length as well as birefringence on being slowly 
cooled to low temperature* the question of the behaviour 
of the isolated MAs compared with those in situ may be 
raised. /n vivo Lytechinus MAs at first cleavage, however, 
lose birefringence simultaneously along the whole MA when 
cooled rapidly with large temperature jumps and restore 
birefringence uniformly along the MA when the eggs are 
returned to the original temperature*®. This behaviour more 
nearly resembles our results of restoration of birefringence in 
cold-depleted MAs. 

It is important to note that MAs isolated by our techniques 
increase in length but do not shorten and that they are 





Fic. 4 a, MA at anaphase in isolation medium. x2,500. b, 
Regrown MA from an anaphase preparation after cold treat- 
ment. Chromosomes appear to cluster about the astral cen- 
tres. Although numerous anaphases were present in the orig- 
inal preparation (as well as metaphase MAs) after about 
1 h at 30° C only metaphase and ‘telophase’ configurations 
could be seen. The birefringence of the region between 
chromosome clusters in the latter is lower than that in 
chromosome—pole regions of metaphase MAs in the same 
preparations. «2,500. 
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stable to dilution of tubulin. This indicates that they can in- 
corporate tubulin but that they can not disassemble it easily 
once it is integrated. Since disassembly as well as assembly is 
an important part of the process of chromosome separation* 
and it did not seem to occur in the metaphase MAs, we at- 
tempted to isolate MAs at anaphase. This proved dificult 
because of the very short anaphase time in Spisula and be- 
cause such MAs were considerably more fragile than meta- 
phase MAs and tended to fragment. Nevertheless, some 
anaphase MAs were obtained (Fig, 4a) whose birefringence 
was cold labile and could be restored when ineubated in 
tubulin solutions. In some cases, cold depleted anaphase MAs 
incubated in tubulin for about 1 h attained a configuration 
resembling very late anaphase or early telophase, (Pig. 46) 
with chromosomes at the centres of quite small asters. De- 
tails of how this configuration was achieved are now being 
investigated. 

We have deseribed a technique for isolating MAs which 
can Incorporate heterologous tubulin into the existing intact 
MA and which, after depletion of native microtubules by 
cold treatment, can utilize added tubulin to reconstruct the 
birefringent material'®.’6.15.21 jin approximately normal dis- 
tribution. Such MAs continue to grow in tubulin solutions at 
room temperature or above and can grow considerably longer 
than normal. The ability to incorporate exogenous tubulin is 
at least one of the functions of the in vivo MA and is part 
of the process of chromosome separation. Whether our re- 
sults with anaphase MAs are due to disassembly of miero- 
tubules from the isolated MAs is not clear but it may now 
be possible with proper modification of the medium and 
variation of tubulin concentration to obtain chromosome sep- 
aration in vitro in mass-isolated MAs 

Similar experiments have been carried out recently in other 
laboratories in which observations have been made on MAs 
of single cells perfused with tubulin solutions* 

These studies were supported by National Science Founda- 
tion grants to L. I. Rebhun and J. L. Rosenbaum and a 
National Institutes of Health training grant (Fertilization and 
Gamete training program) to the Marine Biologica! Lab- 
oratory. The experiments were carried out at the 
siological Laboratory, Woods Hole, Massachusetts 
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Chain elongation during E. coli DNA replication pro- 
ceeds in three distinct stages. Participatory roles of the 
three E. coli DNA polymerases in each of these stages 
has been determined. 





ALTHOUGH the overall process of DNA chain elongation 
during DNA replication is semiconservative', the biochemical 
events involved are unknown’, Æ. coli DNA polymerase I 
(Poll) cannot catalyse in vitro DNA synthesis in a semi- 
conservative manner using isolated DNA as a template. 
E. cots polA mutants‘, deficient in Poll, grow normally, sug- 
gesting that Poll is not an essential enzyme. PolA mutants 
have been used to purify further DNA polymerising enzymes 
including DNA polymerase II (PolII) and DNA polymerase 
HI (PoI). E. coli polB mutants®° deficient in PollII, 
and dnaE mutants™1*, deficient in PollII, have been isolated 
and studied. PolB mutants are similar phenotypically to their 
polB* parental strains, although differences in DNA repair 
ability have been detected?4, In contrast, only thermo- 
sensitive dna mutants have been isolated, suggesting that 
PollIT is an essential enzyme. 

Poll preferentially catalyses a ‘repair’ polymerisation re- 
action in vitro: conversion of partially single-stranded DNA 
(ssDNA) into the double-helical species. Although optimal 
reaction conditions are different, the polymerisation reactions 
catalysed by purified PollI and PollIII in vitro are also sub- 
stantially ‘repair’ reactions?:}5, 

In the work reported here, the physiological roles of the 
three known E. coli DNA polymerases in DNA replication 
were examined. The temporal fate of newly replicated DNA 
obtained from 2. coli mutants deficient in one or more of 
these DNA polymerases was analysed using alkaline sucrose 
gradients. Results indicate that PollII is essential for one 
elongation step and involved, if not essential, in a second, that 
Poll is involved but not essential for a third elongation step, 
and that PollI is needed and involved only in the absence of 
one or both of the other two enzymes (Fig. 4). 


Pol | 


SsDNA, labelled for 1 min in W3110 polA* cells, sedi- 
mented in a broad band when synthesised at both 30° C 
(Fig. la) and 43° C (Fig. Ic). The sedimentation values 
(305 to 1108) corresponded with molecular weights inter- 
mediate to parental sized 120S to 1380S ssDNA and the 
short newly synthesised 15S to 208 ssDNA fragments?®. In 
contrast, l-min-labelled ssDNA from p3478 polAl1 cellst, 
deficient in poll (0.5%-2% W3110 activity!®), sedimented 
more slowly (Fig. 16 and d) when synthesised either at 
30° C (108 to 408) or at 43° C (158 to 50S). During sub- 
sequent DNA synthesis in both strains (10 min and 40 min 
cold chase profiles), the short DNA pieces were converted 
first into intermediate sized pieces and then inte large pieces, 
at a rate somewhat slower at 30° C than at 43° C. The rate 
of conversion was slower in p3478 than in W3110, both at 
* Present address: Department of Biochemistry and Biophysics, 


University of California, Sap Franciseo, San Francisco, Caji- 
fornia 94122 ° 


30° C and at 43° C, in agreement with earlier observa- 
tions’?.*8. Thus, Poll is required for rapid conversion of newly 
synthesised DNA into intermediate sized pieces. The residual 
slow rate observed in p3478 may be due to residual Poll 
activity’? or to attempts by another DNA polymerase to 
substitute for Poll. 


Pol Ill 


E. coli E486 dnaH486 is a temperature-sensitive E. coli 
mutant*#? with normal Poll and PollI activities and no de- 
tectable PollII activity in vitro at either 30° C or 43° C2, 
The sedimentation profiles (Fig. 2a) of ssDNA synthesised 
by E486 at 30° C are similar to those of ssDNA from W3110 
cells (Fig. la). The inereased relative amount of slowly 
sedimenting DNA synthesised for 1 min in E486 suggests 
that PollII is partially defective in vivo in E486 at 30° C, 
as in vitro?®, 

The sedimentation profiles of DNA synthesised at 43° C 
by E486, however, are strikingly different (Fig. 2b). DNA 
synthesis in E486 was greatly reduced at 43° C and occurred 
mainly within the first minute after shift to 43° C. Most of 
the DNA synthesised for 1 min or 3 min sedimented slowly 
(205 or less). During the subsequent 7 min and 37 min cold 
chase, about half of the labelled DNA was converted slowly 
into intermediate sized pieces, with some DNA degradation. 
Even after 40 min of synthesis at 43° C, however, about half 
of the initially synthesised DNA continued to sediment slowly. 
Much slowly sedimenting ssDNA remained even after 80 
min synthesis at 43° C (not shown). Thus, PollII is required 
for the complete conversion of short DNA pieces into inter- 
mediate sized pieces, and, when PolIII is defective, the rate 
of synthesis, or processing, of these short pieces is greatly 
reduced. The slow rate of the observed partial conversion 
may have been due to residual in vive PollII activity at 
43° C or to an attempt by another DNA polymerase to 
catalyse this synthesis. Further, nearly all the ssDNA sedi- 
menting more rapidly than about 20S was found as inter- 
mediate sized 705 to 120S pieces, even after 80 min of 
synthesised and/or processed, they were converted rapidly 


version of intermediate sized into parental sized pieces. 


Very little DNA was found at any time in the region 30S 
to 705, suggesting that once the 208 short pieces were fully 
synthesized and/or processed, they were converted rapidly 
into 70S to 1208 intermediate sized pieces. Figure 1 shows 
that Poll, when present, was responsible for the rapid con- 
version. This role of Poll in the synthesis of the intermediate 
sized pieces was further examined using Æ. coli E4862, a 
polAl derivative?® of E486. Sedimentation profiles of DNA 
svnthesised by E4862 at either 30° C or at 43° C (Fig. 2c) 
are identical to those from E486, except that a substantial 
fraction of the 10 min and 40 min ssDNA from E4862 sedi- 
mented as 308-705 material. Thus, when Poll activity was 
greatly reduted, processed short DNA pieces were converted 
slowly into 70S to 1208 pieces, whereas in the presence of 
wild-type Poll activity, this conversion oceurred sufficiently 
rapidly that very little 30S to 70S DNA was observed. 

The slow conversion of. short DNA pieces into intermediate 
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Fie. 1 Alkaline sucrose’ gradients of DNA from W3110 and 
p3478. Æ. coli W3110 thy- and p3478 thy- polAl were grown 
in a Tris-glucose—minimal salts (TGe) medium containing 
0. es casamino acids and “C-thymine (2 „Ci mi~, 2 ug ml”) 


ceditifugation (4° C, 5 min, 10,000 g), RE in 
olume of TGe minus glucose, and added to a supple- 
nt c ntaining 3H-thymidine, to give 6 aCi ml, and 
Pe glucose, casamino acids: and thymine in amounts to yield 
| FG, plus.0.1% casamino acids. The cultures were incubated 
at 30° C with aeration. After 1 min and 3 min, quarter vol- 
ume samples were frozen immediately in dry ice~acetone. 
At 3 min, non-radioactive thymidine to 50 yg ml? was 
added. At 10 min and 40. min, two further quarter volume 
samples were frozen immediately. The remaining halves of 
each of the two original cultures were shifted to 43° C for 
15 min, collected by centrifugation (4° C, 5 min, 10,000 g), 
resuspended i in prewarmed TGe minus glucose, added to sup- 
plement, and incubated at 43° C with aeration. Samples 
were frozen at the four time points, and the cultures were 
chased with non-radioactive thymidine, as deseribed above. 
43° C was attained within 30 s after cultures were placed 
at 43° C. Al mil sample of each frozen cell suspension was 
thawed, the cells were converted into lysozyme-EDTA 
spheroplasts, and <5 x 107 cells (50 al of each sample) were 
lysed by layering “gently into 0.1 ml 05 N NaOH over a 
4.7 ml alkaline sucrose gradient (5%-20% linear gradient 
in 0.1 N NaOH), using the procedures of Smith and Meun35, 
-Following centrifugation. (30,000 r.p.m., 15° C, 105 min, 
Spinco SW50.1 rotor), fractions were collected directly onto 
Whatman 3 MM paper squares. These were dried, washed 
twice in cold 5% Cls CCOOH, twice in 95% ethanol, once 
in acetone, dried, and assayed for radioactivity. The total 
radioactivity layered on each gradient was 7,000-35,000 
cpm. for 3H and 500-1000 ¢.p.m. for HC. Sedimentation 
coefficients and molecular weights were determined using 
known relations 3®37 and phage T4 DNA as a standard. 
14C-DNA sedimentation profiles were similar in each gra- 
dient and nearly identical to the 40 min 2H-DNA profiles; 
the peak of the 4*C-DNA is indicated by the arrow. a, 
W3110 polA*, 30° C; b, p3478 polAl, 30° C; c, W3110 polA’, 
30° C; d, p3478 polAl, 43° C. O, 1 min 3H-DNA: A, 3 min 
S5H-DNA; @, 10 min #H-DNA; A, 40 min ?#H-DNA. 


sized. pieces observed in E4862 at 43° C (Fig. 2c) may 
involve participation of PolII, as E4862 is deficient in Poll 
and PollII at 43° C, although residual Poll and/ar PollIT 


- l activity in vivo at 43° C is possible. We examined these 
possibilities further using an independent dnaF mutant, 





EB. coli BT1026 polAl dnaE1026. BT1026 possesses greatly 
reduced Poll activity, normal Polll activity, little detectable 
PoI ary (<1% wild type) at 42° C, and reduced 
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Frc. 2 Alkaline sucrose gradients of DNA from Es 
E4862. E. coli E486 thr-leu-thi-thy-lac-met~< 
E4862 arg-his-thy-polAl dnaE48g6 were separe 
and the DNA was labelled and analysed as 
legend to Fig. 1. E4862 thy- was obtained - 
using trime hoprim selection?*. The types of curv 
Fig 1; the **C-DN®A profiles were similar to the 
DNA profile in (a) in each ease, with the pea 
by the arrow. The total radioactivity wa 
for 3H, and 1,000-500 c.p.m. for 4C. g, ] 
30° C; b, EA86 pol dnaE496, 43° C, 
. dnaE48b, 43° C. 
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BT1026 at 30° C (Fig. 3a) are similar to those of p3478 
(Fig. 1b) as expected, much of the ssDNA from BT1026 
sedimented slowly even after the 37 min chase. These features 
suggest that PollII in BT1026 is also partially defective at 
30° C in vivo, as in vitro®®, but to an even greater extent 
than in E4862. The above sedimentation properties of the 
DNA synthesised by BT1026 at 43° C were considerably 
accentuated (Fig. 3b). The amount of DNA synthesised was 
reduced greatly, and some degradation occurred in time. 
Most of the DNA sedimented slowly even after a 37 min 
chase and the larger pieces sedimented as intermediate sized 
pieces. Since these sedimentation properties are similar to 
those of ssDNA from the independent dnaK mutant E4862 
(Fig. 2c), residual PollII activity at 43° C probably was 
not involved in the slow conversion of short DNA pieces into 
intermediate sized pieces. 

A less complete conversion by BT1026 of short DNA 
pieces into intermediate sized pieces occurred at 43° C than 
at 30° C (compare Fig. 3a and b), suggesting that Poll, 
when Poll activity is reduced, participates in this conversion 
process. This possible role for PollII is obscured, however, 
by the requirement for PollIT in the maturation of the short 
DNA pieces. 

Pol ll 

A role for PollT in this slow conversion was examined using 
a mutant of BT1026 deficient in Poll]. This mutant, H10265, 
has no detectable PollII activity at 43° C and very little 
(<0.02% wild type) PollI activity at 30° C°. The amount 
of DNA synthesised by H10265 is similar to that by BT1026 
at 30° C. However, two differences in the ssDNA sedimentation 
profiles are apparent. First, the rate at which short ssDNA 
pieces were converted into intermediate sized pieces was re- 
duced in H10265 (3 min DNA distributions, Fig. 3a and c). 
This suggests that, when Poll is deficient, Pol[] participates m 
the conversion of short 20S ssDNA fragments into larger 705 
to 120S pieces. Second, the 40 min DNA from H10265 
sedimented as rapidly as did the parental DNA. Since Pollll 
seemed to be partially defective in vivo in BT1026 at 30° C 
(Fig. 3a), the presence of PollI, when PoHIT is partially 
defective, apparently prevents conversion of 70-1208 DNA 
into the size and/or shape typical of parental ssDNA. Very 
little DNA synthesis was observed in H10265 at 43° C; the 
resulting sedimentation profiles were similar to those of 
BT1026 at 48° C (Fig. 3b). 

Further evidence supporting these proposed roles for Poll] 
in DNA replication was obtained in similar studies using 
FE. coli HMS83, PolB derivative of p3478 containing no de- 
tectable Poll activity in vitro®. First, the rate of conversion 
of short ssDNA pieces in HMS83 to intermediate sized pieces 
was reduced when compared with p3478 (data not shown), 
again suggesting that PollI, when Poll activity is reduced, 
participates in this conversion. The slow residual conversion 
observed in HMSS83 was probably due either to residual Poll 
activitv?® or to PolIII activity. Second, intermediate sized 
pieces were converted into parental sized ssDNA within 40 
min at 30° C, indicating that neither Poll nor Polll were 
required for this conversion when PollII was present at wild 
type levels. 


Three stages in chain elongation 


Our results can be summarised in the schematic model 
shown in Fig. 4. Three stages in DNA chain elongation are 
visualised. In the first stage, synthesis of a short DNA frag- 
ment is initiated, the fragment is elongated èo a 208 piece, 
and processed into a form ready for fugther elongation. These 
pieces are the short DNA pieces discovered by Okazaki 
et al1®6 When PollII is deficient, synthesis of these piece8 
and/or their materation proceeds, very slowly and incom- 
pletely. In the second stage, the 20S pieces areeconverted into 
intermediate sized 70S to 120S pieces.” This conversion pro- 

9 
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e 
ceeds very rapidly when Poll is present in the cell compared 
with the first stage of chain elongation. When Poll is deficient, 
both PollI and PollII can participate in this conversion. In 
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Fic. 3 Alkaline sucrose gradients of DNA from BT1026 
and H10265. E. coli BT1026 thy-endA-polAl, dnaF 1026 and 
H1025 thy-endA-polAl polB- dnal1026 were cultured 
sepagately and the DNA was labelled and analysed as 
describe? in the legend to Fig. 1. The types of curves 
are as in Fig. 1; the 14C-DNA profiles were similar to the 
40 min 3H-DNA profile in (c) in each case, with the peak 
indicated by the arrow. The total radioactivity was 500- 
2.000 c.p.m. for 7H, and 900-5,000 c.p.m. for 14C. a, BT1026 
polAl dnaE1026, 30° C; b, BT1026 polAi dnaE 1926, 43° C; 
c, H10265 polAl polB- dnaE 1026, 30° C. 








-the third stage, intermediate sized pieces are converted into 
parental sized pieces. In cells containing Poll, PollII is 


required for this process. However, when Poll is deficient 
in a cell containing a defective Poll IT, the conversion seems 
to take place. 

Although biochemical reactions could not be determined in 
our experiments, the following possibilities seem worth men- 
tioning. PollII is required for elongation and complete syn- 
thesis of the most newly synthesised Okazaki DNA pieces. 
The RNA found covalently attached to these pieces?? may 
serve as a primer for initiation of synthesis of these short 
pieces, permitting a subsequent elongation reaction similar 
to the preferred gap-filling reaction catalysed in vitro by 
Poll IT™:*3, This elongation could continue until a termination 
signal were reached, such as running into the adjacent short 
DNA piece, terminating stage I. 

To begin stage II, the products of stage I may need to be 
processed. Attainment of a fixed size may suffice. Alterna- 
tively, removal of the putative RNA primer may be in- 
volved. A subsequent rapid repair of the gap left by the 
excised RNA, coupled with a ligase joining of the individual 
short pieces, could result in the 708 to 1208 pieces. Since 
this conversion occurs very rapidly in cells containing Poll, 
Poll may serve as an RNase H*4, catalysing the exonucleo- 
lytic removal of the RNA from the RNA-DNA duplex. 
Although Æ. coli contains a distinct RNase H activity*, 
Poll possesses RNase H activity in vitro?® and seems to have 
an RNase H role in vivè during eolEl DNA replication?’. 
When Poll activity is substantially reduced, either PollI or 
Poll, or both, may possess RNase H activity and remove 
the RNA primer. Alternatively, the E. coli RNase H may 
remove the RNA, and PollI and/or Polli] may fill in the 
gap left by the excised ribonucleotides. Joining of these 
matured short DNA pieces by a ligase would yield the 708 
to 1208 pieces. 

In stage II, the intermediate sized pieces (50-250 x 10° 
daltons) are converted into parental sized pieces. For a 
chromosome of 2,500 x 10° daltons, 5 to 25 such pieces 
would exist per chromosome. As an appealing hypothesis, 
the products of stage II may correspond to the newly syn- 
thesized DNA strands of the 12 to 80 loops found in the 
E. colt folded chromosome?! by Worcel and Burgi’. Stage III 
would then comprise the biochemical events joining these 
loops together to yield the supercoiled folded bacterial chromo- 
some**, This hypothesis also provides a rationale for involve- 
ment of PollII in stages I and III. Considerable indirect 
evidence for a replication site on the bacterial cell surface 
has acecumulated®*-**, and PollII seems to prefer a hydro- 
phobie environment!®.?*_ Worcel and Burgi?® propose that the 
12 to 80 loops may emanate from an RNA core, since RNA 
is essential for the integrity of the folded chromosomes. 
Such an RNA core could be part of the DNA replication 
site at the cell surface. Stage I could then take place in the 
hydrophobic environment of the DNA replication site, with 
PollII as the primary DNA replicase, whereas stage II might 
not require this environment and/or site and could occur in 
the cytoplasm. Stage HI could then again oecur at the repli- 
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Fre. 4 Three stages of chain elongation during E. coli 
DNA replication. 
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cation site, as the Worcell-Burgi loops projecting in : 
cytoplasm from the replication site were joined t 
This hypothesis would then partially compartrme 
E. coli DNA polymerases, localising Polli to the — 
phobic environment of the cell surface, thus in part © 
ing the need for different DNA polymerase enzymes to: 
lyse similar gap-filling polymerisation reactions | 
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Barbed bone points, typical of those from the early 
Holocene settlement of “Early Khartoum”, have been 
found at three sites along the White Nile, south of 
Khartoum. The form of the fragments and the stratig- 
raphy of the sites throw light on the environment and 
technology of the early settlements along this part of 
the Nile. 





During archaeological and geomorphological fieldwork along 
the White Nile south of Khartoum im February, 1973 (see 
Fig. 1), we found at three sites, fragments of barbed bone 
points typical of those from the early Holocene settlement of 
“Early Khartoum’, No radiocarbon dates exist for the 
“Early Khartoum” settlement, but at El Qoz? the character- 
istic pottery is found stratified below that associated with 
the Neolithic settlement at Esh Sh E heinab, the average date 
of which is 5,253 + 415 yr pp (ref. 2, page 107). One of our 
discoveries, from near the v lage of Tagra, is of particular 
interest because it came from a depth of 1.3 m in a soil 
pit for which two radiocarbon dates are already available. 
A second discovery was made on an ancient point bar of the 
White Nile, in swamps opposite Esh Shawal near Guli, 
The third site, which we studied in some detail, was located 
at Shabona and yielded an industry identical to that from 
‘Early Khartoum”. Shabona is a settlement site and only 
the second with this cultural pattern to have been found and 
excavated. A similar site was located about 8 km distant 
from Shabona so that it seems likely that other similar 
riverside settlements would be found in this part of the 
White Nile between Khartoum and Kosti. 


Tagra site 


Wiliams? in 1963 collected subfossil freshwater and amphib- 
ious Mollusca from 1.6 to 1.9 m depth in a soil pit near 
Tagra, the shell giving a radiocarbon date of 8,370 + 350 
yr BP (Isotopes Inc. 1485, dated by courtesy of Professor 
A. J. Whiteman). This pit was resampled by Williams and 
Adamson in 1972 and a shell radiocarbon date of 8,180 + 
225 yr BP (Sydney University Radiocarbon Laboratory 
SUA-68) was obtained from a depth of between 12 to 1.4 m. 
In February 1973, Adamson extended and sampled this pit 
yet again for more shell material and found, &t a depth of 
1.3 m, two fragments of a barbed bone point # fragments of 
small bones of mammal, fish bones inelading cat fish spines, 


and shells of Pla werner (Philippi) and Lanistes carinatus R 
(Oliver). The presence of large complete Pila up to 9 cm° 


long suggests deposition of the, shells ahd bone in situ and 
lack of disturbance by soil cracking and, mixing® 


e 


The ee and stratigraphy of the Tagra pit are shown 
in Fig. 1. The pit is located 230 m on a 42° bearing from 
the steel beacon marking the surveyed position of 13°5 BN, 
32°22’E and it les about 0.5 km east of the present 377.8 m 
high level of the White Nile as controlled by the Jebel Aulia 
dam. The pit surface is between 378.2 and 378.6 m whieh 
is somewhat lower than the elevation first reported*. Before 
the dam was built, local mean low water level was 372.2 m 
and local mean flood level was 375.4 m at the nearby Ed 
Dueim gauge®. The pit surface is, therefore, about 6 m above 
the ug oy level, : on 3m above ar former high ive 


“The barbed a SEA other bones and shells just 
mentioned, occurred near the base of a dark-grey clay 1.5 m 
thick, which overlies a calcie layer 10 em thiek (1.5 to 1.6 m) 
containing abundant hard caleium carbonate nodules and 
softer calcareous aggregates embedded in fine sand and silt. 
Beneath the ealeie layer is 15 em of olive-grey finely 
laminated silts (1.6 to 1.75 m} with thin bands of reddish- 
yellow lmonite accentuating the bedding planes. From 1.75 
fo 1.9 m, very pale greyish-brown clayey sand contains 
occasional shells of Pla wernei and Melanoides tuberculata 
(Miller), From 1.9 to 2.05 m there are alternating bands 
of rippled brown clay and grey or yellow sand, each band 
being about 0.5 to 1.0 em thick. Occasional strongly calcareous 
lenses occur in this horizon. The shells for the 8,370 + 350 
vr BP date came from between 1.6 and 1.9 m and were in situ. 
Light olive-grey clayey sand from 2.05 to 220 m formed a 
transitional layer above light grey fine quartz sand at least 
60 em thick. The total depth examined was 2.85 m. 


Sequence of events at Tagra | 


A tentative interpretation of the sequence of events at this 
site is offered. Fluviatile fine sands and clayey sands were 
lad down in the White Nile up to at least 376 m, that is 
about 4 m above the normal minimum water level before 
the Jebel Aulia dam was built. A further 30 cm of fluviatile 
aggradation occurred and both aquatic and semi-aquatic 
molluscan shells were incorporated in the silts, clays and 
sands some 8,000 to 8,500 yr ago at an elevation at least 
0.5 to 1.0 m above the pre-dam flood level. The presence 
of Melanoides tuberculata mdicates permanent water and 
Pila wernei and Lanistes carinatus, being amphibious species, 
could igdicate seasonal inundation, Their presence suggests 
a mixed assemblage of shells such as could occur at the 
boundary between permanent water and seasonally inundated 
swamps. The close alternation of rippled sands and clays in 
the horizon immediately below laminated grey silts is con- 
sistent with seasonal deposition between high and low water 
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Fic. 1 Location of the three sites in Central Sudan, with inset showing section of soil pit ab Tagra. 


level. The limonite bands between gleyed silt laminae also conditions tnd a change to seasonal inundation. T 
suggest an alternation of oxidising and reducing gonditions indicates in@ndation by slow moving water carrying. 











associated with seasonal Luo in a shallow littoral sediment. The site may have been subject to 
environment. annual flooding and partial drying whi 
The deposition of clay, the caleic layer, the absence of * ‘toich’ soils which adjoin rivers or ‘khors’ in t 
permanent-water mollusea and the signs of human activity gvamps of the Sudd negion in the soufhern $ 
are also consistent with the cessation of permanent water of carbonate accumulation, which may mar 
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Fic. 2 a, Tagra bone point fragments after joining; b, 
Guli specimen (drawn by R. Vermilion). 
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seasonal drying, is common in ‘toich’ soils and the horizontal 
ealeic band in the Tagra profile may be analogous. If the 
permanent, dry season water level of the White Nile was 
about 376-377 m, the flood season levels would have created 
“toich’ conditions at this site during the whole period of clay 
deposition. 
© The recession of the White Nile and the end of elay dep- 
osition by seasonal flooding at this site was governed by the 
own-cutting of the Blue Nile and consequent lowering of 
he White Nile’. The White Nile fell by about 4 m within the 
ast 6,000-8,000 yr, sufficient to account for a lowering of 
he level of permanent water, that is dry season level, at this 
te from about 376-377 m to the present pre-dam level of 
72.2 m. The effect of the Jebel Aulia dam when full is to 
ise the White Nile close to its prehistoric dry-season level 
< of 8,000 yr ago. 
















- Guli site 
© A second fragment of barbed bone point, heavily encrusted 
>with calcium carbonate, was found on a small sandy island 
< îm the White Nile swamps near Guli (Fig. 1) at 13°34’N, 
= $2°34’E at an estimated elevation of about 378.5 to 379 m, 
that is about 1 m above the present high water level caused 
> by the Jebel Aulia Dam (377.8 m). Before completion of the 
- dam, the maximum White Nile level, estimated by inter- 
polation between the Ed Dueim and Rabak gauges, was about 
375.6 m and the minimum about 373.0 m. The island is part 
of an old point bar in the large area of swamps and point 
bars, about 7 km wide, on the west side of the river opposite 
< Esh Shawal. The bone tool was found accidentally while 
< sampling a dense deposit of Pila wernei shells (0-35 em deep) 
_ for purposes of radiocarbon dating. The spoil from a drainage 
ditch across one corner of the deposit revealed abundant 
- potsherds with impressed fish-spine decoration, fossilised and 
subfossil fish bones, and subfossil Pila shells, indicating that 
the shell deposit. was associated with an old occupation site. 
The Pua shells were predominantly mature specimens averag- 
‘ing 30-50 mm, with large specimens up to 90 mm long. The 
whole shell assemblage was evidently not a natural one and 
_ this suggests that they were collected and brought to the 
<- geeupation site as food and/or bait. A sample of shell from 
a depth of 30-35 cm in the midden gave an age of 5,500 + 
90 yr BP (or 3530 + 90 bc.) (SUA-211) thus suggesting 
that the Guli site is contemporaneous with the “Khartoum 
éolithie” tradition as represented at Esh Shaheinab and 
other sites north of Khartoum. i 
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ie The Tagra bone point fragments (Fig..2a) have been cleaned 


: and the carbonate removed by the Technical Department of 


mm. In section it is a flattened elipsoid, more or less the 
same thickness throughout its length — 7.5 to 7.0 mm. 

The specimen is made from a longitudinally split fragment 
of long bone from a large mammal, rubbed smooth and 
polished on a grindstone. This smoothing and grinding have 
been insufficient to remove entirely evidence of the cancellous 
bone on the interior surface. The barbs have been made by 
working on each face opposed V-shaped grooves; these were 
set obliquely to the long axis and deepened so as to intersect 
at the edge. The intersection was then worked back by 
further transverse rubbing to deepen and enlarge the barb. 
The backs of the barbs are slightly concave, as in many of 
the “Early Khartoum” examples, and although the tip ends 
have been broken away, they may similarly have been given 
a reverse curve, for the beginnings of such ean be detected 
on the upper of the two surviving barbs. 

As in the uniserially barbed bone points from “Early 
Khartoum”, the Tagra specimen has also been provided with 
seven obliquely cut grooves between 40 mm and 21 mm 
from the proximal end. These grooves are believed to serve 
as an anchor for the binding that secured the point to the 
shaft so that, since the butt carries no perforation, the 
specimen is technically the non-detachable point of a spear 
rather than a harpoon. 

The Tagra specimen closely resembles ‘the “Early Khar- 
toum” points in general dimensions, nature of barbs and 
grooving of the rounded butt end. Only a small number, how- 
ever, out of more than 270 fragments at “Early Khartoum” 
have a flattened, elipsoidal cross-section, most being circular 
or elliptical in section. Variability of this kind is not unex- 
pected between independent settlements of this kind over 180 
km apart. There is, however, no indication that the Tagra 
point was associated with any living site debris; it seems to 
be an isolated find that had, probably, been lost in use away 
from the immediate settlement area. 

The specimen from Guli (Fig. 26) is the central portion of 
a similar uniserially barbed bone point; the distal and proxi- 
mal ends are both missing. It is 76 mm long, 22 mm broad 
across the first barb and the thickness varies between 9.0 
mm and 8.0 mm. It is made in a similar way from a seg- 
ment of longbone rubbed down on a sandstone grinder. The 
upper of the two barbs is complete but only the basal part 
of the second, adjacent to the stem, is preserved. The back 
of the complete barb exhibits the conecavo-convex profile 
characteristic of the bone points and harpoons from both 
“Early Khartoum” and Esh Shaheinab. The section across 
the surviving barb is a flattened elipse, similar to that of the 
point from Tagra. The missing distal portion probably ended 
in a point as it can hardly have been either long or broad 
enough to accommodate another barb unless this was of a 
vestigial nature. Similarly, there is no indication from the 
remaining length of the proximal end that there were ever 
more than two barbs. Although rare, forms with only two 
barbs are known from both “Early Khartoum” and Esh 
Shaheinab. The specimen is coated with a carbonate skin 
which hag not yet been removed, but there is nothing to lead 
one to suspect that the butt end bears groovings character- 
istic of points of “Early Khartoum” type. Neither is the 
surviving portion lugged and perforated as were the Neolithic 
harpoons, however, since the butt itself is missing, it is not 
possible to be certain that it may not have been pierced for 
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the attachment of a line, though this seems unlikely, 

The Guh example resembles more closely, therefore, the 
“Early Khartoum” type of bone point than it does the per- 
forated and lugged type of harpoon from Esh Shaheinab, 
although the radiocarbon determination suggests that it is 
more closely related in time to the Neolithie than the “pre- 
Neolithic”. Stylistic preferences and time differences between 
river bank settlements at this time are surely to be expected, 
as also is variability due to differences in the local availability 
of specific resources at the different sites and so in the equip- 
ment with which these were exploited. The Neolithic bone 
harpoon may well be related to hippo-hunting from dugouts 
or reed boats, as Arkell has previously hinted (ref. 2, page 
31). The barbed bone point, on the other hand, is more 
probably a spear for Nile perch and mud fish as well as 
for land mammals; barbed spears and harpoons have a very 
long history in the Nile basin? and in the west African 
Sahel?. 

The pottery from Guli shows affinities with the Khartoum 
Neolithic impressed wares though there are no sherds of “Bur- 
nished Dotted Wavy-Line” or opposed triangle impressed 
pottery in the collection. The majority of sherds seem to come 
from well-fired, deepish spherical bowls with imturned rims, 
the upper half at least of the exterior of the pot, and some- 
times the lip, being decorated with horizontal rows of im- 
pressed dots, some executed with a comb (eat fish spine or 
stamp) and others again with a rolled cord or grass roulette 
(compare ref. 2, plate 29:2). Rocker stamp decoration oc- 
curs on the interior of one sherd and the rim of a second. 
Another shows two rows of stamping on the rim and parallel 
grooving below; the sherd is also perforated, Another rim 
sherd shows a stamped chevron design such as occurs rarely 
also at Esh Shaheinab. These sherds are comparable also to 
the Khartoum Variant pottery from the 2nd Cataract and 
that from the Khashm el Girba region on the Upper Atbara 
which is similarly unburnished!*, The pottery confirms in 
general, therefore, the age determination of the Guli midden 
and bone point fragment. 

Age determinations on bone, shell and charcoal from the 
pre-Neolithic settlement at Shabona have not yet been re- 
ceived, but the similarity of the barbed bone points from 
this site (where the flattened section is more common than 
the circular form) and those from “Early Khartoum” to 
the Tagra specimen, suggest that this particular industrial 
tradition most probably belongs in the seventh and sixth 
millennia be. The “Early Khartoum” tradition had been 
replaced by that of the Khartoum Neolithic, which grew di- 
rectly out of it, by the middle of the fourth millennium 
be on the evidence of the dates from Esh Shaheinab and 
Guli, but its lower limit has yet to be determined. There 
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i3 every indication that it was a tradition of long duration 
evolving out of the local late Palaeolithic and early epi- 
Palaeolithic industries, through the gradual devel opment of 
4 specialised waterside technology and the a equisition at 
different times in its history of pottery and other improved 
cultural traits. 

The only other early site on the Nile yielding barbed bone 
points is the fishing camp of Cat Fish Cave in U pper Egyp 
(22°43N, 32°07’E) dating to before 6400 b.c No po 
was found here but the points bear onl y general resen 
to those of the “Early Khartoum” tradition. Thera 
tery either at the epi-Palaeolithic site of El Kab {e 
32°57 E) dating to 6400+ be. neith er, however, are ` 
bone points??. Pottery is again absent from i he epie-P 
lithic sites found by Wendorft? in the Fayum depre 
and dating between 5190 + 120 and 6150 + 130 be A 
ellised form of barbed point made from a cat fal 























associated with these small fishing ca mps, The : 
pottery from these seventh millennium sites in E 





gests, therefore, that the Tagra barbed bone [x 
belong to a similar early Holocene local Sudanese 


that had not yet developed the art of pottery ma 

the other hand, if the dates from Shabona prove fo be al 

with that from Tagra, the possibilit y that the characteristic 

“Wavy-Line” pottery and other wares of “Ear v Khartoum” 

type were an early and independent development on the 

Upper Nile or in the Sahara, as Arkell has suggested? t, he. 

comes much more likely. 
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FGF, a polypeptide found in brain and pituitary, 
provokes the initiation of DNA synthesis by resting 
3T3 cells. When glucocorticoids are present FGF stimu- 
lates DNA synthesis as effectively as seruņ. » 


‘een aaO 


MULTIPLICATION of animal cells in vitro requires certain 
macromolecular factors which are usually found in serum. 
Since none of these factors, except for somatomedin Al? had 





been isolated until recently, their mode of action has remained 
unclear. It is also unclear whether one or more of these fac- 
tors is requfred to initiate division in vive or in vitro. Tt has 
been sugge#ted*~7 that the pituitary gland is a souree of 
growth factors in mvo. Bovine pituitary glands have yielded 
an ovarian growth factor which controls the division of an 
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Fic. 1 Stimulation of division of resting 3T3 cells by 
FGF. 3T3 cells were plated in Dulbecco’s modified Eagle’s 
< medium (DME) in the presence of 10% calf serum (4 x 
404 cells per 60 x 15 mm plate). Eight hours later the 
medium was changed to DME with 0.4% calf serum (day 
0). On day 1 and day 3 (arrows), the FGF was added 
(50 ng mi). The number of cells per dish was counted 
every. day and plotted against time both in the presence 
(@) and the absence (©) of FGF. 


cable to stimulate growth of chondrocytes? or 3T3 cells®-7, 
-To ascertain whether or not the pituitary is the sole source 
of growth factors, crude extracts of a variety of bovine 
organs were tested for their ability to stimulate division of 
resting 3T3 cells. The highest concentration of fibroblast 
growth factor (FGF) was found in the brain. Pituitary ex- 
_tract was five to ten times less potent. Although FGF has 
-been purified from the pituitary®, the effort to purify it 
from the brain has been impeded by the high concentration 
of basic polypeptides of low molecular weight present in 
brain extracts. These polypeptides remain associated with the 
FGF making its purification from brain more difficult than 
from pituitary. 

Studies of the control by purified FGF of the division 
of resting 3T3 cells maintained at low serum concentration 
ave shown the stimulation of DNA synthesis by FGF to 
ye less than that induced by a high serum concentration. 
For maximal DNA synthesis, hydrocortisone (a glucocorti- 
oid) is required. This requirement is similar to that of an 
varian cell line’, which requires dexamethasone or hydro- 
cortisone for full cell division. In serum-free medium, FGF 
plus hydrocortisone stimulates DNA synthesis in a manner 
comparable with serum. 


Localisation of activity 


Growth factor activities of crude extracts of the following 
organs from freshly slaughtered cows were compared: heart, 
„liver, muscle, pituitary, brain, placenta (cotyledon), adrenal 
„cortex, adrenal medulla, ovary and lung. Each tissue was 
1omogenised at 4°C in 0.15 M (NH,),S04 in a Virtis homog- 
niser. The pH was adjusted to 4.5 and the hontogenate was 
lowed to stand in the cold. After 2 h the honeogenate was 
centrifuged and the supernatant was dialysed against de- 
ionised water overnight. The extract was then centrifuged 
- again; the supernatant was lyophilised and stored for use. 

The 3T3 cells used were grown in DME (Dulbecco’s modj- 
fied Eagle’s medium) supplemented with 10%*calf serum 
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decreased to 0.4% to make the cells enter a resting stage 
(Fig. 1). DNA synthesis was assayed quantitatively by 
measuring *H-thymidine incorporation into trichloroacetic 
acid-precipitable material. 

When brain or pituitary extracts were added to cultures 
of resting 3T3 cells, DNA synthesis was enhanced in pro- 
portion to concentration (Fig. 2). In contrast, muscle and 
kidney extracts were inactive except when high concen- 
trations (2.5 ug ml) of protein were present. The slight 
growth factor activity of kidney extracts was consistent 
with the activity to be expected due to the presence of 
serum in the kidney at the time of extraction. 

The effects of crude extracts of diverse tissues is presented 
in Table 1. The incorporation of #H-thymidine by 3T3 cells 
is clearly much higher in the presence of crude brain or 
pituitary extract than in the presence of extracts from any 
other tissue tested. The slight degree of stimulation by ex- 
tracts from other tissues can, in certain cases, be attributed 
to their serum content. For example, if liver is perfused 
with saline before extraction most of the stimulatory effect 
disappears. 

Brain extract was a more potent stimulant of DNA syn- 
thesis than pituitary extract (Fig. 2). The minimum con- 
centration of brain extract which stimulated *H-thymidine 
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Fic. 2 DNA synthesis in 3T3 cells in response to various 
concentrations of diverse crude extracts. 3T3 cells were 
plated in DME with 10% calf serum (4 x 104 cells per 
60 x 15 mm dish with 5 ml of medium per dish). Eight 
hours later the medium was removed and replaced by 
DME with 0.4% calf serum. Twenty-four hours later the 
same washing was repeated after which the cells were 
maintained for 3 d without changing the medium. On day 
3, various concentrations of samples dissolved in the 
presence of 0.4% crystalline bovine albumin (to minimise 
nonspecific adsorption) were added to the cultures. Samples 
were added in fluid volumes ranging from 25 to 100 al. 
Sixteen hours later, 50 al of DME containing 10 «Ci of 
3H-thymidine (#H-methyl, NEN) and 6 ug of cold thy- 
midine were added to each dish. After 11 h incubation at 
37° C the dishes were washed once with a buffered salt 
solution, after which 2 ml of 0.5 N NaOH was added and 
the dishes were further incubated for 8 h at 37° C. DNA 
was then precipitated by adding trichloroacetic acid (TCA) 
to a final concentration of 10%. The precipitates were 
collected on Whatman GF/C glass fibre filters, washed 
twice with 10% TCA and counted (scintillation counter 
with toluefie-PPO-POPOP solution) as radioactivity in- 
corporated in DNA. The incorporation of 3H-thymidine 
was 650 ¢.p.m. per dish in controls. All points were done in 
triplicate. Standard errors did not average more than 10% 
of the mean. ©, Brain; A, pituitary; ©, kidney; O, 
muscle. 
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Fic. 3 DNA synthesis in C6 glial cells in the presence 
of various concentrations of diverse crude extracts. C6 
cells were grown as described for 3T3 cells. Cells were 
plated in DME plus 5% calf serum (6 x 10* cells per 
60 x 15 mm dish with 5 ml of medium per dish). Eight 
hours later the medium was removed and replaced with 
DME plus 0.2% calf serum. Twenty-four hours later the 
same washing was repeated after which the cells were 
maintained for 3 d without changing the medium. On day 
3, various concentrations of samples dissolved in the pres- 
ence of 0.5% crystalline bovine serum albumin (to minimise 
nonspecific adsorption) were added to the cultures. Samples 
were added in fluid volumes ranging from 25 to 100 yl. 
Determination of 3H-thymidine incorporation was as de- 
scribed in Fig. 2. The incorporation of *H-thymidine was 
850 c.p.m. per dish in controls. All poimts were done in 

triplicate. Standard errors did not average more than 
10% of the mean. ©, Brain; A, pituitary; O, liver; 

@, adrenal cortex: A, ovary. 


incorporation was 25 ng ml“ compared with 100 ng mi~ 
for pituitary extract. This is a comparison of pituitary extract 
and extract of whole brain. If growth factor activity in the 
brain can be localised to some small region, the specific 
aetivity of that region will be much greater than that of 
the more ‘dilute’ whole brain preparation and, accordingly, 
much greater than that of the pituitary extract. 
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Fie. 4 DNA synthesis in 3T3 cells in the presence of 
serum compared with FGF. ay cells were plated and 
maintained as described in Fig. 2 (4 x 104 cells per 60 x 
15 mm dish). The incorporation of ’H-thymidine was 600 
cpm. per dish in controls. A, Effect of increasing con- 
centrations of calf serum on the incorporation of 3H- 
thymidine into DNA. B, Effect of increasing concentra- 
tions of FGF on the incorporation of *H-thymidine into 
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F. 5 DNA synthesis in 3T3 cells in the ga 
serum, hydrocortisone and FGE. 3T3 « 

and maintained as described in Fig. 2 (24 
60 x 15 mm dish). The experiment was © 
described in Fig. 2. a, 3T3 cells maintained in the 
of increasing concentrations of serum (@) and se 
ug mi of hydrocortisone (WM), The incorpe 
H-thymidine was 300 c.p.m. per dish in the con 
313 cells maintained in the presence of increas: 
centrations of FGF in the presence (O) and abser 
of 0.5 ug mi of hydrocortisone. The steneahns 


the FGF is present as contaminant is shor o 
line. The purified FGF is about 200-500 
that preparation. 





To test the ubiquity of the growth stimulating 


been used. Figure 3 shows that the growth of C6 glial cells 
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Fia.6 DNA synthesis in 3T3 cells in the presei 
either serum or FGF plus or minus hydroco: 
cells were plated and maintained as des 
2 (24 x 10% cells per 60 x 15 mm dish). ° 
hours before the addition of FGF and hydrocorts: 
04% calf serum medium was removed and replace 
DME containing 0.25% crystalline bovine serum al 
and 05 „g ml of hydrocortisone; im some di 
hydrocortisone was not added. owent Sig hours ist 





















centrations and the experiment was aned aS r desert bed 
in Fig. 2. The incorporation of *H-thymidine was í 
c.p.m. per edish in the controls. a, Effect of increasing 
concentratigns of calf serum on the incorporation- of 
3H-thymidine into DNA of. 3T3 cells maint ined the 
absence of serum ‘and in the presence of hydrow 
b, Effect of increasing concentrations of 
corporation of Rael eae into DNA of STS g 
tained in the absence, of serum and in, the presence 
or absence (@) of hydrocortisone, 
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ABLE 1} 


of increasing concentrations of various crude extracts _ 









100 250 1,000 5,000 

4,600 8,500 10,200 9,500 

2,500 5,100 7,600 10,200 

Si a8 1,000 1,860 3,600 
“> Perfused liver 720 690 1,250 1,820 
© Cotyledon 620 650 1,200 1,150 
Heart 610 670 750 1,600 
Muscle 625 RIO 925 1,750 
Ovary 650 710 1,200 1,560 
Adrenal cortex 670 925 970 1,920 
Adrenal medulla 580 570 420 750 
Kidney 630 825 1,250 1,850 





Results are expressed in ¢e.p.m. of *H-thymidine incorporated 
into DNA. 3T3 cells were plated as described in Fig. 2 (32,000 cells 
per 60 X 15 mm dish) and *H-thymidine incorporated into DNA 

=o was assayed as described in Fig. 2. The incorporation of °H- 
0. thymidine was 630 ¢.p.m. per plate in the controls. All points 
- were done in triplicate and standard errors did not average more 
. than 10° of the mean. 








48 also stimulated. This cell line was chosen because the cells 
remain differentiated in culture, as demonstrated by the 
~~ existence of a functional nor-adrenaline receptor? and by their 

secretion of Siw protein, a specific marker for glial cells!®. As 

with 3T3 cells, C6 cells respond to crude brain and pituitary 
=o extracts by an increase in DNA synthesis. However, C6 cells 
= are less sensitive to the extracts than are 3T3 cells. Further- 
<o more, the maximum level of stimulation produced by brain 
extract is twice that produced by pituitary extract. Extracts 
of other tissues had no effect (Fig. 3). I now have evidence 
that crude extract of brain or pituitary ean induce division not 
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oe Taste 2 Degree of stimulation or inhibition by steroids on the 









is then not restricted to a 


Purification and activity 


The purification of FGF from pituitary glands (described 
in full in ref. 8) is briefly as follows. Bovine pituitary glands 
are extracted at pH 4.5 with 0.15 M (NH,).SO,. Addition of 
HPO, to pH 3.0 removes an inactive fraction. FGF activity 
was precipitated between 2.34 and 3.8 M (NH,).SO, at pH 
7.0 and further purified by carboxymethycellulose chromato- 
graphy. The activity was adsorbed from 0.01 M potassium 
phosphate, pH 5.9, and eluted with 1 M NaCl and 01 M 
potassium phosphate, pH 59. Further purification was 
achieved by chromatography on Sephadex G-75 and Sephadex 
SE C-50. The yield of purified FGF averaged 1 mg kg of 
pituitary. Acrylamide gel electrophoresis at pH 4.5 (ref. 11) 
revealed a single band. Contamination by pituitary hormones 
was negligible. 

As mentioned earlier, purification of the FGF from the 
brain is more difficult and has progressed more slowly. An 
effort is under way to purify FGF from the brain in order 
to determine whether or not it is identical to the FGF 
purified from the pituitary. | 

When purified FGF was added to resting 3T3 cells main- 
tained at low serum concentration, they entered a division 
cycle as evidenced by an increase in cell number compared 
with controls, and as demonstrated by autoradiography 
(Fig. 1). 

The initiation of DNA synthesis by 3T3 cells maintained 
in the presence of 0.4% calf serum in response to FGF was 
assayed quantitatively by measuring *H-thymidine incorpora- 
tion into trichloroacetic acid-precipitable material. As Fig. 


incorporation of *H-thymidine into DNA of 3T3 cells maintained in 


the presence of FGF 


3H-thymidine  Inhibition* 





means AAAA AAA LAS in pastama AHA OHARA a frre reer TAP Re err AHA ALAM AEN OLS NENA 


E Cone. | . Conc. ‘H-thymidine Inhibition Stimulationt 
c> Steroids (ug ml!) (e.p.m.) (%) Steroids (ug mi~) (e.p.m.) (%) (%) 
oo. &4~Androstene-3, A‘-Pregnen-21-ol-3, 
i7-dione 0.1 3,521 62 20-dione 0.1 13 ,803 149 
1.0 2'098 78 1.0 14,358 156 
A 10.0 30 100 10.0 2,324 75 = 
- A*- Androstene-38, A‘-Pregnen-11,, 
> 178-diol 0.1 3,198 65 21-diol-3, 20-dione 0.1 15,202 16: 
1.0 2,898 69 1.0 14,573 157 
10.0 1,534 84 10.0 9,098 == = s 
åt-Androsten 178- A‘-Pregnen-21-ol-3, 
ol-3-one 0.1 4,478 52 11, 20-trione 0.1 3,129 62 
1.0 1,805 Tl 1.0 3,300 65 
10.0 (-)656] 100 10.0 (~)716 100 
A®-Pregnen-36-ol- A‘-Pregnen-118, 17a, 
20-One 0.1 924 90 21-triol-3, 20-dione 0.1 19,937 215 
1.0 (— )694 100 1.0 21,018 226 
; 10.0 ( — )525 100 10.0 19,134 206 
At-Pregnen-3, 
20-dione 0.1 8,264 ii Dexamethasone 0.1 24,278 261 
1.0 7,008 25 1.0 24,481 263 
10.0 ( — )286 109 10.0 18,985 204 
=o 178-Oestradiol 0.1 4,088 56 FGF 50 ng mi“! 9 , 283 
a 1.0 2,097 78 Serum 8% 26,741 
10.0 (— )680 100 






owas added to a final concentration of 8% 


Phe incorporation of radioactivity 
=. steroids and 8% serum. 


* Inhibition values are expressed as percentage of the difference between FGF 


— below defined as 100% inhibition. 


3 373 cells were plated and maintained as described in Fig. 2 (3.2 x 
- FGF (50 ng mi~) plus the different steroids were added to the dishes. 


10‘ cells per 60 x 15 mm dish). On the day of the experiment, 
The steroids were added in a final volume of 25 ul of ethanol. Serum 


OWASE at . Thymidine incorporation was measured as described in Fig. 2 and the radioactivity incorporated 
< into DNA in the presence of FGF was compared with that obtained in the presence of FGF plus steroids and in the presence of 8% serum. 
in controls was 800 ¢.p.m.; this value has been deducted from the values obtained with FGF, FGF plus 


and control levels with control levels (800 c.p.m.) and 


f Stimulation values are expressed as percentage of the FGF stimulation. 
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ineqrporated into DNA when 


-. _ $ In some cases the radioactivity 
- indicated by the sign (—).  * 


FGF plus steroids were present was less than that of controls; this is 
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<A shows, when increasing concentrations of FGF were added 
to resting cells they started to make DNA more actively. 
The minimal effective dose of FGF was about 0.1 ng ml 
and plateau values were 5-10 ng ml (Figs 4 and 5). Based 
on a molecular weight of 13,000 (ref. 8) this represents a 
concentration of 1 x 10°°M, These concentrations are com- 
parable with the physiological concentrations of polypeptide 
hormones in serum and are indicative of the potency of the 
FGF. | 

The maximal stimulation of DNA synthesis by FGF is 
about 30% of that observed with optimal serum concentration 
(Figs 4 and 5). This could indicate either that only 30% 
of the FGF-stimulated 3T3 cells enter the proliferative phase, 
or that the serum-containing medium stimulates more com- 
plete division, thus inducing additional DNA synthesis. The 
first hypothesis was rejected since autoradiography indicated 
that the entire 3T3 population was actively engaged in DNA 
synthesis when stimulated by FGF. The second hypothesis 
was explored by seeking factors which can potentiate the 
effect of FGF. It has been shown for many biological systems 
that glucocorticoids potentiate (permissive effect) the bio- 
logical effect of polypeptide hormones!?, Thrash and Cunning- 
ham have reported the stimulation of division of density 
inhibited fibroblasts by glucocorticoids'® and Armelin has 
reported that glucocorticoids enhanced pituitary growth 
promoting activity®. These observations have led me to 
examine the effect of hydrocortisone and dexamethasone on 
FGF-stimulated DNA synthesis. Figure 5 shows that when 
3T3 cells were maintained in the presence of FGF and 
hydrocortisone, the degree of incorporation of ?H-thymidine 
into DNA became comparable with that found in the presence 
of serum. Furthermore, hydrocortisone did not potentiate the 
stimulatory activity of serum except when the serum was 
present in small concentrations. This can be interpreted as 
indicating that the concentration of hydrocortisone in serum 
is optimal to provoke maximal DNA synthesis. However, 
at low serum concentrations the hydrocortisone concentration 
is too low to be effective. | 

Progestogen, androgen and oestrogen were also tested for 
their permissive effect on the action of FGF. As Table 2 
shows, androgen and oestrogen have an antagonistic effect on 
the incorporation of *H-thymidine into DNA. In the presence 
of high concentrations (10 ug ml) incorporation could even 
decline to less than that observed with control 3T3 cells 
maintained without FGF. Progesterone in low concentrations 
had no marked inhibitory effect; however, when the con- 
centration was increased to 10 pg ml“, *H-thymidine in- 
corporation was inhibited completely. This effect of progester- 
one was interesting because the compound can compete for 
the receptor site of glucocorticoids**. 

In contrast to oestrogen, androgen and progestogen, 
glucocorticoids were agonistic with the exception of de- 
hydrocortisone which was antagonistic. As expected from 
the previous results, dexamethasone and hydrocortisone were 
the most potent agonists and brought the incorporation of 
3H-thymidine to a level similar to that observed in the 
presence of high serum concentration. 

If FGF and hydrocortisone are the only factors required 
for the control of 3T3 cell division, serum requirements for 
3T3 cells can be replaced by those agents. As Fig. 6 shows, 
when 3T3 cells are maintained in the presence of 0.2% 
bovine serum albumin and hydrocortisone (0.5 pg mi?) 
they enter a resting stage. When FGF is added, DNA 
synthesis is initiated. The level of stimulation observed in 
the presence of an optimal concentration of FGF is com- 
parable with that obtained with serum. 

In summary, induction of 3T3 cell division requires only 











two agents, a polypeptide which has been purified from: the 
pituitary gland and a MEE E one 
though the nature of the permissive effect of gluco 
on FGF activity can only be the object of specula 
glucocorticoids may be involved in the control of on 
more “Aaa agree of the FGF effector asa An or 


a in ‘he aeie of E few. or m 
sites would be present, resulting in little activi 
In their presence, the number of active site 
duced maximally, leading to maximal activity í 
similar hy pothesis for the permissive effect of glue 
on the lipolytie activity of luteinizing hormone"? a 
stimulating hormone!* has already been suggested. 

It should be kept in mind that if glucocorticoids are 
for the induction of 3T3 cell division, that require 
not necessarily apply to all types of cells. For LOZO fibre 
glucocorticoids are inhibitory. 

Finally, it should be pointed out that mal 
ments only the initiation of 3T3 cell diva 
synthesis for which I think the FGF 
drocortisone is responsible have been inv estigated. ° 2 
do not exclude the possibility of the presence im 
other factors which may affect cell plating, attach 
survival'8.19, However, the acquisition of a highly 
polypeptide which triggers division of 373 cel 
shquld facilitate the study of the initial events win 
the cell to divide. 
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Seafloor spreading theory seems to explain why the 
ancestors of a green turtle (Chelonia mydas) subpopulation 
which now travels 2,000 km from Brazil to breed at 
Ascension Island, were induced to swim oceanwards for 
increasing distances during the gradual separation of South 
America and Africa in the earliest Tertiary. 


A SUBPOPULATION of the green turtle (Chelonia mydas) lives on 
the coast of Brazil but breeds and nests 2,000 km away on 
Ascension Island in the central equatorial Atlantic!-*. The feat 
of navigation involved in this odyssey has not been explained®:’, 
A puzzle of equal stature, and of more fundamental importance, 
arises in trying to account for the initial stages in the evolution 


= of the adaptation®*. Populations of the genus Chelonia have 


distinctive characteristics—enormous shoulder musculature 
together with its support, heavy fat deposits, and a peculiar jaw 
structure. The ecological regimen responsible for these char- 


: _ acteristics is evidently the herbivorous feeding habit”! and the 
- need that this imposed for travel between a protected, shallow 


water pasture ground and the exposed shores on which suitable 
nesting beaches develop. Offshore and oceanic islands are likely 


to have good surf-built beaches and they almost always offer 


relative freedom from the nest-predators which plague mainland 
nesting beaches. In spite of these advantages, however, the 
Ascension colony has established the adaptations in the face of 
huge difficulties, inherent in the initial stages, which seem to 
make impossible demands on the process of natural selection. 
Seafloor spreading theory may bear directly upon this aspect, 
and it also offers clues to the navigation problem. 


Turtles and central Atlantic opening 

Marine turtles of Chelonia type inhabited the seas between 
‘North America’ and northwestern Gondwanaland by the 
beginning of the late Cretaceous, about 100 million years (Myr) 
ago. Because of the cheloniid fossil record in this general area 
(refs 9-12 with the references provided there), we postulate that 
these ancient turtles included the ancestors of Chelonia mydas, 
even though its phylogeny cannot at present be reconstructed. 
(Chelonia has been found in Miocene sediments*?°.) The 
northern coast of South America was a suitable habitat for these 
early turtles, providing a tropical to subtropical environment. 
There is fossil evidence that even then the herbivorous habit had 
evolved and that there was a separation of residence-pasture and 
breeding grounds'?. Mammalian egg-predators no doubt acted 
as a limiting factor in turtle ecology at this time, augmenting the 
advantage in island nesting. 

The opening of the equatorial Atlantic!*!* (Fig. la and b), 
marking the final separation of South America and Africa at 
about 80 Myr ago, took place in steps: first, rift valley formation 
at about 110 Myr ago, or even earlier; second® sporadic but 
progressive ocean flooding with a stréng west-to-east component 
by 90-80 Myr ago; and finally development of a ridge system 


which linked the spreading ridges of the North and South i 


Atlantic and made of it a single ocean by 80 Myr ago. 
Volcanic piles are a freq uent feature of Midoceanic ridges, and 
some may grow sufficiently to emerge as islands. “As spreading 


| North ' North 
Atlantic | Atlantic 





Fig.1 a, Predrift reconstruction of equatorial ‘South America’ 

and “West Africa’, as parts of north-western Gondwanaland, 

based on the computer-tested bathymetric fit of Bullard et al. 

(ref 23), b, Reconstruction for the time of about 80 Myr ago. A 

‘Red Sea’ connects the northern Atlantic with the younger 

southern Atlantic and its youthful spreading ridge. Spreading 
ridge detail is schematic. 


continues, they become inactive and are carried outwards and 
downwards and become seamounts”, the deepest being furthest 
from the ridge axis. They are sporadically replaced by new 
volcanoes on the ridge so that for the continental observer the 
volcanoes march seawards through time (Fig. 2). The ancestral 
turtles could thus migrate outwards with the volcanic islands, 
without the demands on the process of natural selection 
becoming excessive. 


‘Ascension’ of very late Cretaceous 


Brazil 


Brazil 





Fig. 2 The progressive appearance, then disappearance, of 

spreading ridge volcanoes as part of seafloor spreading mechan- 

ism. a, Approximately 70 Myr BP; b, approximately 60 Myr BP; 
c, approximately 1 Myr BP, 


































































"Before 100 Myr ago, niie populations travelled between 
residence-pasture and breeding grounds along the shores of 
northern South America. By 90 Myr ago, a corridor had opened 
at the head of the gulf between Brazil and West Africa in line 
with the established longshore travel paths. By 80 Myr ago, the 
corrider was complete, much new coastline had been added, 
and there was a string of offshore islands. The exploitation of 
this oceanic channel by the turtles simply required repetitive 
extension of previous travel paths (Fig. 3). The bearings were 
WNW-ESE. This is close to a latitudinal course, and could be 
navigated relatively easily. Locating a particular beach on an 
island within this narrow sea or along its coasts would involve 
a longitudinal fix: local currents, rivers, even surfbeat, would 
offer individual signatures. it seems reasonable to assume that 
this pattern of travel, constant over a long period of time would 
become an established, heritable part of the turtle’s behaviour. 


Spreading 
ridge 





Fig.3 As seafloor spreading proceeds, through stages a, band rea 

new volcanic islands are generated near the ridge crest (double 

line). Older ones have moved out with the flanks of the ridge and 

gradually sink until they are submarine (open circle). As a 

former breeding ground becomes unusable, the turtle swims 
further on the same, or nearly the same, course. 


By 80 Myr ago the Brazil~West Africa sea channel had 
connected with the northern South Atlantic and its active 
spreading ridge (Fig. 1b). The ridge volcanoes which had formed 
earliest, were close to those which had arisen or were still 
arising at the eastern end of the sea channel. For these new ridge 
islands to become included in the range of breeding grounds it 
was necessary only that some turtles extend their travel path, 
that is, simply stay on course, assuming either that the turtle was 
distracted from its prime target; or that the target had become 
submerged and unusable. On return trips the turtles would be 
guided to the final landfall by chemical cues, by surfbeat or even 
by direct vision. A degree of elasticity in the establishment and 
recognition of breeding grounds is necessary, but not much 
more than seems consistent with that found in the modern green 
turtle?®. 

We envisage that by 70 Myr ago, the ancestors of the Ascen- 
sion Island colony were making seaward breeding migrations of 
up to 300 km-—a figure consistent with the spreading rate of 
2cm yr (refs 14, 19). This process continued (Fig. 3) assuming 
there was sporadic creation of volcanic islands; Ascension 
Island is the last and youngest of them (less than 7 Myrold!* **), 
What was probably the penultimate island is now a seamount 
15km away, which is submerged to a depth of 1,500 m (ref 21). 

We cannot establish the existence of a narrow swathe of sea- 
mounts connecting north-east Brazil with Ascension Island, 








because the detailed bathymetry is not well Known. 
however, a suggestion of a line of seamounts runn 
eastwards from near Recife to about 30° W and the 
east to Ascension (Fig. 4). This last limb is close to t 
the Ascension Fracture Zone and its ridge’. The ear 
migration may have been controlled by volcanic islan 
arose along the ridge. 


Brazil to Ascension 
We have argued that, since early in the Cainozoic. l 
has had an inherited ‘tendency to swim a parts 
roughly WNW-—ESE. This path can be follo 
rising sun as a beacon to stay on latitude, ș 
simpler by the fact that the path is equatorial 
period is seasonal; turtles arrive at Ascension fr 
until May. Thus, for a December departure from t 
northern Brazil the turtle heads directly into the ris 
is, ESE) and does the same every day. At night it re 
equatorial current or even drifts eastwards with: 
equatorial current’. The journey takes pe i 
Because of the northerly drift of the sun at this” 
the general path followed from Brazil towa 

describe a gentle arc, convex to the south, of thes ği 
Fig. 4. The required target is the intersection of th 
with a plume of sensory clues arising from the island. 
the equatorial current, which at this latitude has a- 
component, the stream line of solubles released from: 
is favourably disposed to make the intersection and 
turtle with a pathway to landfall; the stream line. < 
tudinal fix. The equatorial current also Serves ar 
function, that of carrying the hatchlings, imprit 
away from the ecologically unsuitable island, Thes s 
ments probably existed for the eariy Cainozoic p 
when the separation between Africa and South . 

insufficient for development of an equatorial curre 
structions of late C relaceous current systems”? a 











would perform the same aoc ‘dyeing the pers 
migration to the islands. 
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Fig. 4 The western equatorial Atlantic. The arrows... 

the generalised direction of the Equateria! Curre 

northern hemisphere summer). A possible line of 

(there are others) is indicated by the vertical crosse 

these is a hypothetical migration path (heavy pat 

tested) taken by the pene on partes from Brazil to 
Island. 


This navigatory scheme is simpler than that of o al, 
(ref 7). In particular, it calls for a smaller peish fron m en 










the African background or ‘noise’ a: een the i equ 
current is loaded (the Congo contribution alone is massive; 
the sun, in gombination with chemoreceptive detection of the 
Ascension plume, is used as a navigational beacon, there d 
seem to be a corollary which can be examined: turtles 
northern parts of the resident grounds would depa 
those from southern parts (south of Recif) would d 
This is a necessary gonsequence of the northerly swi 
san during the visitation period.» * 
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Inheritance of behaviour © 

We suggest that the process of racial learning is of the repetitive, 
stepping-stone type, which requires no radical change in 
behaviour at any point. The hypothesis puts the migration to 
Ascension Island in an evolutionary framework by allowing 
selective and adaptive processes to operate over a great period 
of time. Indeed, the period of time may be too long to be 
acceptable to some. If we are right it means that an extant 
species has inherited a vital behaviour pattern from ancestors 
that lived 40 Myr ago and more. In purely taxonomic terms 
these ancestral species were different, and perhaps very different, 
from Chelonia mydas. In the face of this somewhat unpalatable 
notion, we take comfort in the realisation that species are more 
than flesh and bones, especially bones. For the Ascension Island 
colony, we accept the seaward migration drive as an inherited 
feature that predates other morphological features convention- 
ally used in systematics to define taxa at species and genus levels. 
We also accept the far reaching implications which lie behind 
this statement and its preamble, but we do not have space to 
discuss them here. 

This article is the result, and therefore an acknowledgment, 
of the scholarly opportunities given to one of us (P.J.C.) during 
a year as Visiting Professor at the Hawaii Institute of Geo- 
physics, University of Hawaii, where the Director, George 
Woollard, gave special help. A.C. received support from the 
National Science Foundation. 
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Uranium in HR8911 


IN recent years there has been growing interest in analysing 
stellar spectra in order to observe r-process elements (which are 
synthesised by neutron capture on fast time scales). Cool 
Ap stars seem to be the most likely objects to display lines of 
such elements'*. We report here preliminary results con- 
cerning some anomalies in the spectrum, which were obtained 
during analysis of the Cr-Eu-Sr peculiar star HR8911 (K 
Piscium) and which show evidence for the presence of r-process 
elements in this object. 

Four Mount Palomar spectrograms of HR891i1 were 
measured, one of which was at 4.5 A mm™ dispersion, and 
the spectral lines identified from tracings obtained with a 
Hilger microphotometer..As only about 2/3 of the spectral 
lines belonged to common elements of A-type stars, we 
further examined the unidentified lines in the plate at higher 
dispersions to search for r-process elements. We compared 
the stellar wavelengths and intensities with those listed by 
Zeidel et al. It is important to stress that the following 
results concern a single spectrogram, whereas HR8911 is a 
spectrum-variable star and cursory inspection of the other 
plates shows considerable spectral variations. For example, 
in another plate lines of Fe I 43, usually strong in spectra of 
A-type stars, are much fainter than in the measured spectro- 
gram. 

Of the heavy elements synthesised if r-processes* the 
presence of osmium and uranium has been confirmed in our 
analysis. All unblended Os I lines with intensity greater than 
50 in the intensity scdle of Meggers ef ul.’ have been found in 


e 


the spectrum, together with many blended, and fainter lines, 
such as those observed in the spectrum of 73 Draconis 
Unblended Os II lines have not been observed. Almost all 
unblended lines of U H with intensity greater than 40 have 
been found in our spectrogram and the presence of many 
other blended lines is suspected. In addition, we remark that 


are unblended and clearly visible in the spectrogram. 

Furthermore, there is some evidence for the presence of both 
neutral and singly ionised platinum in the atmosphere of this 
star, because the four strongest unblended lines of Pt I and 
some blended lines of Pt If were observed in the tracings. 
In addition, the strong Pt I ultraviolet line at 4 = 3,551.37 A 
is Clearly visible in the other plates (10 A/mm!dispersion), 

Among the other r-process heavy elements, we found no 
lines of gold, mercury, lead and bismuth. There are, however, 
some lines coincidental with Ir I lines, the strongest at à = 
3,800.12 A. This is unblended and clearly visible in the 
spectrogram. 

In conclusion, it seems that HR89I1 shows evidence for 
r-process elements, so it must be added to those Ap stars in 
which such elements have already been detected. Thus the 
complex problem of the origin of Ap stars requires a theory 
which accounts for the presence of these elements in many 
objects. The hypothesis of a supernova explosion of a nearby 
Star’ is am acceptable theory because the nucleosynthesis of the 
r-process elements requires a very high neutron density, such 
as that found in the interior of a highly evolved star. We notice 
further that in this case magnetic accretion’, could have an 
important role. 
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Maxwellian relative energies and 


solar neutrinos 

Tue solar neutrino discrepancy is now regarded'? as very 
serious. The general attitude is that the Sun is trying to tell us 
something but no one is quite sure what. I wish in this note 
to add to the list of possible ad hoc explanations; namely that 
the scarcity of *B neutrinos reflects a departure of the distribu- 
tion of relative kinetic energies from the Maxwellian distribu- 
tion. I have not been able to calculate a cause of the indicated 
depletion of the high energy tail of relative energies, so this 
explanation must be limited to the associated effect. 

For an ideal gas (which the solar plasma is not) the Max- 
wellian distributions of single-particle energies can be shown? 
to be equivalent to a Maxwellian distribution for the motion 
of the centre of mass of the summed masses multiplied by a 
Maxwellian distribution for the relative motion of the reduced 
mass. Thermonuclear reactions are calculated with the last of 
these Maxwellian distributions. For a gas having long range 
interactions, such as the solar plasma, the distribution function 
cannot strictly be obtained in such a simple way. The particles 
undergo many-body collisions and the energy assignable to a 
particular pair of particles is not defined. A powerful theory 
could calculate a distribution of relative energies, but only by 
projecting out of the total distribution its two-particle projec- 
tion. The usual argument is that the average Coulomb energy is 
smaller than the average thermal energy, so that an ideal gas is 
a good approximation. 

Nonetheless we should perhaps be cautious, because the 
thermonuclear reactions involve improbable high energy 
fluctuations. For example, in a recent model’ of the solar 
centre having Te = 14.9 x 10° K the most effective? energy 
Eo for the pp reaction is Eo (pp) = 4.58 kT, and the reaction 
He (a, y) ‘Be leading to production a °B involves pairs whose 
average relative energy is Eo (3, 4) = 17.4 kT — very far out 
on the tail of the distribution. The power for the Sun comes 
from energies of a few AT, whereas the neutrinos come from 
nearly 20 AT; that causes the °B neutrino flux to be strongly 
modified if the high energy tail of the two-particle distribution 
is depleted. 

To illustrate these effects 1 have recalculated the Sun assuming 
all Maxwellian distributions are multiplied by the same factor 
exp/ (E), where f(E) is a slowly varying function of energy. 
I find that the *B flux from the Sun depend’ on d2f/dE?: if 
d*f/dE*? < o, the *B flux is reduced and if d?//dE?>0 it is 
increased. The findings are most easily discussed by expanding 
f(E) in Taylor series as f(E) = Bo~P,E-B,E?+ . . . and 
ignoring higher terms as having rerig bie importance near Eo. 








have, since it does seem at first glance to reduce 


























































The constant Bo is set by requiring that the distributi 
remain normalised, and is a function of p, and Pe 
The Ba term has no physical effect although it might: 


energy tail. This would be true at fixed T, but to i 
Sun’s luminosity at its known value, its centrai t 
would have to be increased sufficiently to counterac 
of B, on the solar power. This increase in Fraises | 
flux back to exactly the value it had for 8, = 0. | 
be ignored as having no effect. For the Bom 
reduced in a Sun of fixed luminosity, the d 
Maxwellian must decrease faster than exp é 
E, (pp) and Eo (3, 4); that is, d?//dE* must b 

Suppose then that (E) ~ Bo — BE and j 
small number so that no great violence is donë 
oe It is convenient to think of BE? as being öl 

= - BAT)? is a smallness parameter for the d 
ee show that values in the range 5x H 
are adequate to suppress the neutrino flux to 
Values of § in this range would mean that the d 
distribution function is only a few per cen 
E = 10 kT the rate of change of the dis 
energy due to the B, term is still only 
rate of change. These values of 6 entail neg 
to the equation of state but large corrections to the 
flux. 

Using the samet unperturbed mode! of the solar € 
find that the ratio of PPI completions to PPH + | 

[PPI/(PPH+1ID] ~ 10.36 exp (1178) — 0.25 
and is 10,11 for the unperturbed model. | also cal 
8B neutrino flux stands in relation to the unpert 

©) (8B,3) 

,(°B,6 =0) 

For the two values ® = 5x 10° and 107, the “5 
is reduced by factors of 3 and 10 respectivels , 
neutrinos from (e°+7Be — *Li+v) is reduced 
1.7 and 3.0 respectively in a straightforward 4 
equation (1). The N neutrino flux, which scales. 
is reduced by factors 3.5 and 12 respectively. Thu 
suggestion can substantially lower the neutrino 4 
even for sufficiently small value of 6 that its val 
almost inconsequential. The only other n 
that comes readily to mind is that the equill 
of *He at the solar centre will have been increa 
exp(10685), which is about 2.7 at 6 = 104. 

These suggestions sound implausible because 
to believe that the Maxwellian must be correct, ¢ 
perfect plasma and even at the level of exp( — 20}; bu 
a positive detection of solar neutrinos by Davi 
plausible. I have been unable to treat the diiic 
many-body physics involved, so I write in the hope or mi 
authoritative treatment from others. 

I thank many colleagues who have urged me st 
abbreviated account of a more detailed pap 
privately in 1971. This research was eee ine 
National Science Foundation. 
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Martian lee waves revisited 


SEVERAL of the Mariner 9 television frames show standing-wave 
patterns in the clouds of the Martian atmosphere near surface 
features of high relief. These lee waves have been interpreted 
as high level condensation clouds in which the brightness 
variations are due to a combination of true lateral variations 
in the local concentration of condensed material and the 
shadows cast on lower levels by such scattering material. 
Here I demonstrate that the variation in slope of the mean 
scattering layer with respect to the local horizontal produces a 
photoclinometric brightness variation strong enough to 
explain the data with the invocation of quite modest relief in 
the cloud deck. Although some lee wave clouds in the later 
frames of the mission leave no doubt that they are mainly 
pressure trough condensations, lee wave clouds in the early 
dust-storm phase of the mission are probably largely the photo- 
clinometric effect of vertical oscillations of approximately 40 m 
in the lines of flow past land protuberances. One interpretation 
of this result yields a wind velocity of 92 m s^. 

| was particularly interested in a striking frame we chose for 
the preliminary report of the Mariner 9 mission'; a frame taken 
with the wide angle camera on orbital revolution No. 18 which 
showed an approximately sinusoidal brightness variation near 
the Martian terminator, superimposed on the broader bright- 
ness variation due to the angular progression of the Sun with 
respect to the local vertical. This apparent lee-wave pattern 
was highly periodic, with wavelength of about 40 km, and a 
general trend of isophotes running roughly parallel to the 
terminator. On Earth such patterns would be readily ascribed 
to the periodic genesis of clouds above the lifting-condensation- 
level as laminar flow lines rose and fell several times in gradually 
damped, near adiabatic, harmonic compressions and expan- 
sions excited by flow over a promontory of some type. Such an 
interpretation is readily verified for lee waves observed much 
later in the mission after the planet-wide dust storm abated?. 

I interpret the earlier lee wave in a different manner, in terms 
of the sinusoidal deformation in the laminar flow line corres- 
ponding to the mean scattering level in the top of the dust 
storm itself. The reason for this has nothing to do with the 
implausibility of the condensation cloud hypothesis, but 
rests on the demonstrability that the required deformation, 
giving rise to a corresponding brightness variation through a 
change of orientation of the normal vector to the cloud layer 
with respect to the solar direction, is extremely modest and 
therefore ought to be the dominant effect. 


The development of inferred topography on the basis of the 
brightness distribution in the image of a surface exhibiting 
diffuse reflection, and a knowledge of the quantitative law of 
light scattering for the kind of surface under scrutiny, has been 
called photoclinometry by common agreement over the past 
few years. (The word ‘photoclinometry’ is due to J. F. McCauley 
from Greek roots photos and clinos.) An operational photo- 
clinometric theory adapted to light scattering properties peculiar 
to the Moon was worked out by Watson’? several years ago. 

As part of the Mariner Mars programme I have been deve- 
loping a generalised photoclinometric theory for application 
to Mars. The lee-wave deformation of the top of the dust storm 
is a test case for that theory, in part because the particular 
light scattering law is reliably known from the isophotal 
contours of Mars as seen by Mariner 9 before insertion into 
orbit’, and also because the ‘surface’ in question, as an optically 
thick cloud top, was devoid of albedo variations. Photo- 
clinometry can be unambiguously applied to the determination 
of a three-dimensional surface corresponding to a mean 
scattering level so long as the length over whfch significant 
optical thickness develops is small compared @o the lateral 
distance over which significant relief develops (this is consider- 
ably less stringent a condition than that such an optically 


thick distance should be short compared to the actual reliefs 


itself). An analytical*approximation yieldtng the most essenyjal 
information about the relief was developed sometime ago and 


Nature Vol. 249 May 10 1974 





Fig. 1 Lee waves in the top of the great Martian dust storm of 
1971, as photographed by Mariner 9. The gradual longitudinal 
dependence of scattered brightness has been approximately 
removed, using a computer programme developed by Pat 
Chavez of the USGS Flagstaff Computer Centre, leaving only 
the lee-wave effect which may then be greatly enhanced in 
contrast without partial saturation of the picture. 


shows what modest relief is actually implied. 

The planet-wide imagery showed that the planet was very 
nearly a Lambertian reflector under the dust conditions pre- 
vailing at the time. I shall use the Lambertian photometric 
function, cos /, where / is the incidence angle, in the following 
analysis. I shall also assume that the quantitative character 
of the hill and dale wrinkling in the upper dust layers of the 
Martian atmosphere is truly sinusoidal. Consider such ridge 
lines running parallel to the terminator and in a longitude 
interval narrow enough for the angle of the solar direction 
with respect to the local vertical (not surface normal) to be a 
constant io. If x is a linear distance toward the terminator, 
then the relative height of the mean scattering level under these 
assumptions is given by 

y = Asin (2nx/L) 
where A is the vertical amplitude of the lee waves and L is the 
crest-to-crest separation. If i is the angle between the solar 
direction and the normal to the surfaces of constant dust 
density in the upper atmospheric layers, then 
i = io + tan? (dy/dx) 

If the brightness of the surface is described by Bocos /, the 

following brightness variation is derived by simple trigonmetric 
Bo » 


analysis 
2 ee 
-pr rhes ie- (2) sin] 
ák | (>) | dx 
dx 


Obtaining the derivative from the sine wave ‘topography’, then 
. (= =) n A (==) 
Bocos io- = } Sin ig CoS {| —— 
L L 


Bo cos i =| 
Fi 2 2 D . 
Ba L 


The denominator can be neglected for amplitudes up to 2.3 km. 
In this range the following simple result is obtained for the 
relation between the total relative contrast and the total relief 
° AB/<B> = 2n/L (tan ip)Aymaz 

The maximum lee wave contrast is measured in Fig. 1 as 8% 
at a point where i 86°. The refined ephemeris prediction, 
which would have placed this point slightly on the dark side of 
the terminator, was adjusted so that i = 90° occurred just at 


B,cos i = 
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zero brightness level, Alt ‘sources of error considered would 
probably not change the inferred relief by more than 35%, 
subject, of course, to the validity of the interpretation. The 
relief implied. by the equation: is 40 m. 

ind phenomenon at issue does not change under 
erpretation. If meteorological parameters 
art from image measurements, however, 
- must be dealt with. One of the simplest 
meteorological i ations possible, if use is made of the 
insignificance of 4 of 40 m. in comparison to the length 
of the lee waves and the loud height, is obtained by neglecting 
the crest- to-trough variations in flow velocity in the Bernouli 
equation, which is thereby justified. On this view the moving 
atmosphere can be viewed from a comoving reference frame as 
an adiabatic oscillator whose expansions and compressions 
undergo relatively little damping per cycle. The driving force 
is the buoyancy of the normal atmosphere for vertically dis- 
placed cells, from which an oscillator frequency is determined 
and thus, through the known length of the lee waves, a wind 
velocity of 92 m st. This figure is in fair agreement with other 
lines of evidence, most notably the sizes of dust particles as 
inferred from scattering, cloud motions and fluid dynamical 
considerations, all of which suggest velocities of the order 
of tens of metres a second. Fuller details will appear elsewhere. 

ROBERT L. WILDEY 
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Longitudinal effect in the response of total 
electron content to magnetic storms 

In a previous study? of the response of the ionospheric 
total electron content (TEC) data to magnetic storms, an 
average storm time behaviour of TEC for middle latitudes 
was deduced. On average TEC is enhanced during the first 
24 h following the start of a storm, depressed for the next 
24 h and near normal through the third 24 h. Another 
study” has shown a strong diurnal component in TEC 
behaviour with the maximum enhancement occurring in 
the dusk sector (1600 to 1800 Lr). The present study of 
disturbed TEC behaviour generally agrees with that 
reported above but in addition indicates a longitudinal 
effect in the behaviour of both the storm time and diurnal 
components of disturbed TEC. 

Data on TEC for 21 sudden commencement-type storms 
during 1969 for six’ viewing stations at middle latitudes 
are used to compute the average behaviour both in storm 
time and local time. No distinction is made regarding the 
severity of the storms used. The averages are computed 
as a percentage deviation of TEC from the average TEC 
on quiet days, calculated for each month using data from 
the ten magnetically quiet days of each month for each 
viewing station. In computing the averages the data from 
each storm are weighted to compensate for nonuniform 
distribution of storm sudden commencements in UT and 
are adjusted to compensate for deviation of prestorm 
values of TEC from the quiet day average TEC (ref. 3). 
I show the results of the storm time behaviour and the 
local time behaviour for each of these six stations. 

The results of the storm time averages are presented in 
Fig. la for each of the viewing stations in the order of 
decreasing westward longitude. The usual initial enhance- 
ment in TEC is present in all the data during the first 10 
to 15 h after the beginning of a storm. The feature of 
interest is the second enhancement in TEC which occur 
between 10 and 30 h after the start of a storm. This second 


























enhancement is almost nonexistent at the caster 
station (Sagamore Hill) but it becomes more prone 
as one moves in the direction of increasing W% 
longitude (up in Fig. la). It actually becomes the large 
of the two enhancements in TEC at the Stanford viewing 
station. 
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Fig. 1 a, Storm time averages of TEC for 21 storms dur rites 196 
given in order of decreasing westward longitude for: 1 

Bay (49.8°N, 160.6°W) 2, Stanford (34.6° A tae f 
Fort Collins (37.0°N, 11].5°W); 4, Urbana (37.0° 
5, Rosman (32.6°N, 81.9°W); 6, Tae 
71.0°W). b, Local time averages of TEC | 
during 1969 given in order of decreasing westward OORTOSS 
for the same stations. 








The results of the local time average 
Fig. 1b. All the averages show en 
occurring during the afternoon and/or evenit = 
the first local time day of the storm. The ch : 
of this enhancement also exhibit a longitudinal elect. 
westernmost stations tend to have earlier starts 
longer lasting afternoon and evening sector enhance 

These two longitudinal effects are not readily 
by existing storm theories. Some longitudinal vari: 
the enhancements have been previously reporter 
were attributed to the uneven distribution of s 
mencements in UT which would in turn result 
ference in the preferred local start times for em 
The weighted averaging used in this study shou! 
this effect considerably. 
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- Strong electric fields above an 
- ordinary rain cloud 
On September 6, 1968, in the course of a balloon flight designed 
to test our theory! that magnetospheric electric fields could be 
measured at balloon altitudes, we observed electric fields much 
larger than any we have ever observed in fair weather and 
which we usually attribute to thunderstorms, during the time 
that a rainstorm occurred under the instrumentation; however, 


various observations show that no lightning was being generated | 


within any reasonable distance from our observations. 

The apparatus is described in ref. 1; it is a set of three electro- 
> meters which measure the potential difference between pairs of 
- conducting plates 2 to 3 m apart. Three orthogonal components 
of the electric field are measured. The apparatus also carries a 
© magnetometer for measuring orientation and is rotated by a 
-= motor at one revolution in 6 min. Conductivity at altitude is 
= periodically determined by momentarily shorting pairs of 
<- plates together, then allowing them to recharge through the 
E - atmosphere. 

-oo The balloon was launched at 2055 local standard time on 
i _ September 5, 1968 (0255 September 6 ur) and reached its 
<< design ceiling of 91,000 feet about 1.5 h later. Usually, drifts 
<= in the electrometers are large for 0.5 to 1 h after reaching ceiling, 
“possibly because of contamination of the atmosphere by 
=- emission of material from the balloon, but the system was 
= quite well stabilised before the beginning of the observations 
eported here. 

~The pertinent observations are shown in Fig. 1. Beginning at 
815 ur all three components of the electric field began a 
marked change, increasing in magnitude to values which 
were too large for us to measure. During the onset of this 
-event, at 0817 uT, the horizontal component of the field 
“produced by the cloud (the difference from the pre-storm 
juiet field) was 150 mV m*™ at an azimuth of 30° and the vertical 
- field was also 150 mV m` above the fair weather value. Data 
-o from times during which the conductivity was measured have 
= been deleted from Fig. 1 except at 0945 ur where the re- 
oes charging can be seen on the vertical field plot. 

~All components of the field remained off scale for about 1 h, 
xcept for occasional switching between the two extreme 
lues of the horizontal measurement range caused either by 
tation of the instrument or by field variations, and then 
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Fig. 1 Electric field variations detécted by the balloon-borne 
instruments. , 








i 10 to 201 min: We 






rmal values overa period 
: ieve that tk is phenomenon. of switching 
establishes conclusively that the measurements are real and not 
the result of a failure in the instrument. Although the electro- 
meters are mainly independent, they do have a common power 
supply, telemetry and logic system which conceivably might 
have malfunctioned. But the facts that the horizontal electro- 
meters switch from positive off-scale to negative off-scale as the 
payload rotates, that they do this one at a time and not together 
and that the vertical instrument never switches sign, establish 
the effect as real. At 0932 ur, during the return to normal, the 
ratio of excess vertical to horizontal fields was 0.85. 

The direction of the strong horizontal fields was determined 
at nine points in the storm, when one or the other of the 
horizontal axes switched between its extreme values as each of 
these axes became perpendicular to the fields (Fig. 2). Six of 
these points gave fields directed generally southwards and the 
remaining three points indicated westward fields. At the onset 
of the storm, the horizontal field pointed north, and at the end 
the field direction was variable, although from 0945 UT to 
0951 ut there was an obvious eastward field. These measure- 
ments, as well as the brief resurgence of strong fields at the 
end of the storm, suggest that more than one charged region 
was present. 

During these observations the balloon remained nearly 
fixed in position about 60 miles north-east of Minneapolis, 
at 45° 32’N, 92° 02’W. This position was within easy radar 
range of the US National Weather Service 10-cm wavelength 
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Fig. 2 Horizontal electric field direction. 
radar at the Minneapolis—-St Paul International Airport and 


the Weather Service supplied us with the results of their radar 
observations (Fig. 3). Neither lightning nor thunderstorms 


were reported within range of the radar in any direction. 

Throughout the night, nonetheless, our local v.1.f. monitor 
recorded strong spheric activity. Observers under the balloon 
reported no thunder or lightning; thus we attribute the spherics 
to an intense thunderstorm system that was over the eastern 
United States at the time, received by means of the enhanced 
v.Lf. propagation which occurs at night. 


Balloon 
position 
a Radar site 
47 Precipitation 





Fig. 3 Precipitation detected by 10-cm radar. 


There was, however, a raining cloud some 200 km in diameter, 
which moved under the balloon when the large fields were 
observed. The cloud was visible on radar and the balloon 
recovery team reported rain, as did the tracking team in 
Minneapolis. The tops of the rainstorm clouds, as reported by 


radar, were at 18,000 feet. Field-mill measurements from the 2 


ground at Minneapolis indicated there was no lightning as the 
cloud passed overhead (G. Freier, private communication). 
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Our measurements are consistent with the formation of 
several bipolar charged regions of the cloud consisting of 
positive charges located above larger negative charges. The 
charged condition lasted for about an hour before dissipating. 

Conductivity measurements near the end of the storm gave 

4no = 0.90 s“ (e.s.u.) 

at the balloon altitude of 27.6 km. This value is in the general 
range of fair weather values. Using a model of a charged cloud 
consisting of two unequal charges at different heights, imbedded 
in an atmosphere with conductivity varying exponentially with 
height2-4, we find that typical horizontal and vertical field data 
may be fitted by an upper charge of 21 C and a lower charge of 
—35 C, located 50 km from the balloon. With the measured 
conductivity, the air-earth current due to the storm is 0.12 A. 

We conclude that since we have observed strong electric 
fields above a cloud which did not generate lightning, there must 
be some process other than lightning which limits charge 
growth. This work has been supported by a grant from the 
National Aeronautics and Space Administration. 

MICHAEL WEED 
PAUL J. KELLOGG 
University of Minnesota, 
Minneapolis, Minnesota 55455 
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Possible new effects 7 solid state physics 

Ir has been suggested” that the electric properties of small 
enough metallic particles will differ in important ways from 
those of the bulk material. To test such properties Kreibig and 
Fragstein® made nearly spherical silver particles of given radius 
R, with 30 A < 2R < 500 A. This article is concerned with the 
prediction of new effects which would be observed if particles 
of similar size consisting of doped and possibly amorphous 
semiconductors could be produced. The theoretical and 
experimental background is discussed by Mott and Davis’. 

The simplest example of the effect to be discussed is perhaps 
activated hopping. for instance in an n-type compensated 
semiconductor. The disorder can localise the electron states 
and an activation energy W, provided by interaction with 
phonons, is necessary for transport. For strongly localised 
States W ~ N(E) (Rp*)', where N(E) is the density of states 
and Rp is the average separation between donors. For typical 
specimens of interest 100 A < Rp < 400 A (ref. 4, page 160) 
and it may therefore be possible to produce particles such that 
the particle radius R< Rp. In this case W ~ R° independent 
of donor concentration. This relationship should be even more 
easily satisfied in the case of weak localisation, in which case 
W~ (a')*/NCE), where the value of a’ is such that(a’)? > Rp 
(ref. 4 page 41). In this again we should obtain W-~ (N(E)R?9y)4. 
A possible experimental test for such effects is the alternating 
current conductivity (ref. 4, page 51). The hopping distance 
Rw, which makes a maximum contribution at frequency o, 
is given by R = (1/2a) In (Vpp/@) where a is of the order of the 
inverse Bohr radius and Von is a phonon frequency (ref. 4, 
= Ya œ In (Vpn/w@) can be used to 
define a critical frequency , for œ, such that for a< @.R< Ro 
but for @> a. Ræ < R. Thus, if W~ Rand œ > @e then 
o(@) ~ R®o®; whereas for œ< @., clo) ~ R" wo on the 
simple theory. This dependence on R and œ could be tested 
experimentally. 

A more dramatic effect seems possible if the current theory. 
of the metal-insulator transition in disordered systems, such as 
compensated semiconductors, is considered. If the mean square 
fluctuation of potential is denoted by U,? and J denotes the 
bandwidth, then the equation U,> 5J is believed to be approxi- 


mately correct for localisation (ref. 4, page 26). A distance ay 
can be defined such that Uo = 1/N(E) aç? (ref. 4, page 26). For 
a given energy, and ag> R this equation becomes Ue = INGE 
R?. It follows that for sufficiently small particles the value of Cs 
will be large enough for the states to become localised so that a 
metal-insulator transition will occur. The critical value of R 
will depend on the energy but will be of the order of Ry at the 
centre of the band. By the same reasoning it is possible that 
the region of localised states at the edge of the conduction band 
in amorphous semiconductors will extend over a greater region 
of energy in small particles. 

I thank N. C. Wickramasinghe for pointing out the im- 
portance of studying the properties of small particles. 
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Possible origin of Prandtl’s mixing-length 


theory 

PRANDTL’s hypothesis? about turbulent motion in a simepl 
shear layer proposes that the typical values of the fluctuating 
velocity components in the x and y directions, « and », are 
each proportional to /8U/éy where / is the mung le gin 
(Mischungsweg). Prandtl? says that / “may be considered as 
the diameter of the masses of fluid moving as a whole in each 
individual case; or again, as the distance traversed by a mass 
of this type before it becomes blended in with RR ing 
masses... .”; and also that / is “somewhat similar, as regards 
effect, to the mean free path in the kinetic theory of gases”, 
It follows that the Reynolds shear stress ~ py, is proportional! 
to 

















pP(oU/sy)? 
and / is defined so that the constant of proportionality is unity 
Prandtl, however, described this expression as “only a rough 
approximation”. 

Later work (ref. 4, and see ref. 5 for a summary) has shown 
that the formula for the mixing-length can be derived, t 
dimensional analysis, by assuming ‘local equilibrium’ bets 
the turbulence and the mean flow. The only known esam 
of a region of local equilibrium is the wall layer with i- 
experimentally K ~ 0.41. In a self-preserving (self-sim ar) 
flow with a single length scale 6, dimensional analysis 4 
IS = f(y/5). These results of dimensional analysis are 
very restricted cases (which were, however, used histo 
test the mixing-length theory) and they have no relation i to 
Prandtl’s original derivation. In more general cases the quantity 
i defined by Prandtl has no simple connection with any 
meaningful scale of the mean flow or the turbulence. 

Almost any method of flow visualisation contradicts 
Prandtl’s idea of momentum exchange via lumps of fluid 
(‘Fliissigkeitsballen’). Turbulence is an assembly of tangled 
vortex lines and sheets, dominated by the essentially three- 
dimensional phenomenon of vortex stretching. If a lump of 
fluid happens to move away from its former surroundings as 
an entity, it énteracts strongly with those surroundings by 
the interconnecting vortex lines. 

It seems that Prandtl could reconcile his idea with the 













results of flow visualisation because the predominant method 
Sof flow visualisation used in the early vears®® of Prandtl’s 





Institute at Göttingen, quring the development of the mixing 


length theory, was the Ahiborn fnethod—-the observation of 































Gottingen show that this method of visualisation is very effective 
in showing up vorticity normal to the free surface. Indeed, 
_ because the free surface acts as a plane of symmetry the vorticity 
vector is. constrained to meet the free surface at right angles. The 
constraint clearly influences a given eddy to a depth below the 
surface of the order of the eddy size. It therefore affects all sizes 
of eddy and not merely the smallest, which contribute most to 
the vorticity. The three-dimensional character of the turbulence 
is destroyed near the free surface, leaving only two-dimensional 
circulations like those seen in, for example, Fig. 36 of ref. 7 
(which are similar to the two-dimensional circulations of syn- 
optic scale in the atmosphere, seen in satellite photographs of 
cloud patterns). The photographs of turbulent channel flow 
reproduced as Figs 39 and 40 of ref. 7 also show exaggerated 
two-dimensional circulations, quite unlike our modern concept 
of turbulent motion but amply justifying the name Fiiissigkeits- 
ballen: it must surely have been photographs like these that 
provided the inspiration for Prandtl’s mixing-length theory of 
© 1925. In 1934 Prandtl and Tietjens (ref. 7, art. 155) commented 
... that “In the case of a three-dimensional fluid motion, it is 
necessary to study the flow not only on the surface but also in 
` the interior of the fuid”. It is, however clear from their inclusion 
_ of free-surface visualisations of turbulence that they did not 
== fully appreciate the untypical nature of the motion in the plane 
of symmetry formed by the free surface. 

It seems very likely that the mixing length concept is a good 
~ model for two-dimensional eddying motions like synoptic-scale 
< atmospheric circulations: it should also be applicable to 
highly stable stratified flows in which vertical motion is 
suppressed. 

— These remarks are offered not as a criticism of Prandtl! but 
“father to exonerate him from the criticism that the mixing 
ength concept ignores the facts: it is an excellent description 
of the flow patterns seen on a free surface. Unfortunately, 
-= however, these patterns are not represeritative of turbulence in 
<- the interior of a fluid. 

- I thank Professors G. K. Batchelor and R. E. Luxton for 
<> their suggestions and discussions. 
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Field evidence relating to the origin of 
«> 3,000 Myr gneisses in southern 
-West Greenland 


=o SOME prominence has been given recently to the results and 
implications of isotope age studiesit in the early Pre- 
cambrian rocks of the Godthåb region, sowthern West 
_ Greenland. The studies were initiated after field investiga- 
< tions’ suggested that the Godthdbsfjord yegion may contain 
- outcrops of the oldest rocks in the earth’s crust. McGregor® 
= has grouped these rocks into an older and a younger set of 
gneisses (respectively the Amitsog and Nûk gneisses) 
separated in time by dyké& (the Ameralik dykes), meti- 
+ 
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volcanic and metasedimentary. rocks (the Malene supra- 
-crustals) and stratiform meta-anorthosites. Among 
conclusions drawn from the isotope work is that based on 
initial ratios of “Sr/*Sr that the parents of the NOk gneisses 
in the Godthabsfjord area cannot have been derived by 
partial or comp'ete melting of the older Amitsog gneisses’. 
We wish to comment on the applicability of this conclusion 
to the Nak gneisses mapped in the area immediately to the 
south. 

A team from the University of Exeter, supported by the 
Geological Survey of Greenland and the Natural Environ- 
ment Research Council, began work in 1972 on the Buksef- 
jorden map sheet (63 V 1, Danish Geodetic Institute), which 
overlaps the south of the Godthabsfjord region, (ref. 5, Fig. 
17) and the summer of 1973 has seen the completion of 
1:20,000 mapping of a coastal area about 15 km wide 
extending more than 60 km south from Ameralik to 
Sermilik® ’ (Fig. 1). Lithological units recognised by 
McGregor’ in the Godthabsfjord region extend south of 
Buksefjorden and we agree broadly, but not in detail, with 
the interpretation of the sequence of events in the evolution 
of the Archaean rocks of West Greenland listed in the 
most recent publication concerning isotopic ages‘. It is per- 
tinent to point out that we cannot accept McGregor’s 
terminology? in its entirety. 

Discordant, but intensely deformed, amphibolitic 
Ameralik dykes occur in leucocratic Amitsoq gneisses at 
granulite and high amphibolite facies on the northeast of 
Amitsuarssugssuaq and at the entrance to Alangordlia (Fig. 
D. The Amitsoq gneisses and Malene amphibolites in 
Amitsuarssugssuaq are both injected and variably mig- 
matised by granitic (s.l) masses and gneisses which in the 
sense of McGregor are Nik gneisses. The effect of this 
injection and migmatisation on the Ameralik dykes is to 
bring about a progressive loss of coherence until the dykes 
become strongly attenuated wisps which locally have 
recrystallised to coarse hornblendites. The wisps ultimately 
become assimilated by the younger gneisses. The Amitsoq 


Buksefjorden region of Greenland. 
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gneiss host to the dykes is also similarly reduced to 
xenolithic wisps and schlieren which merge completely into 
the younger gneiss. Similar effects are visible in coast out- 
crops around. Ikerasagssuaq | (Fig. 1). North of this inlet 
and around Amitsuarssugssuaq, the Amitsog gneisses, which 
for the most part are heavily migmatised with only rare 
Ameralik dykes, form linear strips within the Nûk gneisses, 

a relationship. which suggests they have peeled off larger 
areas and are in an interrupted stage of incorporation into 
newer gneiss. ted Nûk gneiss also occurs throughout 
the Buksefjorder region mapped so far. Original igneous 
textures survive only rarely: a Poroke granodiorite, for 
example, injected along a boundary between Amitsoq gneiss 
and Malene amphibolite in east Amitsuarssugssuaq, retains 
igneous textures in the north but becomes gneissose with 
acid ptygma in the south. Much of the Nak gneiss else- 
where in the Buksefjorden region contains enclaves of 
Amitsog gneiss (some clearly xenolithic) in various states 
of preservation. Modifications of the younger gneiss and 
its inclusions to new, banded gneisses have taken place in 
association with straight. belt formation, for example in 
Amitsuarssugssuaq. This we regard as synchronous with the 
granulite facies metamorphism which has given a “Pb /*Pb 
isochron of 2,850+100 Myr. (ref. 4). 

The field evidence in the Buksefjorden region shows 
irrefutably that Nûk gneisses have been derived not only 
from injected material, but also by substantial remobilisa- 
tion and incorporation of Amitsoq gneiss, Our evidence is 
thus at variance with the conclusions drawn from isotope 
studies in the Godthabsfjord region by Pankhurst er al.’, 
that the Nak gneisses “cannot have been derived by partial 
or complete melting of older rocks similar to the Amitsoq 
gneisses.” It has also been pointed out, that Sr and Pb 
isotope evidence suggests the ~ 2,800 Myr. granulite 
terrane in West Greenland does not represent a significant 
reworking of older crust (>100°200Myr.) such as the 
~ 3,700 Myr. old gneisses of the Godthab area, and they 
conclude that a significant addition of crustal material from 
an upper mantle source must have taken place in West 
Greenland between ~ 3,000-2,800 Myr. ago. The fact that 
Amitsog gneisses are common in the granulite facies 
terrane seen so far in Alangordlia and Sermilik (Fig. 1) does 
not in our view support this conclusion and we suggest, on 
the basis of field evidence for the late Archaean tectono- 
metamorphic evolution of the Buksefjorden region to be 
published elsewhere, that events associated with the 
granulite facies metamorphism and later intrusion of the 
Qorqit granite suite’ and related rocks may mark a stage 
as significant as the Nûk invasion postulated by McGregor 
m the addition of miantle-derived material to the 
Precambrian crust in West Greenland. 

~- B. CHADWICK 
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We report here a remarkable degree of hardening produced 
in standard tool-making grades of sintered tungsten gi 
in a cobalt matrix by irradiation with charged particies 
Flat, rectangular blocks of three different grades Cw 
H, N and CXT) were bombarded with up to 5 «A em of 
32-MeV “He ions in the Birmingham Ua vait £50cm 
cyclotron. Each block was partially screened by thick alu 
minium plate which could be moved to expose inc 
areas at intervals of 15 min. Each sample was th 
into 10 separate areas which had been bombarded 
of 0 to 135 min. The maximum dose given w 
1.610" *He ions cm or 3x10" rad. The ions 
to a depth of about 140 um. The temperature of th: 
did not rise above 400° C during bombardment. | 
The hardness of each area after bombard 
measured using a Vickers Hardness testing machine, \ 
pyramidal diamond indentor, a load of 20 kg, and a 17: 


Hardening of tungsten carbide by irradia 
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Fig. 1 Variation of Vickers hardness of three grades af 
Wickman Wimet! tungsten carbide with bombardi l 
32-MeV He ions. The bracketed figures at the base of e 
line show the hardness of the unirradiated part of t 
sample. +, grade H; ™, grade N; @, grade CXT OWick- 
man Wimet grade). 





objective lens for measurement of the indentation. 

The results are shown in Fig. 1. In the range within which 
measurements were made the hardness is a logarithmic 
function of dose, and about 30° increase in hardness was 
given to the hardest material by a dose of the order of 
107 ions cm~. At this density some 50 or so ions wili} 
through each atom of tungsten or of cobalt in the : 
of the block and extensive damage to the crystal matx of 
either material can be expected. 

Further details and a more extensive series of measure 
ments, together with measurements of other properties of the 
irradiated material will be published elsewhere. 

We thank Dr E. M. Trent for suggesting the measurement 
of hardness as an indication of the changes produced by 
bombardment and for permission to use the necessary equip- 
ment; and Wickman Wimet Ltd for providing the samopies. 
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Activation of maternal mRNA in the 
absence of poly(A) formation in 
fertilised sea urchin eggs 


THE protein synthesis which follows fertilisation of sea urchin 

eggs depends largely on genetic templates synthesised much 

earlier during oogenesis'. In the first 2 h after fertilisation 

the amount of protein being made increases steadily as the 

preformed mRNA molecules gradually become available for 

translation?:*. During this period of mRNA activation, the 
-s.polyadenylic acid content of the embryo increases to more 
than twice the level present in unfertilised eggs**, This 
fertilisation-stimulated polyadenylation occurs in the cyto- 
lasm on RNA stored in the egg® and is essentially complete 
y the time of the second cleavage. Soon after. fertilisation 
the poly (A)-containing RNA moves from the post-ribosomal 
supernatant to the ribosomal-polysomal fraction of em- 
‘bryos®®, which suggests that polyadenylation is important 
in the activation of stored mRNA molecules. This is con- 
‘sistent with other reports that these tracts may play a 
role in the translation of viral RNAs?® and eukaryotic 
mRNAs®?°, We have therefore investigated whether the 
ormation of poly(A) after fertilisation is necessary for 
the activation of maternal mRNA. We measured the in- 
crease in protein synthesis and active mRNA while poly(A) 
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Fic. 1 Inhibition of polyadenylation by 3’-deoxyadenosine. 
Eggs were collected and washed by conventional procedures 
and maintained for 1 h on a rotary shaker at 21° C (ref, 2) 
in artificial seawater (ASW) containing 3’-deoxyadenosine 
(Cordycepin, Sigma) at the concentration indicated. The 
eggs were then inseminated with a 1:5,000 final dilution of 
sperm (95% fertilisation or greater was acceptable) and the 
embryos were allowed to develop for 2 h, at which time 
they were in the four-cell stage. Unfertilised eggs and 
embryos were washed once in cold acid seawater’, once 
in a QIM Tris-HCI buffer, pH 9.0, containing 15% 
sucrose, and homogenised in 10 volumes of 0.1M Tris-HCl, 
pH 90, made 0.5% with sodium dodecyl sulphate!8, RNA 
was extracted from the homogenates with phenol and 
chloroform in a method essentially the same as that used 
by Slater et al The ethanol-precipitated RNA, redissolved 
in hybridisation buffer, was washed twice with ether before 
being measured by Avo am. The poly(A) -content of the RNA 
was assayed according to the %H-poly(U) Rybridisation 
technique developed by Gillespie et ali! end applied 
successfully to sea urchin RNA by Slater, et al. Excellent 
results were obtained using 10 xg sea urchin RNA per aliquot 
hybridised with 0.8 ug of commercially prepared 2H-poly(U) 
(Schwarz/Mann), specific activity 23.6 Ci mol-?. The upper 
and lower arrows*indicate_ the poly(A) content of norma] 
2 h embryos and unfertilised eggs respectively. 
e 








ng poly(U) hybridised poly(A). 


RNA per ug RNA (p total RNA) 
Unfertilised eggs 0.357 + 0.041 (8) 0.033 
Four-cell embryos 0.739 + 0.283 (7) 0.069 
Four-cell embryos in. are 

3’-deoxyadenosine 0.364 + 0.054 (3) 0.034 
Four-cell embryos in 
adenosine 0.725 (1) 0.068 





The concentration of nucleosides was 1 mg ml~ artificial sea- 
water. Cells were treated and poly(A) content assayed as in Fig. 1. 
The numbers in parentheses indicate the number of experiments 
performed. 


synthesis was repressed and found a substantial activation 
even when poly(A) formation could not occur. 

We assayed the poly(A) in Arbacia punctwata using the 
3H-polyuridylic acid hybridisation technique of Gillespie 
et al and observed as reported for other species a doubling 
of poly(A) between fertilisation and 2 h, when the embryos 
are in the four-cell stage*+®. Further increase was not ob- 
served for several hours. Poly(A) formation was inhibited 
by 3’-deoxyadenosine (Cordycepin), which blocks poly- 
adenylation*}°12, by terminating chain elongation. Sea 
urchin eggs were maintained in artificial seawater containing 
various concentrations of the adenosine analogue for 1 h, 
inseminated, allowed to develop in the continuous presence 
of the drug for 2 h, and assayed for poly(A) content. In- 
creasing concentrations of the drug were found to inhibit 
the poly(A) formation progressively (Fig. 1), but extensive 
inhibition required relatively high concentrations. In sea- 
water containing 200 yg 3’-deoxyadenosine ml, 67% of 
the postfertilisation polyadenylation was suppressed; 750 
ug ml prevented 96% of the increase in poly(A). Similar 
large doses of adenosine did not affect poly(A) titres (Table 
1). Embryos allowed to continue growth in any concentra- 
tion of 3’-deoxyadenosine up to 1 mg ml-', although delayed 
30-60 min by late cleavage stages, did not arrest until 
blastula stage. Developmental arrest at this stage is ex- 
pected since mRNAs transcribed during cleavage seem to 
be required for gastrulation and morphogenesis! and 3- 
deoxyadenosine disrupts mRNA formation??. It is surprising 
that such massive doses of the drug did not produce more 
general toxic effects. 

Embryos in which the post-fertilisation addition of 
poly(A) to the maternal mRNA had been suppressed were 
tested for their ability to synthesise proteins. After 2 h 
of development in the inhibitor, they were incubated for 


Tarte 2 Protein synthesis in poly(A)-inhibited embryos and 
controls 


Incorporation into 


Total incorporation nascent protein 


Cells (%) (%) 
Unfertilised eggs 6.8 + 0.03 17 
Four-cell embryos 31.1 2.9 8.6 
Embryos in 3’-deoxy- 

adenosine, 200 wg ml~! 31.94 1.3 9i 
Embryos in 3’-deoxy- 
adenosine, 750 ug mim! 25.9 + 2.8 7.4 


Cultures of 3 X 105 embryos were treated with 3’-deoxyadenosine 
at the concentrations indicated as described for Fig. 1. Two hours 
after fertilisation, embryos were incubated for 5 min with 5 pCi 
3H-leucine (30 Ci mmol-'). Total soluble radioactivity and radio- 
activity incorporated into protein was determined by methods 
described previously?. The standard deviation indicated is from 
three experiments in each case. Incorporation into nascent pro- 
teins was determined by preparing polysomes?* from embryos 
given *H-leucine as just mentioned and dividing the total radio- 
activity in the polysome portion ef the gradient by the total 
soluble radioactivity in the sample layered onto the sucrose 
gradient. 














Axiomat 


A completely new concept in light microscopy. 
Far surpassing anything even Carl Zeiss have 
done before. 
The optics have been completely re-thought, 
to give more field of view,more zoom, more everything. 
The modular design, in four rearrangeable 
units,gives more stability and more versatility than 
any previous microscope. 


All existing techniques of light microscopy are 
available and the unique design makes many new 
ideas possible for the first time. 

Come and see it, now being demonstrated at 
Degenhardt House. 

Full details from Carl Zeiss (Oberkochen) Ltd 
Degenhardt House,31/36 Foley Street, London 
W1P 8AP Telephone: 01-636 8050 (15 lines). 
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Horse, Human, Mouse, Porcine, Rabbit, Rat 
(Lyophilized & Liquid) 
ANTI-STEROIDAL ANTIBODIES: Estriol-6, Estradiol-6, Progesterone-11, 
Testosterone-7, Androstenedione-/7, 
Estradiol-17 


ANTI BOVINE: IgG, IgA & IgM Quantitative Kits 


Our continuing program of bringing you new 
as well as routine use products is illustrated in 
our Catalog. Listed are over 150 different 
antisera, immunodiffusion plates, 
immunochemical kits and immunoadsorbents. 
For acomplete catalog or if there is an 
immunochemical application or problem that 
requires specific assistance, call or write the 
office nearest you. 
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Fic. 2 Comparison of polysomes from normal embryos 
and embryos grown in 3’-deoxyadenosine at 200 ug ml (a) 
and 750 we mi (b). A culture of 3 x 10 embryos was 
treated with the adenosine analogue as desembed in Fig. 1. 
At 2h of development, the treated embryos and an equal 
number of control embryos were incubated for 5 min with 
5 aCi *H-leucine (30 Ci mmol-t). Polysomes were prepared 
from each culture with a high salt buffer as previously 
deseribed2? and centrifuged on 80 ml, 10-35% sucrose 
gradients for 3 h at 22,000 rpm. m_a Beckman SW25 
rotor (5° ©). @, Control embryos; ©, treated embryos. 


5 min with *H-leucine and the rate of protein synthesis 
was estimated as the percentage of the soluble radioactive 
pool which had been incorporated into trichloroacetic acid- 
precipitable protein. This estimate depends on the assump- 
tion that the inhibitor does not alter the size of the pool. 
As Table 2 shows, incorporation at 2 h of development was 
completely insensitive to 200 pg ml> 3%deoxyadenosine, 
which inhibits two-thirds of the normal poly(A) increase 
(Fig. 1). Increasing the level of drug to 750 pg mi-*, to 
produce complete inhibition of the postfertilisation poly- 
adenylation, had only a small effect on incorporation. It 
seems that protein synthesis can increase after fertilisation 
even without poly(A) formation. 

The activation of protein synthesis when fertilisation takes 
place involves the translation of additional mRNA, which 
associates with ribosomes to increase the number of poly- 
somes*?, The ability of mRNA to enter the polysomes in 
sea urchins lacking the fertilisation-stimulated poly(A) 
sequences was investigated by preparing polysomes from 
the 3’-deoxyadenosine-treated embryos. Polysomes were 
measured as the percentage of the total soluble radioactive 
leucine incorporated into nascent proteins during a 5 min 
incubation with ®H-leucine?. There is no diminution in size 
or number of polysomes from embryos in the adenosine 
analogue at a concentration of 200 ag ml’, as compared 
with polysomes from untreated embryos (Fig. 2a). When the 
dosage was increased to 750 ug ml to eliminate all poly(A) 
formation, polysome size was not affected, although a slight 





versity, Columbus, Ohio 43210. 




























decrease in number of polysomes was apparent in. em! 
grown in this high level of ithibitor (Fig. 2b). The quar 
tive results of these measurements of nascent prot 
the polysomes (Table 2) confirm the relative ins 
of the activation of maternal mRNA to suppres 
polyadenylation. 

Polysomes from 2 h embryos apparently normally cone- 
tain mRNA which has been polyadenylated as a resu 
fertilisation®®. Our study suggests however that 3 
no direct correlation between the addition of these. 
and the ability of the mRNA to form polysomes. ` 
ing that the postfertilsation synthesis of poly(A) 
fluous to the normal activation of maternal mRNA 
with the fact that it occurs m the cytoplasm**, rz 
the question of a role for poly(A) on mRNA. Fo 
accumulating®*14 that the result of polvadenyi 
primarily be the conferral of a higher degree ol 
to mRNA during its intracellular transport and tr 
The findings presented here are not incompatible 
idea that maternal RNA templates which have b 
adenylated are more stable than those without y 

This study was performed in the Fertilization: 
Physiology Training Program at the Marne 
Laboratory, Woods Hole, supported by s grant 
National Institutes of Health. 
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Triiodothyronine influences nucle 
extra-nuclear DNA in cultured hume 
kidney cells 





Tue T-1 cell line, derived from normal human kidney 

epithelial cells and,established over 15 yr ago by van der 

Veen et ali, has been found sensitive to and specific for 

two thyroidal hormones, thyroxine (T,) and triiodothyror 

(T,), as manifested by parameters reflecting mor 

proliferation, colony formation,” and metabolism of 
® 
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Cytoplasm Nucleus Total 
Fig. 1 Results of representative studies of $H-actinomycin 
D uptake by triiodothyronine (Ts) stimulated and control 
T-1 human kidney cells. Approximately. 2 x 105 single cells 
were introduced into 100 mm Petri dishes (in duplicate) 


containing two microscope slides per dish. Cells stimulated 
for about 2 d with Ts (8.90 x 10-7 M) as well as controls 


were labelled for 20 min with 3H-actinomycin D (specific 
activity, 6.5 Ci mmol) diluted to 0.5 aCi ml, before 
rinsing with Hanks’ balanced salt solution (BSS) and fixing 
with 50% ethanol-Hanks’ BSS followed by absolute ethanol. 
Metaphase spreads of similarly treated and labelled cells 
were prepared by incubation with colchicine (25 ag ml) 
for 16 h; hypotonic saline treatment and acetic alcohol 
(1:3) fixation completed the procedure. For autoradiography, 
cellular preparations and chromosome spreads were covered 
with Kodak NTB-2 emulsion, exposed for 14 and 11 d, 
respectively, followed by photographic processing and stain- 
ing. Plotted are mean grain counts corrected for background, 
obtained by scoring 400 cells and 200 chromosome spreads: 
for each determination, the standard error of the mean was 
less than 5% of the indicated mean. [], control: O, Ts 
stimulated. 


proteins, and nucleic acids?-§. The cultured kidney cells 
therefore constitute a useful model for studying the periph- 
eral actions elicited by these thyroidal hormones. Previous 
investigations strongly implicate the nucleus of the T-1 cell 
as being significantly involved in the response to T, and T,: 
thus, thyroidal hormones affect nucleolar number, nucleolar 
RNA, and nuclear uptake of tagged T, (ref. 7). Here we 
report that T, acts on DNA throughout the T-1 cell in 
promoting the localisation of 3H-actinomycin D, a labelled 
antibiotic that binds specifically to DNA®?, 

For these determinations, autoradiographs were prepared 
of T-1 cells to evaluate *H-actinomycin D uptake by cyto- 
plasm, nucleus, and chromosomes. Routinely, these cultured 
cells are grown as monolayers in Eagle’s MEM supplemented 
with 10% foetal bovine serum, penicillin and streptomycin 
in 95% air-5% CO, incubators maintained at 37° C. For 
autoradiography, single cells in the exponential phase of 
growth, obtained by release and dispersal with trypsin, were 
overgrown onto microscope slides and, except for controls, 
stimulated for 2-3 d with T, (8.9 x 107 M)e before tritium 
labelling; to similarly demonstrate the *H-ectinomycin D 
associating with chromosomes, metaphase spreads of the 
labelled T-1 cells were made after incubation with colchicine 
for 5-16 h. After rinsing, fixing, and covering the slideg 
with photographio emulsion, the exposed and processed auto- 
radiographs were scored By counting developed grains. “For 
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making background corrections, autoradiographs of un- 
labelled preparations were scored. In this manner, cellular 
‘H uptake was determined (five independent experiments) ; 
also assessed was the number of grains associated with 
chromosomes (three separate experiments). Data derived 
from representative studies are plotted in Fig. 1. 

Evidently, T, stimulation of the T-1 cells results in a 
marked augmentation in binding of tagged actinomycin D, 
especially to chromatin, as judged by the enhanced nuclear 
radioactivity of interphase cells and by the label found 
incorporated in the chromosomes at metaphase arrest. Also 
noteworthy is the rise in the extra-nuclear localisation of the 


plasmic organelle containing DNA and concerned with 
respiration and energy transfer. 

We wish to thank Ann Yang Kong and Janet A, Weil 
for technical assistance. This investigation was supported 
by a research grant from the John A. Harford Foundation, 
Inc., New York. 
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Cytochalasin selectively inhibits synthesis 
of a secretory protein, cellulase, in Achlya 


In an effort to elucidate the possible relationship between 
cytoplasmic streaming and secretion we used the male strain 


E87 of the water mould Achlya ambisexualis!. Cellulase we 
secreted by Achlya presumably modifies the plasticity of the ~ 


cellulosic walls of this fungus during morphogenesis?. Synthesis 
of this enzyme can be induced by the steroid hormone 
antheridiol, by amino acids?, or by shake induction (me- 


chanical agitation) as reported here. In attempts to arrest 


streaming we used colchicine and vinblastine, which have 
been employed to disrupt microtubule function, and cyto- 
chalasins, whose reversible effects include inhibition of stream- 
ing’, of macromolecular secretion’, of uptake of small mole- 
cules such as glucose®, and destruction of microfilaments®. 
Achlya mycelia were grown for 5 d in defined medium’? 
aerated by bubbling. After filtration, 1 g of mycelium was 
incubated in replicates in 10 ml of fresh growth medium 
lacking glucose. Glucose-free growth medium was used dur- 
ing shake induction, which is not dependent on exogeneous 
glucose, to avoid the possibility that cytochalasin effects might 
be due to inhibition of glucose uptake. After 2 h incubation 
at room temperature on a reciprocating shaker at 120 cycles 
min, 1 ml samples of medium and of aqueous mycelial 
extract were assayed viscometrically for cellulase using car- 
boxymethyl cellulose as substrate®. The aliquot of mycelial 


ns Tape 1 Recovery of cellulase synthesis and secretion in Achlya 
after tochni A (CA) treatment 
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Cellulase activity units 


Treatments CA in medium* Mediumt Myceliumt 


1 h static preincubation _ 2.4 24.8 
2.6 21.8 

1 h static preincubation + 0.0 16.0 
0.0 16.1 

1 h static preincubation, —, = 26.4 39.0 
followed by 24.4 39,4 

2 h shake induction in +, + 0.9 14.2 
fresh medium 2.9 14.9 
+, — 12.2 20.5 

11.6 26.6 


y I Ped growth Ea, with 2% dimethylsulphoxide, 
without (—) or with (+) CA at 30 pg mo 

+ Values represent duplicate treatments. 

ł Mycelial cellulase levels at the start of preincubation were 
14.8 and 15.1 units. 


extract used for the assay represented 0.5 g fresh weight of 
mycelium. One unit of cellulase was defined as that amount 
which gave 1% reduction in the flow time of the enzyme- 
substrate mixture during a 1 h incubation at 37° C. Cyto- 
chalasins (Aldrich Chemical Co., Milwaukee, Wisconsin) 
were dissolved in dimethyl sulphoxide to give 1% (w/v) 
stock solutions. 

In experiments with Achlya, a wide range of colchicine 
(1 x 10-* M to 2.5 x 10 M) or vinblastine (5 x 105 M 
to 3.3 x 10-* M) concentrations failed to inhibit streaming 
or cellulase secretion. Cytochalasin A (CA) inhibited both 
cellulase secretion and synthesis (Fig. 1). 
cytoplasmic streaming was rapidly and completely arrested. 
Cytochalasin B (CB) at this concentration failed to inhibit 
streaming, and its effect on cellulase synthesis ranged from 
mild inhibition to stimulation. These differential responses 
to cytochalasins are consistent with those of Betina et ab, 
who reported that CA, but not CB, is fungistatic and 
morphogenically active on fungi. 

The effects of CA are reversible, Streaming recovers within 
30 min of transfer to inhibitor-free medium. Mycelium pre- 
incubated for 1 h in CA, then transferred to fresh medium 
for 2 h of shake induction, is capable of cellulase synthesis 
and secretion (Table 1). The CA-free controls demonstrate 
shake induction of cellulase. Mycelium maintained in CA 
shows little secretion of cellulase, and no increase in tissue 
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Fre. 1 Effect of cytochalasin A concentration on cellulase 
secretion and on he cellulase. @-+-@, Medium 
cellulase; @ @, mycelial cellulase. 
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Tape 2 Effect of cytochalasin A snd ordada 
incorporation into mycelial protein, and on 
of medium 
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Total mediam 
activity epin. 


Experiment Treatment* min! after 4 h 
I Control 2208 
2248 
Cytochalasin 2785 
A(20 pg mim) 2644. 
Cycloheximide 2077 | 
(1 wg mim) 2214 
II Control 312 
328 
Cytochalasin 376 
A(20 pg /mi~!) 398 
Cycloheximide 298 
(1 ag mim!) 306 


NN 


* All treatments were in duplicate, and contained 1. j 
weight of mycelium in 10 ml glucose-free gro hp 
taining 2% dimethylsulphoxide and 0.4 mM leucine. 
activities of the pi-leucine-1-C used in exper 
were 8.5 X 104 «p.m. wmol!, and 7.9 x HP ep 
spectively. The 4 h incubation included 1 h atat 
3 h of shaking. Radioactivity was determined 
solubilising liquid scintillation fluid’, Medium wa 
incubation to determine total radioactivity. Mycelis 
twice with 30 ml of unlabelled leucine medium, and g 
sand in 0.5 N NaOH containing 10 mM leucine. The 
were acidified with 2 drops concentrated HCl, si 
at O°C, and centrifuged for 15 min at 5,000g. I 
twice with 2 ml 10% trichloroacetic acid contat 
and resuspended in 0.5 N NaOH to a final y 
Aliquants were used for liquid scintillation ¢ 
protein determination'’. In Achlya, evcloheximice 
inhibitor of protein, including cellulase, svnthes 29 


enzyme, when compared with the level at the a 
preincubation. 
The possibility that CA acts as a general paion 
inhibitor was excluded by the results in Table 2, 
agreement with other reports? 10 show no eytot 
hibition of labelled leucine uptake from the me 
incorporation into protein. Failure of CA to min 
protein synthesis in Achlya imdicates that the s 
hibition of cellulase synthesis may be a secondary ef 
sulting from inhibition of secretion. 
Previous work using cytochalasins has shown | a 
between streaming and plant cell growth® , 
indicate the existence of coupling, not or 
ing and secretion, but between secretion a 
secretory protein, and raise the possibility tha 
of certain proteins may be regulated at the lev 4 
This work was supported by the National Re 
of Canada. 
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Neurotransmitter synthesis in inner ear 
and lateral line sense organs 


Ham cells of inner ear sense organs and of lateral line 
organs in fish are mnervated by afferent nerve fibres, to 
which they transmit information about mechanical stimuli. 
Efferent inhibitory nerve fibres, which originate in the cen- 
tral nervous system, also innervate most hair cells at their 
base (Fig. 16). Recent evidence indicates that both these 
synapses are chemical; excitatory postsynaptic potentials 
{e.p.s.p.s) have been recorded in afferent nerve terminals 
in response to mechanical stimulation’? and inhibitory post- 
synaptic potentials (i.p.s.p.s) have been recorded im hair 
cells on stimulation of the efferent fibres®. Furthermore, 
several findings suggest that acetylcholine is the efferent 
transmitter: ip.s.p.¢ m hair cells, as well as the ensuing 
inhibition of afferent discharge, can be blocked by curare*; 
both acetylcholine esterase and choline acetyltransferase 
have been found in the efferent fibres®°. The nature of 
the afferent transmitter however has not been elucidated, 
although catecholamines?® and glutamate™ have been im- 
plicated. 

We have investigated possible neurotransmitters in the 
inner ear and lateral line, especially at the afferent synapse. 
Three preparations were used: (1) the basilar papilla, an 
auditory organ m the bullfrog (Rana catesbeiana) which 
has only afferent innervation! (Fig. la); (2) the lateral 
line canal organ of a teleost fish (toadfish, Opsanus tau) from 
which both the afferent and efferent innervations!43* have 
ampullaris of the semicircular canal in the skate (Raja 
ocellata), which has both afferent and efferent innervations 
and can be used for pharmacological studies. 

We used a method based on the finding that cells which 
use a particular transmitter can synthesise and accumulate 
this transmitter in high concentrations!®, Tissues were in- 
cubated in a medium containing radioactive precursors of 
noradrenaline, dopamine, y-aminobutyric acid (GABA), 
acetyleholine (ACh) and serotonin. Tissue extracts were then 
fractionated by high-voltage electrophoresis and the radio- 
active products were identified??? The activities of the 
enzymes involved in the synthesis of particular transmitters 
were also measured. Preliminary pharmacological experi- 
ments were also performed. 

Three to eight organs from one of the three types described 
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Fic. 1 Schematic diagram of hair cells and their mnerva- 
tion in (a) the frog basilar papilla, and (bY the lateral line 
‘anal organ and the semicircular canal ampulla. 


above were dissected out and incubated at 20° C for 6-18 h 
in 30 pl of medium (Leibovitz medium for frog (260 
mOsmol) and toadfish (320 mOsmol), skate Ringer for 
skate} containing 100 „Ci ml> of one or a combination 
of electrophoretically purified L-"H-glutamiec acid (generally 
labelled, 2.5 Ci mmol), methyl-*H-choline chloride (6.7 
Ci mmol?) and 1-3,5-"H-tyrosine (2.6 Ci mmol-?)?778, [n 
two experiments, toadfish lateral line canal organs were m- 
cubated with L-methylene-1#C-tryptophan (54.5 Ci mol). 


2 ml Ringer and then homogenised with a ground glass 
homogeniser in 20 al 0.47 M formie acid~1.4 M acetic acid 
containing unlabelled precursors and transmitters. A 10 al 
sample of the homogenate and 10 pl of the labelled medium 
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Biosynthesis of possible neurotransmitters in inner ear and lateral line sense organs 


aaa E E E a A AEA OONO EOE ENE RE R E RR Ammen ad 


Incubations 3H-Noradrenaline §H-Dopamine 3H-GABA 4H-Acetylcholine 
Frog basilar papillae 30 + 26 32 + 18 562 + 85* 49 + 15 
Frog medium 32 + 20 35 + 20 74 + 39 55 Æ 20 
Toadfish lateral line organs 30 + 18 15 + 9 2,350 + 340* 556 + 84* 
Toadfish medium 28 + 15 16 + 10 122 + 56 53 Æ 27 
Skate semicircular canal ampullae 33 + 32 26 + 16 1,252 + 315* 145 + 45* 
Skate medium 30 + 48 26 + 16 65 + 35 26 + 16 

"i . > R r * e G 

Medium without incubation 29 + 6 W+8 i 56 + 25 28 + 15 





A 4 » à E Ua ` 4 P a 

The tissues were incubated in media containing *H-tyrosine, *H-glatamate and *H-choline for 16 h. The numbers represent means + s.d. 
of radioactive c.p.m. fpr 10 al homogenate or medium for three experiments. 

* Value indicates that the synthesis in tissue is sigpificantly different from background. 
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were used for high voltage paper electrophoresis (6,000 V, 
1.5 h, pH 1.9)!748 After electrophoresis, the paper was 
dried, and ascending chromatography was applied perpendie- 
ular to the direction of electrophoresis to confirm the iden- 
tities of the products {solvent for catecholamines and sero- 
tonin was: methyl ethyl ketone: propionic acid: water 
(200:65:55); solvent for GABA and acetylcholine was: 
n-butanol: acetie acid: water (60:15:25). After chro- 
matography, the paper was dried and the spots correspond- 
ing to the precursors and transmitters were revealed by 
staining!?. The regions corresponding to the appropriate 
transmitters and labelled precursors were cut into l-cm 
squares and placed in scintillation vials each containing 1 ml 
0.01 M HCl. After 2 h, 9 ml of Aquasol was added to each 
vial and the radioactivity was measured by seintillation 
counting. 

In the basilar papilla and the lateral line canal organ 
the presence of glutamate decarboxylase (HC 4.1.1.15)?° 
and choline acetyltransferase (EC 2.3.1.6)38 was also in- 
vestigated. For measurement of glutamate decarboxylase 
activity, organs were homogenised in 40 ul of L-14#C-glutamate 
(4 Ci, uniformly labelled, 255 Ci mol-t), 2-mereaptoethanol 
(10 mM), pyridoxal phosphate (1 mM), and KH,PO, (200 
mM, pH 7,3)2°. For determination of choline acetyltrans- 
ferase activity, the organs were homogenised in 40 yl of 
3H-acetyl-coenzyme A (4 aCi, 980 Ci mol), physostigmine 
(0.5 mM), KCI (100 mM) EDTA (0.2 mM, neutralised), 
choline (5 mM) and KH.PO, (10 mM, pH 7.2)?%. Each 
mixture was divided into four aliquots and incubated at 
20° C for 0-8 h. The incubations were stopped by adding 
1 pl of 2M HCl to each aliquot. The reaction products 
were analysed by high voltage paper electrophoresis and 
the activities of labelled GABA and acetylcholine were 
measured by scintillation counting. 

The experiments on transmitter biosynthesis indicated 
that the bullfrog basilar papilla with only afferent innerva- 
tion synthesised GABA but no detectable acetylcholine, dop- 
amine or noradrenaline (Table 1). On the other hand, the 
lateral line canal organ in the toadfish and the skate ampulla, 
which have both afferent and efferent innervation, syn- 
thesised GABA and acetylcholine but not dopamine, nor- 
adrenaline or serotonin, Although quantitative kinetics of 
enzymatic activities were not studied, our results indicated 
that the basilar papilla (Fig. 2a) contained glutamate 
decarboxylase but not choline acetyltransferase, whereas the 
lateral line canal organ contained both enzymes (Fig. 20). 
These findings are consistent with the results of Table 1. 

Thus, acetylcholine was synthesised in the lateral line 
canal organ and in the semicircular canal ampulla, both 
of which receive efferent nerve fibres, but not in the basilar 
papilla which lacks efferents. In addition, choline acetyl- 
transferase was found only m organs with efferent innerva- 
tion. This correlation strongly supports the notion that the 
efferent nerve fibres are cholinergic, as suggested earlier by 
physiological and biochemical?~® results. The fact that curare, 
which specifically blocks cholinergic synapses, abolishes 
inibition caused by the efferents but leaves afferent synaptic 
transmission unaffected, implies that a different transmitter 
is involved at the afferent synapse. Since GABA is syn- 
thesised by all three organs, all of which have afferent 
synapses that show the ultrastructural and physiological 
criteria for chemical transmission these results point to 
GABA as a putatitive afferent transmitter. 

Our biochemical findings, however, do not exclude the 
possibility that the synthesis of GABA occurred in the 
afferent nerve fibres, non-neural elements or other un- 
identified neurones rather than in the hair cells. In an 
attempt to clarify this point, preliminary pharmacological 
experiments were performed on the isolated labyrinth of 
the skate?! In this preparation the horizontal crista ampullaris 
could be stimulated by hydraulic displacement of the cupula 













and impulses from single afferent fibres could be recorded 
for several hours??. The base of the ampulla, where the nerve 
fibres enter, could be perfused with test solutions. Piero 
toxin, a specific blocking agent for synapses transmitting with 
GABA?623, was found to block spontaneous as well as evoke: 
discharge in sensory nerve fibres at moderate concer 
tions of the drug (5 x 10° to 105M). This blockage 
was partly reversible in some cases. These experiments will 
be reported in more detail elsewhere. 
Taken together, these findings give support for a 
choline as the inhibitory transmitter used by efferen 
of the acustico-lateralis system. In addition, our re 
the possibility that GABA is the neurotransm: 
excitatory synapse between the hair cell and the 
fibre. This possibility is interesting because in synap 
GABA has been shown to be the transmitter, its a 
the postsynaptic cell is inhibitory’ **, Thus, if future 
ments substantiate our results, GABA would be an exc 
transmitter used by hair cells in the inner ear and | 
line sense organs. 
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Fic. 2 Enzyme activities of glutamate decarboxylase 
* and choline acetyltra@nsferase $- - - -—) In the bi 
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Release of specific protease during mitotic 
rycle of L5178Y murine leukaemic cells 
by sublethal autolysis 


SUBLETHAL autolysis is postulated to be the process by which 
degradative enzymes may modify cell plasma membrane 
macromolecules without causing cell death’:?, Malignant or 
virally transformed cells can be agglutinated by various ag- 
-= -glutinins; their untransformed counterparts are not agglutin- 
ated, but normal cells become agglutinable upon mild treat- 
ment of the cells with a proteolytic enzyme*. Therefore, ele- 
~-oyated levels of degradative enzymes may be important for 
= maintenance of the malignant or transformed state through 
sublethal autolysis, which constantly modifies cell plasma 
membrane surfaces. This report shows that L5178Y cells 
release small amounts of a protease active at pH 7.8 and that 
release of this enzyme is almost exclusively in the M period 
of the L5178Y mitotice cycle. Rubin* reported that small 
amounts of trypsin or Pronase produced an overgrowth 
phenomenon in cells; that is, contact-inhibited cells were 
<. released from contact inhibition and proceeded through a 
subsequent round of mitosis. Rubin* has also isolated from 
_eells infected with Rous sarcoma virus a similas non-dialys- 
able, thermolabile overgrowth-stimulating factore 
The ability of lysosomal enzymes to modify the cell 
periphery has been documented and the control of cell growth 








through such modification has been reported*°. Release of ¢ 


lysosomal enzymes during M phase jn synchronous normal 
cells has been reported?, a prdteolytic activity asseciated wit 


e 






“malignant. “mediating fibrinolysis me R said to be a 
“ee ; enzymatic. change. associated. with. transformation’, 
and increased concentrations of proteases have been found in 
a number of virally transformed cells compared with their 
normal counterparts! 59, 

L5178Y cells (mouse lymphoma cell line) were grown in 
suspension culture in sealed containers in Fischer’s medium?® 
with 10% horse serum and were used in the exponential 
growth phase. Cell numbers were determined in a Coulter 
counter. Cells were synchronised by the method of Doida and 
Okada"~1* by applying one treatment with excess thymidine 
followed by one treatment with coleemid and deoxycytidine. 
At each hour after release from the colcemid block 30 ml cell 
suspension were centrifuged out of solution at 1500g for 5 
min, and the medium was assayed for proteolytic enzymes as 
given below. Simultaneously with the sampling for analysis, 
3 mi cells were centrifuged out of solution, resuspended in 0.2 
ml Fischer’s medium containing 10 pCi of *H-thymidine (15 
Ci mmol) and incubated at 37°C for 5 min. The incuba- 
tion was terminated with 10% trichloroacetic acid; the cell 
suspension was centrifuged and the insoluble pellet washed 
twice with 10% trichloroacetic acid and once with ethanol- 
diethyl ether (2:1 (v/v)) dissolved in 1 M NaOH, plated on 
a glass filter disk, and counted in a liquid scintillation counter. 
Counts per minute from zero-time incubations, which were 
precipitated immediately, were subtracted from these results. 
This radioactive incorporation of °H-thymidine is an indi-. 
cation of DNA synthesis in the cell and is a useful measure 
of synchrony and the S period. Protein was determined by 
the method of Lowry et al.15. Crystalline bovine serum al- 
bumin was used as a standard. Protein per cell increased 
linearly from about 0.9 mg per 107 cells to about 1.7 mg per 
107 cells after about 9.5 h and then dropped back to 0.9 mg 
per 10° cells. In general, there was a doubling of the cells at 
95-10 h after release from the M block. Further details of 
these methods have been given previously? -*, 

8H-Acetyl haemoglobin was prepared as described pre- 
viously?>17, §H-Acetic anhydride (400 Ci mol") was reacted 





Tase 1 Influence of divalent cations and oun al ecific reagents 
on pH 7.8 proteinase of medium from exponential L5178Y cells 


Final 
concentration Relative activity (%) 


Addition (mM) pH 7.8 proteinase 
None —— 100 
oCh 1 ` () 58 
HgCl: 1.0 10 
PbCi, 1.0 80 
MnCl: 1.0 87 
MgCl, 1.0 100 
CaCl: 1.0 90 
CdCl, 1.0 10 
BaCl, 1.0 76 
CuCl, 1.0 Ze 
FeCl, 1.0 96 
nCl, 1.0 6 
EDTA 1.0 96 
Dhiisopro- 
Fi ea 0.1 2 
Cysteine 1. 94 
har he Aaa 1.0 90 
Sodium 
p-chloromercuribenzvate 1.0 24 
2, 4'-dibromoacetophenone* 0.1 96 
2-bromo-2-phenylaceto- 
phenone* 0.1 98 
Todoacetate 0.1 96 
Ortho-iodosobenzoate 1.0 94 





sg Dissolved “n dimethylsulphoxide diluted to 0.8% (v/v) in the 


S. 

The medium was incubated with the indicated compounds at the 
final concentration designated for 10 min at 25° before the 
substrate was added. Data are given as relative activity; means 
from five independent determinations. 
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Cell number 





cpm. per mg protein X 10-4 pmol per h per 107 cell 


Time (h) 


Fic. 1 Activity of released protease in synchronous L5178Y 
cells. Culture and synchrony of cells was as described pre- 
viously!!-14, Experiments were performed by collective cells 
in the indicated growth phase, removing the cells by centri- 
fugation at 1500g for 5 min and analysing the proteolytic 
activity at pH 7.8 of the medium as described in the text. 
Appropriate medium controls were assayed simultaneously, 
and the activity was subtracted from the total activity. 
Data are pmol of 3H-acetyl haemoglobin per 10’ cells and 
are means + 1 sd. from five independent observations. 
a, Released proteolytic activity. b, DNA synthesis during 
cell mitotic cycle as measured by incorporation of 3H- 
thymidine into acid-insoluble material (@) and cell num- 
ber (Coulter counter; ©) in arbitrary units. A representa- 
tion of the cell eycle is given above the panelst!-14, Cells 
were released from mitotic block just before zero time. 


with the Type I beef blood haemoglobin. The material was 
purified to a specific activity of 162 ¢.p.m. pmol? based on a 
molecular weight of 68,000 using the counting procedures de- 
seribed here. The specific activity of the material was 300 
Ci mol. Routinely in the assay systems described below, 
50 ul (136 ug *H-acetylated haemoglobin; 2 nmol; 324,000 
ep.m.; 0.6 aCi) of the *H-acetylated haemoglobin was added 
per assay. 

Routinely, 50 to 100 pl of medium or lyophilised medium 
made up to a smaller volume were added to 100 yl 0.1 M 
phosphate buffer, pH 7.8. As the substrate, 50 yl of 3H-acetyl 
haemoglobin (2 nmol) were added. This mixture was im- 
cubated for 1 h at 37°C in a Dubnoff metabolic shaker. The 
reaction was terminated by placing the assay tubes in an 
ice-water bath (0-4° C) and adding 100 pl of 2.5% haemo- 
globin and 50 pl of 60% trichloroacetic acid (TCA). The pre- 
cipitated material was removed by centrifugation at 5,000g 
for 5 min, and an aliquot of the supernatant fluid was plated 
on a glass fibre filter; the radioactivity was determined by 
counting in a liquid scintillation counter”, Activity is ex- 
pressed as pmol of haemoglobin degraded per h per 107 cells. 
Suitable blanks consisting of medium without cells were added 
and incubated simultaneausly. 

Medium from exponentially growing L5178Y cells had $ 
+ 1 pmol of haemoglobin per h per 107 cells. Activity of 
5’-nucleotidase, esterase, and UDPase (all enzymes present 
in large amounts in L5178Y cells’?) were undetectable in the 
medium from the same cells, indicating that the proteolytic 
activity was probably actually released from the cells and 
that cell lysis was not occurring. The proteolytic enzyme in 
the medium was very dependent upon pH: although a slight 
peak of activity occurred between pH 3 and 4 (2 + 0.6 pmol 
per h per 107 cells), essentially no activity was present be- 
low pH 7.0 and above pH 8.6. Proteolytic enzymes can be 
classified in one of four groups: (1) serine proteirfases, (2) acid 
proteinases, (3) thiol proteinases, and (4) metal activiated 
proteinases!3, As demonstrated in Table 1, the thiol-specific 
reagents, rodoacetate and p-chloromercuribenzoate, failed to 
substantially inhibit the proteinase (although the pH 7.8 


proteinase was inhibited by p-chloromereuribenzoate) 
ever, HgCl, was inhibitory to the enzyme. The 
Table 1 clearly show the released protease to be n: 
proteinase. 

The data of Fig. 1 show the enzyme to be most active 
in the M phase of the mitotic cyele; indeed during division 
at 10 h the enzyme reached peak activity of 30 + 2 pmol 
haemoglobin per h per 10° cells. The data clearly si 7 
in these chemically synchronised cells a protease 2 
near phystological pH is exclusively released f 
into the medium just subsequent to and dùru 
The role this enzyme plays in cellular regulation . 
trol (if any) such as cell division, maintenance of the neo 
plastic state, overgrowth phenomena, sublethal ante 
rounding up and lack of adhesion of cells durmg «iv 
remains to be elucidated. 
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Exencephaly in the syndrome of 
trisomy No. 12 of the foetal mouse 





EXPERIMENTAL! and morphological? evidence suggests that 
exencephaly and anencephaly represent diferent degrees 







notochord. Both conditions are experimentally miueible 
several species by the action of different causal factors anc 
teratogens*-7, Moreover, exencephaly has been observed 
oecasionally*in gene mutants, for example in the mouse”, 
though rarély with complete penetrance im the affected 
strains®, and apparent autosomal recessive inheritance of 
neural tube defects has been suggested to oceur at least 
in some instances in man??-11, Therefore, it can be assumed 
that the aetiology ‘of «ranioschjsis is at least complex and 
multifactor@l involving environmental agents as well as 
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Fic. 1 The breeding of aneuploid zygotes by mating 
Rb5/Rb9 doubly heterozygous males with NMRI females. 


genetic factors. But so far, defects belonging to this entity 
have not yet been observed in human or other mammalian 
chromosome mutation syndromes. In this respect it seems 
of interest to report the finding of exencephaly as constant 
and characteristic feature of trisomy of chromosome 12 
in the mouse foetus. 

Double structural heterozygotes possessing two meta- 
centrics derived from Robertsonian changes and displaying 
monobrachial homology were used for inducing trisomy in 
the foetal offspring (A. G., D. Giers, and U. K., unpub- 
lished). Thus, for the study of trisomy No. 12, doubly 
heterozygous males with the Rb(8.12)5 and Rb(4.12)9 Bnr 
metacentrics (refs 12-14 and recommendations of sub- 
committee to consider rules for chromosome aberrations 
of the Committee on Standardized Genetic Nomenclature 
for Mice.) were selected and bred with NMRI (laboratory 
strain) females (Fig. 1). The two metacentrics share the 
chromosome arm which corresponds to mouse chromosome 
No. 12. In meiosis I they form a tetravalent (Fig. 2a) which 
is responsible for anaphase I malsegregation producing 43% 
chromosomally unbalanced, hypo- and hypermodal (Fig. 
2b) spermatocytes II (A. G., D. Giers, and U. K., un- 
published). On theoretical grounds it can be expected that 
among the aneuploid zygotes resulting from mating the 
Rb5/Rb9 double heterozygote with NMRI, the offspring 
with 41 chromosome arms in which both metacentries had 
segregated together must correspond to the trisomy of the 
arm shared by them, that is of chromosome No. 12 (Fig. 
1 and 2b). 

Nineteen NMRI females mated with Rb5/Rb9 males were 
killed at day 10, 12, 13 to 14, and 19 (vaginal plugs con- 
trolled in the mornings; ‘plug day’ = day 1). Karyotypes 
were prepared from the total implant at day 10, and from 
the foetal membranes in the later stages of which the 
embryos were saved for morphological studies. At least 
10 metaphases per implant were evaluated. At days 10 and 
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Fie. 2 a, Diakinesis (metaphase I) from Rb5/Rb9 male 

with tetravalent, b,.Meiotic metaphase Ilewith a hypermodal 

number of chromosome arms (n = 21) in the presence of® 
the Rb5 and Rb9 metacentrics. 
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12 to 14, a total of 33 (21%) out of 156 living embryos 
were aneuploid (Table 1), of which 28 (28/33) showed 41 
chromosome arms in the presence of the Rb5 and Rb9 
metacentrics. Thus, they corresponded to trisomy No. 12. 
All of the 13 embryos of days 12 to 14 with the trisomy 
No. 12 karyotype which were morphologically studied ex- 
hibited fully developed exencephaly (Figs 3b and 4). The 
defect of the cranial vault is always complete and the 
brain protrudes beyond the cranium generally displaying 
a fairly good differentiation of the telencephalic hemispheres 
and of the diencephalic and rhombencephalic areas (Fig. 4). 
The eyes are remarkably small and hypoplastic. The size 
of most affected embryos is normal or only slightly sub- 
normal. This is also true for the developmental stage char- 
acteristics, for instance development of the limbs and of 
the internal organs. In less than a fourth of the observed 
cases of cranioschisis, however, the development of the 
brain was more heavily affected, corresponding to more 
or less pronounced anencephaly (Fig. 3c). In addition these 
embryos were severely retarded and hypoplastic. At day 
19, there were only three cases exhibiting exencephaly and 





Fic. 3 Three embryos (on mm scale) of backcross progeny 
Rb5/Rb9Bnr male Xx NMRI female, day 13%; a, normal 
euploid littermate; b, trisomy No. 12 and exencephaly 


with microphtalmia; c, more severely affected and re- 


tarded trisomie embryo with anencephaly. 


trisomy No. 12, but the afiected embryos were already 
dead and autolysed. A more detailed histological study of 
trisomy No. 12 describing the changes of the brain, the 
skull basis, the eyes and other organs, for instance the 
placenta, will be the subject of a further report, 

Two trisomic embryos (2/33 of days 10 to 14, one each 
of day 12 and 14) possessed only one metacentric (Table 1). 
It has to be assumed that in these eases the extra chromo- 
some cannot be No. 12, but must be the result of meiotie 
walsegregation of a bivalent, though of undetermined origin. 
In fact, they were the only morphologically recognisable 
trisomies without cranioschisis. Their main external feature 
was marked hypoplasia. Moreover, at day 10, three triploid 
Implants (3/33) were observed, all of them of maternal origin 
of the extra haploid set. 

The present observations indicate that cranioschisis, and 
particularly exencephaly, is a constant feature of trisomy 
No. 12 of the mouse foetus. Exencephaly has never been 
encountered among the other autosomal trisomic conditions 
of the mouse so far studied in our laboratory (trisomy No. 
1, 8, 10, 11, 13 and 15-17, A. G., D. Giers, and U. K. unpub- 
lished), or reported from other laboratories (trisomy No. 19, 
ref. 15). All these trisomie conditions cause death in the course 
of early or late foetal development, thus eventually leading 
to their elimination at least before term. In this respect, 
trisomy of chromosome No. 12 of the mouse can be well 
delineated and classified as displaying a characteristic 
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TaLe 1 Occurrence of aneuploidy and of macroscopically recognisable defects 


— — — — _ — a 








day 10 day 12 day 13/14 
No. of females 5 5 5 
No. of corpora lutea 65 T3 65 
No. of resorptions 8 I8 13 
Chromosome No. 2n = H) 41 40) 41 40) t] i) 
No. of live normal embryos 35 46 49 
No. of exencephalic embryos 5t Ri 
IX* 

No. of otherwise abnormal embryos if $ 

* Morphology not determined. 15/18 2n = 41 with two metacentrics. 3/18 triploid. 

t 2n = 41 in the presence of two metacentrics 

t 2n = 41 with only one metacentric. No exencephaly; embryos hypoplastic and retarded 


§ Freshly dead or autolysed. 
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Phosphorylation of selected serine and 
threonine residues in myelin basic protein 
by endogenous and exogenous protein 
kinases 
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FIG. 4 Front il and bai k b yiew (on a scale ) ol ex- HERE is considerable interest in phosph rater 

encephalic embryo with trisomy No. 12 Developmental 
stage day 13% to day 14 





in the brain and the effects of neurotrans! 
over of phosphate in membrane proteins’. emp! 


placed on the phosphorylation Ol proteins o! n4 
exencephaly or cranioschisis syndrome compatible with sur- membranes, but in addition myelin comprise ns | 
vival until a late period of gestatation, possibly until day 17 proportion of the total substrate activity fo! hub 
or 18. The observation that its developmental profile sur- tein kinase of brain*®. In the following | M 
passes at least the survival capacity of trisomy No. 1, 5, al.3 show that this kinase, which is stimulated by ad 
11. 15 and 17 (A. G., D. Giers, and U. K., unpublished) 3’, 5’-eyele monophosphate (cyclic AMP hosp! 
lends support to the assumption that cranmoschisis per se the basic protein of myelin. Besides being & SUDELTAL iT 
is not the primary cause of prenatal death in the trisomy this soluble kinase the basic protein was found to be pl 
No. 12 syndrome of the mouse. phorylated by an endogenous kinase of myelin®. Carnegy 
We thank D. Giers and G Noack, Lübeck, tor valuable et al demonstrated that a protein kinase from r bit iscie 
help, Dr M. B. Cattanach, Harwell, who kindly supplied would selectively phosphorylate certain serine and threonim 
a breeding nucleus of Rb5Bnr mice, and Protessor V. Totovie, residues in the basic proteins of rat al d humai l 
Pathologisches Institut der Universität Bonn, for providing Soluble protein kinases from brain and musele seem to phi 
laboratory facilities to U. K. This work was supported by phorylate similar sites in histones*. We present eviden 
the Deutsche Forschungsgemeinschaft that the endogenous protein kinase of myelin phosphorylates 
\. GROPP the basic protein, but not the proteolipid protein, and that 
U. KoLBUS the site of phosphorylation by this endogenous kinase ts q 
Institut fiir Pathologie different from the site phosphorylated by soluble pı 
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2 Marin-Padilla, M., Virchows Arch. path. Anat. Physiol., 339, scribed by Kemp et al? 


245 (1965) Mvelin (300 SP eee aa ey coer me 
3 Hamburgh, M., Nature, 169, 27 (1952) : seeing . 5 ee Ra <p 38D. ATP- 10 an 
s Giroud, A., and Martinet, M., Acta anat., 44, 358 (1960). pmol HEPES buffer’ pH 7.5; 29.3 nmol y-**P-A 1 gre 
5 Kalter, H., and Warkany, J., Am. J. Path., 38, 1 (1961) MgCl,; 10 ¿mol KF, in a final volume of 1 mi, for 10 mmn 
6 analy ; Br. 4 prev. soc. toes 26, 6% (1972). at 37° C. Samples , (50 ul) were removed and added t 
' Poswillo, D. E., Sopher, D., and Mitchell, S., Nature, 239, as i F ATP ( / trichloroacet 
aon (1972) I ane che ature of a solution of ATP (100 M) in 50% trichloroaceti 


s Grüneberg, H., J. Genet., 52, 52 (1954). > The precipitate was collected on glass fibre disks, washed 
® Lyon, M. F. Phillips, R. J. S., and Searle, A. G., Genet. Res., repeatedly with trachloroacetic acid and ATP solution 

5, 448 (1964). finally with ether. . 
10 Penrose, L. S., J. ment. Defic. Res., 1, 4 (1957). Other incubations were performed as above but wit! 





vo Of 32P in get. 


ts 
ewe 
Faad 
Tavr 
* 





mm from origin 


Fic. 1 Electrophoresis of myelin after phosphorylation by 
y-2P-ATP and endogenous kinase. Lyophihsed myelin 
(about 10° d.p.m.) was dissolved in phenol-formic acid- 
water (2:1:1, by volume) and separated by electrophoresis 
~ in the same solvent in a 15% polyacrylamide gel for 4 h at 
_ §50 V. 28 MA. Gels were stained with amido black and 2 
mm slices were taken starting from the cathodic side of 
` the slot which is not shown in the photograph of the stained 
gel. The slices were counted for 32P in a flow counter with 
an efficiency of 30.8%. Proteolipid protein is the band at 
17.5 mm and basic protein that at 34 mm. 





addition of either 2 uM evche GMP; 2 pM eyelic AMP; 

> ul of rabbit muscle protein kinase (5.28 mg mi) ve 
2 aM cycle AMP. The total **P incorporated (d.p.m. per 
mg protein) into the myelin under these conditions were as 


. follows: myelin alone, 3.0 Xx 10°; myelin plus cycle AMP, 
~ 28 x 105; myelin plus eyclie GMP, 3.0 x 10°; and myelin 


plus cyclic AMP and rabbit muscle kinase, 4.4 x 10°. Thus 
-eyelic AMP did not stimulate the endogenous kinase of 
bovine myelin. The addition of rabbit muscle kinase increased 
he total incorporation of P into myelin. In other experi- 
‘ments, endogenous kinase did not appear to utilize y-*?P- 
GTP as a phosphoryl donor. 
- Phosphorylated myelin was collected from the incubatron 
mixture by centrifugation and washed with 2 x 10 ml water 
_ before lyophilisation. Samples of lyophilsed myelin from 
> the above incubation mixtures were dissolved m phenol- 
© formic acid-water (2:1:1, by vol) and subjected to electro- 







= phoresis in this solvent?® in a 15% polyacrylamide gel. Of 


the total radioactivity apphed to gel 25% was not. associated 
with any band of protein but was spread throughout. the gel. 
After correction for this background 85% of the radioactivity 
was associated with the basie protem and none with the 
proteclipid protein (Fig. 1). Almost identical patterns, with 
no additional minor peaks or changes in the proportion 

(about 9%) of the protein of high molecular weight remain- 
ing at the origin, were obtained with myelin from the other 
incubation mixtures. In the sample with added kinase where 
the total incorporation of °P was increased, the pattern re- 
mained the same. Approximately 85% of the 3*P was in- 
corporated into the basie protein. 

Basic protein was prepared from each of the samples of 
lyophilised myelin by precipitation from chloroform-meth- 
anolt!, The basic protein was collected by filtration and the 


©- recovery of radioactivity was similar to that found by gel 


< electrophoresis. Some difficulty was experienced in quantita- 
> tively eluting the phosphorylated basie protein from filter 
= paper. That the phosphorylated protein was indeed the 
` myelin basic protein was determined by several criteria. 
© Amino acid analysis agreed with that of a sample of myelin 
basic protein obtained from bovine spinal cord? Gel electro- 
phoresis showed only traces of proteins other th&n the myelin 
basic protein. The main peak of radioactivity coincided with 
the myelin basic protein and less than 15% was associated 
with the contaminants, with no individual contaminant con- 
taining more than “6%. The phosphorylated proteins ware 
digested with trypsin’? (treated with N-tosyl-t-Shenylalanyl- 


° 


Sees 

From the specifie activity of the phosphorylated protein 
approximately 25 mmol P were found to be incorporated per 
mol of basic protein. Autoradiography for 24 h was used to 
locate the **P-peptides. Analysis of the peptides was as 
deseribed previously!?:+ and phosphoserine was identified by 
electrophoresis!’ Myelin basic protein from bovine spinal 
cord was phosphorylated and digested as previously p 
for the human and rat proteint, 

The Po Di the Dan PAROI r De m a pee 
labelled as a abea = reer zl al! for an a 
lated human and rat proteins. Spot A, from these proteins, 
was not found in the digest of the bovine protein. Spots B, 
C and F were obtained in sufficient yield for amino acid 
analysis, which enabled their identification (Table 1). Edman 
degradation of the material in spot C showed that serine- 
110, rather than serine-112, was phosphorylated. Spot B was 
derived from peptide 6 and 7 in the bovine protein. It is well 
known that acidic residues adjacent to a basic amino aeid 
inhibit, tryptic digestion. Spot B was not conclusively identi- 
fied in the human and rat proteins although it was shown to 
contain phosphothreonine’. 

Spot G was not obtained in sufficient yield for accurate 
amino acid analysis. From a comparison of the effeets of 
phosphorylation on:the chromatographic and electrophoretic 
properties of peptides which were identified. however, it was 
possible to tentatively identify the parent peptides of spots 
G, K and O. The presence of these spots in digests of phos- 
phorylated bovine, rat and human proteins suggested that 
they were derived from invariant regions of amino acid 
sequence*, Their low values of R, and the presence of phos- 
phoserine rather than phosphothreonine in hydrolysates of 


origin 
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Fic. 2 Peptide map of phosphorylated bovine basic pro- 
tein. The 32°P-proteimm was digested with trypsin and sub- 
jected to electrophoresis at pH 6.5 and chromatography in 
n-butanol-pyridine-acetic acid-water (15:10:3:12, by vol- 
ume)12, Peptides reacting with ninhydrin (—) are num- 
bered as in ref. 15 and those labelled ‘a’ (for example, 10a 
Arg-Gly-Ser-Gly-Lys) are derived from the failure of trypsin 
to digest a bond at the N-terminal end of the peptide (for 
example, 10 Gly-Ser-Gly-Lys). Auto radiography for 24 h 
was used to detect the 2P-peptides. The main spots (~ --—) 
are shown and labelled as in ref. 4 as they had identical 
electrophoretic and chromatographic properties to the cor- 
responding 3%P-peptides from phosphorylated human and 
rat proteins. 
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TABLE 1 Percentage distribution of radioactivity in peptides from a tryptic digest of *P-basic | uer 
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Derived from #2P-Amino acid Incubation mixture with y#P-ATP 
™P-Spot peptide No. — Be es residue No. Myelin + RMPK Basie protein 4.) 
(see Fig. 2) (F Fig. 2) Amino acid sequence in protein Myelin -+ cyclic AMP + eyehe A: 


B 6+7*  His-Arg-Asp-Thr-Gly-Ile- Thr-34 1.1 Li 20.9 
Leu-Asp-Ser-Leu-Gly-Arg 
C 17* Gly-Leu-Ser-Leu-Ser-Arg Ser-116 2-7 17.9 
D ? Unknown Ser 0.9 4.0 
E ? Unknown Ser 4.7 9.6 
F Wat edt MA-Gly-Leu-Ser-Leu- Ser-110 0.6 Les 
POAT 
G 10at hae Gy Seely ive Ser-55 67 .0 48 .6 
K 10+ ‘Gly-Ser-Gly-Lys Ser-55 5.4 3.4 
Oo diat Arg-Gly-Ser-Gly-Lys-Asp- 
a. Gly-His-His-Ala-Ala-Arg Ser-55 8.2 6.7 
Others ? poesia Ser 9.4 6.8 


ations with myelin were carried out for 10 min whereas the incubation of isolated myelin basie protein a 18 rabbit nui 
arried out for 180 min to enable a direct comparison to be made with the phosphorylation of the human and rat proteins: : 
: for, 10 min gave a similar distribution. 
-* Identified by amino acid analysis, and ref. 4. 
+ Identified by chromatographic and electrophoretic ] properties (see text). MMA, monomethylarginine; RMPK, rabbit se 
kinase. Others, minor spots which had been 0.1 and 3% of the total radioactivity on the peptide map. 





these spots eliminated a as number of peptides from con- and lipids of myelin. The accessibility of this 1 
sideration. From a comparison of the change in electrophoretic is supported by preliminary experiments which s 
mobility caused by phosphorylation of peptides which were arginine-107 could be readily methylated by f 
identified, it was "possible to estimate the molecular weights (G. M. Jones and P. R. Carnegie, unpublished). 





of the parent peptides of spots G, K and O (compare ref, 14). In summary, although there are 26 possible 
After this comparison only two serine residues, 8 and 55, threonines available for phosphorylation m the pre 
remained to be considered. It is known that trypsin gives one of these (serine-55) is preferred by the end 

rise to three peptides!®-* all containing serine-55 (Table 1) and one (serine-110) by the added kinase w hen t 


and these fit the calculated molecular weights of the parent is complexed in myelin. Miyamoto et al’ fou 
peptides of G, K and O. Therefore, serine-55 was tentatively protein could be phosphorylated in vivo but t 
identified as a site of phosphorylation for the endogenous phosphorylation have not been identified; it ¢ 
kinase especially as the sequence adjacent to it is invariant. sumed that they will be the same as those deme 

Phosphorylation of myelin basic protein by endogenous in vitro. 
kinase occurs mainly at one serine residue, tentatively identi- The observation that the myelin basic protei ¢ 
fied as 55 (Table 1). Radioactivity at this site represented specifically phosphorylated opens up new appreac! 
80% of the *#P incorporated. When rabbit muscle protein study of the possible physiological role of this : 
kinase was incubated with myelin, phosphate was incorporated normal?*, neurodegenerative™’ and neoplastic’ eom 
into serine residues 55 and 110. After allowance was made We thank Mr N. R. Sims for help with the pr 
for the contribution of the endogenous kinase, it seemed myelin. We thank the National Multiple Seler 
that the rabbit muscle kinase was mainly phosphorylating and the Australian Research Grants Committee | 
serine-110. These results indicate that the two kinases have support. re: 
different specificities. The labelling pattern obtained with PRG 
the endogenous kinase was unaffected by either cyclic AMP P R D 
or cyclic GMP. The Russell Grimwade School of Boema r 

As indicated in Table 1, the longer term incubation of the University of Melbourne, 
isolated myelin basie protein with rabbit muscle kinase re- Parkville, Victoria, 3052 
sults in phosphorylation of both serine and threonine resi- 
dues. Miyamoto et al. have reported that incubation of iso- 
lated myelin basic protein with the brain cyclic AMP- School of Biological Sciences, 
dependent kinase also leads to phosphorylation of serine and Flinders University, 
threonine residues. It will be important to determine whether Bedford Park, 
the specificity of in vive phosphorylation of myelin basic South Australia, 5042 

















protein resembles that obtained with endogenous myelin Received October 2, 1973; revised January 8, 1074. — ee 
kinase or with exogenously added kinases. 1 Reddington, M., Rodaigh, R, and Williams, M. 

With the isolated bovine basic protein and rabbit muscle a 132, » 475-482 (1973). H sda dP Ji 
protein kinase the distribution of "P was similar to that Bee. 741-778 ( 1971). AG STORES eed olin j 
obtained with the human and rat proteins except that a major 3 Miyamoto, E. Kakiuchi, S., and Kakimoto, Y„ Nature, 849, 
spot A, His-Gly-Ser-Lys, was not obtained with the bovine w A woi ED rae 
protein as substrate. The sequence in the bovine protein in BEMERIE, Eo eo ACD, unkley, P. R., and Murray, 
this region is -Gly-Arg-Ser-Lys- due to the deletion of His- 5 R Ro ie o S p Lae (1973). G:. Vee G8 
Yvi5 No maior spot cont: ining this seri f dwek ` ZU f e noue, aR sumure, ia amamu MS = SO 
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the serine prevented its phosy ‘lation, Myelir i 2 wiry, 6le(Tokyo, August, 1973) 
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ne teins are heterogeneous as a result of methylation of arginine- Fried, RB"), 1, 1-29 (Marcel Dekker, New York. 1971). _ 
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In vitro and in vivo phosphorylation of 
myelin basic protein by cerebral 
protein kinase 


A class of cyclic AMP-dependent protein kinases may 
mediate a wide variety of physiological functions through 
phosphorylation of enzyme molecules or other cellular pro- 
teins?. Certain hormones activate these kinases indirectly 
by causing the synthesis of eycle AMP in particular organs. 
The myelin basic protein is a major protein of myelin in 
vertebrate brains and spinal cords. It has been purified to 
homogeneity and its amino acid sequence has been estab- 
lished?" Myelin is a cell membrane substance as evidenced 
from its ontogenic origin. We wished to know if the basic 
protein serves as a substrate for a cyclic AMP-dependent 
protein kinase. 

Protein kinase and myelin basie protein were purified 
from bovine brain according to the method of Miyamoto 
et alt and Oshiro and Eylar®, respectively. 

Myelin basic protein was purified to homogeneity, shown 
by its migrating as a single band on acrylamide disc gel 
electrophoresis at pH 4.3 (ref. 6). The substrate activity of 
the myelin basie protein was compared with that of various 
proteins which are known to be substrates for the protein 
kinase. As shown in Table 1, **P was incorporated into 
myelin basic protein as rapid as into histone, when the pro- 
tems were incubated with protein kinase in the presence of 
*2p—y-ATP. Dependence of the reaction on cyclic AMP was 
also clear, Incorporation of phosphate into myelin basic 
protein was confirmed with gel electrophoresis followed by 
autoradiography. 

The labelled myelin basic protein was hydrolysed in 6 N 
HCl at 100° C for 4 h to examine into which amino acid 
residue phosphate was incorporated. The hydrolysate was 
applied to high voltage paper electrophoresis, and labelled 
phosphoserine and phosphothreonine were detected. The 
ratio of phosphorylated serine and threonine residues was 
7:9, whereas histone was phosphorylated only at a seryl 





Taste 1 Comparison of phosphorylation of various substrates by 
cycle AMP-dependent protein kinase from bovine brain. 








Protein kinase activity 


Without With tuM 
Substrate Amount eyclie AMP cyclic AMP 
(ug) (pmol per 5 min per 4 ug enzyme) 
Histone mixture 200 8.7 79.9 
Lysine-rich histone 200 6.3 e 36.7 
Slightly lysine-rich ý 
histone 200 4.1 37 
Myelin basic protein 200 2.4 ° 22.5 
Arginine-rich histone 200 2.3 18.9 
Casein 500 1:2 6.0 
Protamine ; 500 2.4. 4.3 
Phosvitin 500% t.5 0.6 ° 
Bovine serum albumin 500 O7. * 0.8 
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residue. The phosphorylation of myelin basie protein was in- 
hibited by a modulator of cyclic AMP-dependent protein 
kinase, as was the phosphorylation of histone” ®, 

The phosphorylation of myelin basic protein was propor- 
tional to the time of incubation. After 24 h a plateau was 
reached, with 3.8 mol of phosphate incorporated into the 
protein molecule, indicating that the protein has four resi- 
dues which accept phosphate. The extensively phosphory- 
lated protein migrated more slowly, as was expected. 

It seemed necessary to prove the in vitro phosphorylation 
of myelin basic protein under more physiological conditions. 
The myelin fraction was prepared from rat brains according 
to the method of Uyemura et al.® and was incubated in the 
presence of **P-y-ATP. Phosphorylation of myelin basie 
protein by endogenous protein kinase contained in the myelin 
fraction was demonstrated. Incorporation of phosphate was 
examined by hydrochloric acid extraction of the basie pro- 
tein followed by disc gel electrophoresis. Autoradiography and 
determination of radioactivity in slices of the gel verified the 
phosphorylation of the basie protein. 

We then performed an in vivo experiment. We injected 
6.1 «Ci **P-orthophosphate into the ventricle of rat brain 
by the method of Hayden et al° The brains were dissected 
30 min after the injection and myelin basic protein was 
purified. Incorporation of labelled phosphate into the pro- 
tein was demonstrated by autoradiography of disc gel 
electrophoresis. 

The final proof was obtained by the demonstration of the 
presence of phosphoseryl and phosphothreonyl groups in 
native myelin basic protein from bovine brain. The contents 
of the two amino acid residues of the protein was de- 
termined by acid hydrolysis and electrophoretic separation 
of the phosphoamino acids followed by amino acid analysis. 
Each molecule of bovine myelin basie protein contains 0.07 
mol of phosphoserine and 0.09 mol of phosphothreonine 
residues. The value was calibrated by a partial loss of the 
phosphoamino acids at acid hydrolysis. 

So it is clear that myelin basic protein is present in the 
brain in a partially phosphorylated form, and we think that 
the protein is in a dynamic state between phosphorylated and 
dephosphorylated forms. Methylation and glucosylation of 
myelin basic protein have been already estabhshed. Until 
now myelin has been considered only as a stable component 
of neurones, but its function should be reconsidered. 

In vitro phosphorylation of myelin basic protein was re- 
ported by Dr Carnegie after this study was completed at 
the 4th International Meeting of the International Society 
of Neurochemisry. Details of these experiments will be de- 
seribed elsewhere. 
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The neurogenic and myogenic hypotheses 
in human (Duchenne) muscular dystrophy 


X-Linkep recessive (Duchenne) muscular dystrophy (DMD) 
is the most common, consistent, and disastrous form of the 
diseases in. man. Evidence that it is neurogenic’ is open to 
enticism?*. Though an apparently similar condition in mice, 
often used as a model, may be neurogenic, its different 
serology® and mode of inheritance® suggest a fundamental 
dissimilarity. The following observations on the human dis- 
ease bring new evidence to bear on the issue. 

In mammalian skeletal muscle, each fibre has near its 
mid-point a single endplate supplied by a single nerve fibre; 
more than one endplate is a rarity’~*, The axon of each lower 
motor neurone branches repeatedly to supply in this way 
very many muscle fibres?’ often widely scattered through the 
muselet!-12, | 

If DMD were neurogenic and mediated by the lower motor 
neurone, then in afflicted males the dystrophic X chromosome 


in every neurone should render all the musculature dystrophic, 


as in fact it is. Likewise, in carriers of DMD, the normal 
early random inactivation as stable™ sex chromatin of one 
-oX ehromosome in every female somatic cell}, including 
neurones'®, would give an individually proportioned mosaic 
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Fic. 1 Linear regressions of log(CPK) on age in sera 
from boys with clinically classical DMD, showing intercept 
and slope in equations providing exponential decay rate 
constant Kd and halflife ta of CPK values. Serum CPK 
throughout is assayed enzymatically!9 and expressed in 
International Units as mU ml at 25° C, with male and 


female normal upper limits of 58.1 and 37.7 mU mf re- 
spectively. ©, DMD ambulant: n = 25; y = 3.61886 — 
0.003787x, (© = —222477 on 33 df; P < 005), Kd = 


0.00872 per month, tays = 79.49036 months (6.6242 yr); 
©. DMD wheelchair: n = 17, y = 3.318915 — 0.0037813z 
(6 = —5,70201 on 15 dfi; P < 0.001), Kd = 0.008707 per 

month, tys = = 7961014 months (6.6342 yr). 
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Fic. 2 Linear regression of log(CPKK) 
from female DMD carriers T ely j 
and biochemically?t. n = 41, = 2 
t = —2.87954 on 39 dif; r Py 0.01), 

month, tay, = 354.9886 months (20.58 


of dystrophic motor neurones governed by the d 
chromosome and healthy neurones by the normal . 
some. Muscle fibres innervated by the former v 
be wholly dystrophic, decaying as quickly as i 
males, but healthy if innervated by the latter. ° 
muscle should show a dual population of fibre: 
cut distinctions between them evident at bi 
distinctions are seen, however. Instead, diffu: 
are specifically noted?", and recent electron m 
ings seem to show all carriers affected**, Nor, i 
show, is there biochemical evidence for the expec’ 
decay of a population of dystrophic fibres. 

In DMD, the easily-measured!® serum elevatwit 
muscle-specific enzyme creatine phosphokinase ( 
to the disease decline with age as the muscle mas 
and covariance analysis of the data in Fig, 1 she 
stant process in which this exponential rate of 
CPK is not significantly different between an 
wheelchair cases (F =0.0004, 1 and 38 i 
estimate of slope of 0.00379 thus defining 
slope gives estimated intercepts of 3.618 2 
spectively, with a significant difference of ; 
= 5.36. 1 and 39 d.f., P < 0.05) implying on t 
that CPK elevations are almost halved on t 
ambulation to the wheelchair. A third det 
apparent, so that CPK in DMD specific 
active dystrophic musele mass, and may pr 
prospective DMD therapy if activity and mase 
changed over a short period. 

In DMD the lifespan rarely exceeds 25 yr, but.is ay 
normal in carriers. Then if DMD were neu 
should show initially a similar steep slope durir 
the dystrophie fibres, becoming horizontal later as i 
women?®, Figure 2, however, shows a much gentler 
throughout, with covariance analysis giving no sig 
difference in the slopes before and after 30 yr, Its ex 
rate of decline may be due to variable local anatomical dis- 
advantages causing successive disappearance of a small 
number of fibres throughout life, occasionally evident. at 
biopsy?’, Its slightness is emphasised by consecutive | 
analyses over 3-7 yr in 22 carriers giving individual 
neither significantly different from zero nor cot 
significantly with initial age; clearly so small an 
with such a slope gives little information. In older 
moreover, derivation of probable earlier values fron 
CPK elevations gives reasonable results (obviously) 
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slope for DMD carriers is used, but unacceptably high values 
if that for DMD ambulant is used, indicating that wholly 
dystrophic fibres cannot account for present persistent In- 
creases. 

Further, the collateral remnervation by other motor axon 
sprouts found in denervated muscle fibres?? has now been 
described in the fragmenting fibres of DMD*, particularly 
in the evolving disease but not in the preclinical or terminal 
stages, with either minimal alteration or excessive damage. 
Then on the neurogenic view, if dystrophic carrier fibres 
decayed as quickly as in DMD itself, proportional reinnerva- 
tion by adjacent normal axon sprouts and restoration to- 
wards normal of some dystrophic fibres should subtract them 
even more quickly, with a correspondingly more rapid de- 
cline of CPK than in DMD. Clearly this does not occur. 

These findings and the wide range of sustained manifesta- 
tion in DMD carriers, from undetectable to markedly ab- 
normal*!, are readily explained by random fusion during 
early growth of mononucleate myoblasts from clones with 
one or other X chromosome already inactivated, to give a 
dual population of nuclei, in different proportions for dif- 
ferent individuals, in the mature multmucleated muscle cell”. 
In contrast, a neurogenic view based on orthodox carrier 
anatomy does not show how the commanding influence of a 
dystrophic lower motor neurone may be so extensively 
moderated by a healthy upper motor neurone and other 
connections, or vice versa, to give so wide a range of individ- 
ually homogeneous carrier manifestation. Nor does it show 
how in DMD the invariable myocardial involvement, event- 
ually lethal in patients and generally detectable even in 
earriers?2, occurs without comparable innervation; no such 


involvement is seen? in the putatively neurogenic” limb > 


girdle type of muscular dystrophy. The myogenic view of 
DMD, however, does explain these observations, and if ac- 
cepted in carriers applies equally to the disease itself 
males. 

We thank the clinicians who introduced both patients and 
carriers, and Dr John Shaw Dunn for anatomical discussion. 
This study was supported by the Muscular Dystrophy Group 
of Great Britain. 


W. H. S. THOMSON 
J. C. SWEETIN 
Research Laboratory, 
Knightswood Hospital, 
Glasgow G18 2XG 


R. A. ELTON 


Medical Research Council Virology Unit, 
Church Street, 
Glasgow G11 5J R 


Received January 17, 1974. 


1 McComas A. J, Sica, R. E. 
226, 1263-1264 (1970), 


P. and Currie, 5, Nature, 


2 Scarpalezos, S., and Panayiotopoulos, C. P., Lancet, ii, 458 

aeons J. E., and Borenstein, S., Nature, 246, 500-501 

4 ae T., and Miyata, Y.. Nature new Biol., 244, 221-223 

5 A F., and Dreyfus, J.-C., Enzymol. Si clin., 3, 
53-57 (1963). 


8 Stevens, L. C., Russell, E. S., and Southard, J. L, Proce. 
Soc. exp. Biol. Med., 95, 161-164 (1957). 

7 Schwarzacher, H. G., Acta. anat., Basel,*30, 758-774 (1957). 

s Guth, L, Physiol. Rev., 48, 645-687 (1968). 

ə Le Gros ‘Clark, W. E. The Tissues of the Body (Clarendon 
Press, Oxford, 1971). 

10 Feinstein, B., Lindegård, B., Nymah, E., and Wohlfart, &., 
Acta anat., Basel, 23, 127-142 (1955). 





Natur@ Vol. 249 May 10 1974 


n Gray's Anatomy (edit. by Warwick, R., and Willams, P. L.) 
482 (Longman, Edinburgh, 1973). 

12 Edstrom, L., and Kugelberg, Es J. 
Psychiat., 31, 424-433 (1968). 

13 Bonsett, C. A., Neurology, Minneap., 13, 728-738 (1963). 

14 Migeon, B. R., Nature, 239, 87-89 (1972). 

15 Lyon, M. F., Nature, 190, 372-373 (1961). 

if Moore, K. L., in The Sex Chromatin (edit. by Moore, K. L.) 
19 (W. B. Saunders Co., 1966). 

17 Emery, A. E. H. J. med. Genet., 2, 1-7 (1965). 

18 Afifi, A. K. Bergman, R. À., and Zellweger, H., J. Neurol. 
Neurosurg. Psychiat., 36, 643-650 (1973). 

19 Sweetin, J. C., and Thomson, W. H. S5., Clin. 
48, 49-63 (1973). 

20 Wohlfart, G., Neurology, Minneap., 8, 175-180 (1958). 

21 Thomson, W. H. S., Clin. chim. Acta, 26, 207-221 (1969). 

22 Emery, A. E. H., Br. med. J., 2, 418-420 (1969). 

23 Sica, R. E. P, and McComas, A. J, J. Neurol. Neurosurg. 
Psychiat., 34, 469-474 (1971). 


Neurol. Neurosurg. 


chim, Acta, 


Filaments and ribbons in vertebrate smooth 
muscle 


Since Lowry et al? found X-ray evidence for the presence 
of longitudinally ordered myosin in vertebrate smooth muscle 
there has been much debate on the precise form in which it 
is present. Small et af? have found well ordered and well 
preserved broad ribbon-shaped elements (80 A wide and 
200-1100 A broad) in micrographs of vertebrate smooth 
muscle fixed after relaxation in isotonic and hypertonic salines. 
They believe that these ribbons are the myosin contractile 
elements and support this view with the observation that the 
meridional X-ray reflection of 143 A (indicative of an ordered 
myosin structure) could arise from such ribbons. 

Choit, the first to observe thick filaments in vertebrate 
smooth muscles, found narrow ribbon-shaped structures in 
his preparations and so did Fawcett®. Many others, how- 
ever, reported thick filaments in their preparations, either 
ribbon shaped, polygonal, or circular in cross section, 

Vertebrate smooth muscle myosin is very labile and its 
demonstration in fixed preparations depends on preparative 
procedures!*15. therefore contradictory results were not un- 
expected and the importance of carrying out all X ray and 
electron microscopic work in conditions which correspond as 
nearly as possible to those in vive must be emphasised. We 
think for the following reasons that work at low temperatures 
ix unsatisfactory, and report studies on muscles relaxed at 
RT Be 

Lowy et al> showed that the 143 A reflection is best observed 
in museles relaxed by cooling, and attributed the increase in 
intensity of the 148 A reflection when the muscle is cooled 
as due only to suppression of movement of cross-bridges upon 
relaxation’? but at 0° C, changes in ionie content take place?® 
and in particular Ca ions are taken up by the tissue’? and the 
myosin appears to have undergone configurational changes?*. 
Furthermore, we observe in the electron microscope that when 
taenia coli is equilibrated in ice-cold isotone Biilbring-Golen- 
hofen saline!8, as used by Lowy and also by Small, for dif- 
ferent periods of time (30 min and 2, 4, 6 and 24 h) and the 
muscle is then fixed in 2.5% Taab glutaraldehyde buffered 
with 0.1 M cacodylate buffer at pH 7.0, the shape of the thick 
filaments varies with the period of equilibrium, After 30 min 
and 2, 4 or 6 h the thick filaments have mixed shapes, nar- 
row ribbons, polygonal or circular as commonly seen with this 
method of fixation. After 24 h the thick filaments are mainly 
ribbon shaped (some quite broad ribbons can be observed— 
up to 7%) A wide) and some cell shrinkage has often occurred. 

Like Small et al.23 we observe mostly ribbon-shaped thick 
filaments in taenia sale fixed with acrolein®® after equlibrating 
the muscle for only 2 h in ice-eold saline before fixation, 
probably because aiden penetrates more rapidly than 
glutaraldehyde (Fig. 1). 
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Fic. 1 a, Guinea pig taenia coli muscle equilibrated for 2 
h in oxygenated Biilbring Golenhofen saline at 4° C. 
Primary fixation in acrolein®°. Sucrose was omitted from the 
fixative. Fixation was followed by an overnight wash in 
0.1 M cacodylate buffer, pH 7.0, with additional 7% sucrose. 
Post fixation was in 1% osmium tetroxide dissolved in the 
washing solution. The muscle was under load throughout 
equilibration and fixation. Transverse section: note ribbons 
80 A by A (50,000). b, Guinea pig taenia coli 
muscle equilibrated for 1 h in oxygenated Biilbring- 
Golenhofen saline at 37° C. The muscle was then relaxed 
by the addition of xylocaine to the muscle bath (final 
concentration of xylocaine 15 mM). For the primary 
fixation 5% glutaraldehyde was added to the muscle bath. 
The muscle was under isometric tension and the tension 
was recorded throughout equilibration, the addition of 
xylocaine and primary fixation. Fixation was followed by 
an overnight wash in 0.1 M cacodylate buffer, pH 7.0, 
with additional 7% sucrose. Post fixation was in 1% 
osmium tetroxide dissolved in the washing solution. In this 
transverse section the thick filaments have ribbon shaped, 
polygonal and circular profiles. 80 A by 160-320 A (50,000). 


The size of the mbbons and the degree of shrinkage are 
very much enhanced if the muscles are equilibrated in cold 
hypertonic salines and indeed the 143 A X-ray reflection is 
usually stronger and much clearer in a hypertonic solution at 
4° C than it is in an isotonic solution (Fig. 2). 

Also, if a muscle equilibrated for 24 h in the cold is trans- 
ferred to an oxygenated isotonic saline at 37° C and the ten- 
sion is recorded, it takes at least 30-40 min for the reap- 
pearance of activity and tension development, probably the 
time necessary for the ion concentration to return to normal 
and the ribbons to regain their normal shape. 

We think therefore that the muscle undergoes considerable 
changes when it is cooled, and muscles should be studied at 
normal physiological temperatures (37° C). 

Lowy et al.?® relaxed muscles at 37° C by removing cal- 
cium from the bathing solution, but such treatment does not 
make the 143 A reflection stronger than that of a contracting 
muscle unless the bathing solution is also made hypertonic 
(a treatment which enhances the reflection in the cold). We 
decided to work on muscles equilibrated in an isotonic saline 
at 37° C and to relax the muscle with a drug if one could 
be found which did not affect the contractile mechanism of 
the muscle. The anaesthetic xylocaine (suggested to us by 
Dr Kiernan of the Health Sciences Centre, University of 
Western Ontario, Canada) proved satisfactory. When the 
drug was added to the organ bath in a concentration of 
approximately 1.5 mM the muscle lost all tensioa and ac- 
tivity, and showed no sign of activity or development of ten- 
sion for periods lasting as long as 24 h. If after 24 h the 
xylocaine was washed away, the muscle recovered normal 
activity within minutes, suggesting that only the mem- 
brane had been affected by the drug. In addition, P. J. 
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Goodford and G. S. Wootton measured the wet weights and 
the extracellular space of muscles equilibrated in isotonic 
saline at 37° C with or without the addition of xylocaine 
and calculated from these measurements that although the 
cell volume decreased slowly in the control museles, it stayed 
unchanged after a slight initial shrinkage in the xylocaine 
treated tissue. Therefore, in the xylocaine treated material, 
there is not likely to be an associated effect on the structure 
of the thick filaments which could affect the X-ray or electron 
microscope observations. 

X-ray diffraction patterns were taken of taenia coli from 
adult guinea pigs equilibrated at 37° C in oxygenated Bül- 
bring—Golenhofen saline after the muscle had been relaxed — 
by the addition of xylocaine. The X-ray patterns were taken 
with a mirror monochromator camera on an Elliott Gx 13 
X-ray generator; the tension of the muscle was monitored 
throughout. At 37° C the 143 A reflection was not visible 
in xylocaine relaxed muscles although the actin equatorial 
reflections and the collagen reflections were good, so we should 
have seen the 143 A reflection had it been present: one 
muscle was cooled to 4° C and the 143 A reflection did then 
become visible. 

Electron microscope observations were carried out on 
taenia coli from young guinea pigs (weighing less than 300 g), 
the muscles were treated in the same way as those used for 
X-ray observations and when they had relaxed completely 
after addition of the xylocaine they were fixed by addition of 
25% Taab glutaraldehyde to the organ bath. The primary 
fixation which lasted for 1.5 h was carried out at 37° C, wash- 
ing, post fixation and dehydration proceeded as previously 
described?*, Thick filaments were present in many of the cells, 
but were not always numerous enough to account for all the 
myosin present in the cells. In cross section an assortment of 
narrow ribbons, polygonal and circular shapes were observed. 
(Fig. 1B). It has so far not been possible to observe a pre- 
ponderence of narrow ribbons in cells from muscles after 
equilibration at 37° C. 

Thus, in conditions in which the muscles can contract, when 
ionic and temperature conditions are appropriate for con- 
traction we can find no X ray or electron microscopic evidence 
for the presence of broad ribbons. 





Fic. 2 a, X-ray diffraction pattern of a muscle in Bül- 
bring-Golenhofer saline at 5° C; b, densitometer trace of 
part of the meridian of pattern a, showing the 143 A reflec- 
tion (arrowed) weaker than the adjacent collagen reflec- 
tion; c, X-ray diffraction pattern and d, densitometer 
trace of a musch in a pipet (480 mOsmole). saline 
solution at 8° C, The 143 A reflection (arrowed) is 
than the adjacent collagen reflection. The actin equa 
reflection is mugh sharper and corregponds to a smaller 
* separation of actin Laie than in the normal saline 
solution. 
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Production of antibodies to 
tetrahydrocannabinol as the basis 
for its radioimmunoassay 


TETRAHYDROCANNABINOL (THC) is the main pharmaco- 
logically active constituent of cannabis. A sensitive method 
for its measurement in plasma would be expected to have 
¿important clinical, experimental, and forensic uses. Brief 
«descriptions of the production of antibodies to THC have 
appeared in the pastë, In one case?, the antibodies were 
used to bind THC and its derivatives on a quantitative basis 
involving measurement of the inhibition of antibody fluores- 
cence quenching or enhancement of hapten fluorescence when 
bound to antibody. 

Here we use radioactively-labelled THC to detect the 
presence of antibodies. Each of six sheep wa% immunised 
with a different conjugate of THC and bovine sérum albumin 
(BSA). Five milligrams of conjugate were dissolved in 2 ml 
of sterile water and emulsified with 4 ml of Freund’s com- 
plete adjuvant. The mixture was injected intramuscularly 
into six sites in the*medial gurface of tHe thighs of a sheep. 
Thereafter animals were injected with 2.5 mg ef conjugate 
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Taste 1 Assay protocol- 


100%, Zero Test 
Diluent buffer 0.5 0.4 0.4 
Normal serum (1:2) ec 0.1 
Antiserum (1:2) wm n 0. 1 
sH-THC (1 ng) 0.1 0.1 0.1 
UCC (5%) ns 0.2 0.2 





Values indieate volumes in ml. Sera were diluted with diluent 
buffer. SH-THC was stored in dioxane and an aliquot diluted with 
diluent buffer before use. The inenbation time was 1 h at 4°C. 
UCC was 5% chareoal in phosphate-butfered saline. 


once a month and bled 7-10 d after each injection. One sheep 
produced an antiserum capable of binding °H-THC and this 
material was investigated further. The conjugate which pro- 
voked antibody production was produced by preparation 
of the chlorocarbonate derivative of THC with phosgene 
and subsequent coupling of the derivative to BSA by the 
Schotten-Baumann reaction?. By the inclusion of a small 
amount of *H-THC m the process, it was shown that an 
average of 12 haptens were conjugated to each BSA molecule. 

SH-THC (2 pCi pet) was used to assess the binding 
capacity of the sheep antisera. One nanogram of labelled 
THC was incubated for 1 h in a mixture containing a 1:12 
dilution of antiserum. The diluent buffer was 0.04 M 
phosphate, pH 7.4, contaming 0.15 M sodium chloride and 
0.2% bovine gammaglobulin. Separation of the free and 
antibody-bound fractions of ao tracer was effected with 
5% uncoated charcoal (UCC)*. Ahquots of the supernatant, 
containing antibody-bound ser. were taken for B-counting 
(Table 1). 

Table 2 shows the degree of binding of *H-THC tracer 
exhibited by 1:12 dilutions of sera co ollected after successive 
booster immunisations. The results are expressed as the % 
of tracer present in the antibody-bound fraction (% bound). 
With serum taken following the third boost, the decrease 
in tracer binding produced by increasing amounts of un- 
labeled THC was measured, Figure 1 shows the calibration 
curve obtained with a 1:12 dilution of antiserum. The 
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Fig. 1 Inlfibition of tracer antibody binding by the addi- 
tion of increasing amounts of THC to the assay system. 
The antiserum was used at a 1:12 final dilution and was that 
obtained following the third booster immunisation. Labelled 
and unlabelled THC were added simultaneously to the 
assay system and the incubation time was 1 h at 4° C. 
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Tante 2 The ability to bind tracer of 1:12 final dilutions of the 
sera taken following monthly booster iImmunisations 


manra Aarna a 








Booster Cho bound counts 
Ist 15.2 
2nd 21.0 


3rd 51.5 
ana E a 


smallest amount of unlabelled THC producing measurable 
inhibition of 7H-THC tracer binding was 2 ng. With higher 
specific activity tracer, it should be possible to lower the 
detection limit appreciably. Such a tracer would allow 
smaller amounts to be used m an incubation system con- 
taining less antiserum, and could constitute the basis for 
an immunological, assay for THC with a sensitivity equal 
to or greater than those of physicochemical methods already 
in use®, i 
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Structural analysis of human 
proparathyroid hormone by a new 
microsequencing approach 


Recent evidence indicates that the synthesis of several 
polypeptide hormones, including parathyroid hormone, in- 
volves the production of precursor molecules larger than their 
corresponding hormones?~*, The hormones are generated in- 
tracellularly by specifie enzymatic cleavage. This process may 
represent an important control mechanism for hormonal 
synthesis, cellular storage and eventual secretion of the hor- 
mone, Thus complete structural characterisation of both 
precursor and product molecules for further peptide hor- 
mones in several species is clearly desirable. The precursor 
forms are often present in extremely low concentrations in 
glandular tissue, however, rendering difficult their isolation 
and sequence analysis by conventional chemical methods. 
We deseribe here a microsequencing procedure based on 
automated Edman degradation of internally labelled poly- 
peptides isolated in trace quantities from in ytro tissue 
incubation systems. We used this method, Which is about 
10,000 times more sensitive than the conventional technique 
for determination of amino acid sequences®, to confirm thee 
structure of bovine proparathyroid hormone’, and then to 
determine the structure of human proparathyroid hormone. 






































mone were biosynthesised in vitro in tissue slices from be 
and human glands. During this process, radioactive Iys 
serine, valine, and arginine were incorporated into the ] 
hormone sequences (see Fig. 1 legend for details}, TI 
amino acids were chosen because they constitute the resi 
of the known bovine prohormone-specific hexapeptide. ' 
prohormone fractions were isolated as desertbed previcu 
and sequentially degraded in the protein sequenato: 

The results of the sequence analyses are shown at 
The sequence of the amino terminal portion of bovi 





techniques?; human proparathyroid hormone cont 
amino terminal hexapeptide sequence identical to that g 
bovine prohormone, At each cycle of the degradation 1 
an incorporated radioactive residue was released from 
prohormone, a clearly detectable, five to ten-fold ime 
in radioactivity above background was observed. The- 
tity of each residue was confirmed by thin-layer ch 
tography of the radioactive amino acids removed at 
degradation cycle, Approximately 85% of the rad 
in each aliquot comigrated with the appropriate amino: 
phenylthiohydantoin standards. 

We used two controls on the accuracy of the se 
analysis by the radioactive method. First, the analys 
continued for at least twelve cycles to overlap into the bo 
and human parathyroid hormone structures already « 
termined by conventional techniques*“!, where the 
tive radioactive amino acids were detected im their 
positions (Fig. 1). Second, each cycle of the dear 
was monitored for completeness of reaction by t 
liquid chromatography!? to measure the me 
residue released from sperm whale apomyogion 
used as a carrier protein in the sequence anak 
method each degradation could be shown to have 
vield in the range of 92-940% +. 

Since the additional amino acid residues present in t 
prohormone-specific sequence are not required for the 
pression of hormonal activity, one might expect, s8 
bovine and human proinsulin’, more ammo acid mi 
in the prohormone-specifie peptide than in the active re 
or secreted form of the hormone itself. H, howev 
proparathyroid hormone-specific sequence, which i 
eal in human and bovine proparathyroid hormones, 
in other species too, this may reflect constraints 
variation which are important for the efficient trans 
of prohormone to hormone. Since the sequence ol Ur 
logically active region of human parathyroid hormone 
thirty-four residues) is known?®"1, a synthetic p 
can now be prepared that comprises the active port 
human hormone with the additional prohorme 
hexapeptide added to its amino terminal end. 
peptide, it should be possible to develop a radioj 
for detection of the human prohormone, by tee 
previously with the bovine prohormone™. 5 
should help to delineate the physiological mp 
proparathyroid hormone in man. 

This highly sensitive microsequencing method represents ri 
the culmination of efforts in our laboratory and elsew 
reduce significantly the quantity of protein or polypeptide 
needed for structural studies, Conventional non-radioactive 
Edman methods require at least 100 nmol of starting protein 
to accomplish a twenty-cycle degradation”. Our earlier use 
of a radioactive coupling reagent, **S-phenyhsothiocyanate, 
for the avftomated Edman degradation, reduced the required 
quantity ®f protein to 5 nmol. Recently we developed 
another microsequencing method, the degradation of radio- 

iodinated proteins. The method is useful in determining th 

position of tyrosine and histidine residues in the seque 
ə polypeptides, avaflable in only, picomole quantities, With tne. 
degradatién of internally labelled proteins described here, 
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~ sequence analysis involving all amino acids is possible with 
picomole quantities of polypeptide. Analyses reported here 
= were carried out on 10 pmol of proparathyroid hormone. 

Certain issues concerning the use of a carrier protein to 
protect trace quantities of polypeptide from chemical and 
_. mechanical losses during automated Edman degradation have 

been clarified'*. The use of such carriers to achieve pro- 

tected degradation is essential for the success of micro- 
methods. In our earlier work polypeptides to be sequenced 
were not radioactive; rather, increased sensitivity was 
achieved with %S-phenylisothiocyanate. In this method, 
_ synthetic polypeptide carriers containing non-natural amino 
- acids are necessary to avoid interference with the identifica- 
~ tion of the unknown sequence. In our new method internal 
labelling through biosynthesis enabled us to use as carrier a 
natural protein of known sequence; thereby conventional 
sequence analysis of the carrier protein provides a valuable 
monitor of the efficiency of each step of degradation of 
the trace, radiolabelled peptide. 

Microsequencing methods involving radioactive amino 
acids promise to be generally applicable to the determination 
of the primary structure of trace quantities of other bio- 

logically important peptides. The work described here, as 
-well as a study describing the sequence positions of a single 
-radioactive residue (leucine) in a precursor to an immuno- 
-- globulin chain!®, suggests that the internal labelling method 
can be expanded to include the use of all twenty natural 
-amino acids as radioactive precursors in the in Mtro biosyn- 
thesis of proteins of unknown sequence. Smithies et al. have 
used such an approach for amino terminal sequence analysis 
of immunoglobulin chains (personal communication). Where 
the approach through biosynthesis is ndt feasible, peptides 
< could readily be labelled with tritium to high specific activi- 






Fio. 1 Sequence analysis of radiolabelled human and bovine 
proparathyroid hormone. Bovine. parathyroid glands were 
obtained from freshly slaughtered calves, and human para- 
thyroid adenomas came from patients with hyperparathy- 
roidism at the time of operation. Aliquots of about 100 mg 
of the tissues were incubated for 1 h at 37° C in 2 ml of 
Earle’s balanced salt solution supplemented with 5% foetal 
calf serum, essential and non-essential amino acids (5 mm) 
and either a mixture of °H-lysine (268 Ci mmol) and 
14C-arginine (0.31 Ci mmol) or ?H-valine (48 Ci mmol“) 
and 14C-serine (0.15 Ci mmol). The radiolabelled 
bovine and human prohormones were isolated from the 
tissue by extraction in 8 M urea-0.2 N HCl and electro- 
phoresis on polyacrylamide gels as described previously. 
Approximately 0.5 ug (50 pmol) of each of the specifically 
labelled prohormones containing about 20,000 c.p.m. 3H 
and 5,000 c.p.m. 14C were isolated by this procedure. The 
radiolabelled prohormones were dissolved in 0.2 ml of 20% 
acetic acid, to which 2 mg of sperm whale apomyoglobin 
was added as carrier protein during automated Edman 
degradation®.2°, The prohormones were sequentially degraded 
for twelve cycles in the Beckman 890 C sequencer using 
a standard protein program as described by Edman and 
Begg*®. A 20 nmol sample of the appropriate unlabelled 
phenylthiohydantoin amino acids (lysine and arginine or, 
alternatively, serine and valine) were added to each tube 
of the fraction collector before the start of degradation to 
protect against absorptive losses of the trace amounts of 
labelled amino acids. At the completion of the twelve-cycle 
degradation, aliquots were taken from each fraction collected 
and were counted directly in Liquiflour (NEN) in a Packard 
dual channel spectrometer at a setting which allowed inde- 
pendent measurement of 3H and 14C in the same vial. The 
remainder of the sample was allocated for thin-layer and 
gas-liquid chromatography. At each step in the degradation, 
where a peak of radioactivity appeared, the phenyl- 
thiohydantoin derivative of the labelled amino acid was 
identified by chromatography on silica gel thin-layer plates 
using solvent systems described previously*®28. Unlabelled 
phenylthiohydantoins were used as markers for thin-layer 
chromatography. The amino acid phenylthiohydantoins 
were scraped from the plate and counted for 14C or 3H 
activity at each successive cycle of the degradation. Re- 
lease of radioactive amino acids (vertical axes) was plotted 
against cycle of the degradation (lower horizontal axis). At 
the top of the figure, in ovals, is the known amino terminal 
sequence of bovine proparathyroid hormone. The shaded 
ovals represent the hexapeptide sequence, specific to the 
prohormone numbered —6 to —1, with the amino terminal 
bovine hormone sequence beginning at position 1. The 
human prohormone has an identical amino-terminal sequence 
with the bovine species with the exception of position 1, 
where a serine (cross-hatched oval above the bovine se- 
quence) represents a human specific mutation in parathy- 
roid hormone. a, bovine 3H-lysine and 14C-arginine; b, 
human %H-lysine and 14C-arginine; co, bovine 3H-valine and 
14(-serine; d, human 3H-valine and 14C-serine. 
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ties and sequenced?°. In some circumstances, sequence analysis 
of polypeptides bearing radioactive side chain prosthetic 
groups may be informative. These techniques that can be 
used to label polypeptides internally at high specific activity, 
coupled with the use of natural or synthetic carrier molecules, 
should extend the applicability of automated Edman degrada- 
tion to sequence analyses of polypeptides of biological in- 
terest that are available only in trace quantities, Such ad- 
vances, coupled with improvements in speed and efficiency 
of peptide synthesis’, represent an amplification essential to 
biochemical and physiological investigation of biologically 
interesting polypeptides since milligram or even gram amounts 
of pure polypeptides can be synthesised chemically, even 
though they cannot be obtained from natural sources. 

This work was supported by grants from the National 
Institutes of Health. J.F.H. is a recipient of a Public Health 
Service research career development award. B.K. was sup- 
ported by the US Public Health Service and by a fellowship 
from the Medical Foundation and the Charles E. and Carolyn 
J. Adams Trust. We thank Dr Alexander Rich in whose 
laboratories some work was performed. Since the completion 
of this work we have learnt that D. V. Cohn et al. have in- 
dependantly completed their studies and arrived at identical 
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sequence information for human prohormone using similar 
methods??, Earlier, at the Keating symposium in September 
1973, Cohn et al. presented preliminary data indicating that 
positions 1, 4 and 5 were likely to be lysine in the human 


prohormone structure. 
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Effects of previous exposure on olfactory 
discrimination in Acomys cahirinus 


EXPERIMENTS with chicks!-*, rats, and rhesus monkeys® 
indicate that previous exposure to a visual pattern facilitates 
subsequent discrimination learning involving that pattern and 
¿a novel visual stimulus. This facilitation of disgrimination 
‘learning as a function of previous exposure has been found 
regardless of whether the exposure stimulus was the rein- 


forced or the non-reinforced pattern in the subsequent dis-¢ 


crimination task. 
By comparison with animals exposed to only one of the 























visual discriminanda before testing, those exposed to both 
stimuli generally take considerably more trials to ma 
discrimination task®*. Studies with monkeys and 
indicate that animals that were familar wh both s i 
actually did less well on a discrimination task with those 
stimuli than did control animals for whom both of the 












stimuli were novel?:?, For both hooded and albino rats, how- 
ever, subjects familiar with both visual discriminanda learned 
ov, 8,9 


a discrimination task faster than did control amunal 

In general, such studies have consistently been cone: 
with visual stimuli; even though vision is not the- 
sense in the rat which is often used as a test specter. 
we report a first attempt to investigate the effectis ol y 
exposure to one or both discriminanda upon subseq 
crimination of olfactory stimuli. The subject species, At 
cahirinus (spiny mouse) is a nocturnal murid rodent 
used in laboratory experimentation, 

Individual adult male spiny mice were ra ndomly : 
to one of three treatment conditions (n = 8 per eordition) 
which varied as a function of whether the animals ° 
posed to one, both, or neither of the olfactory stimul 
7 d before the start of testing. The two olfactory stim 
ethyl benzoate (EB) and acetophenone (AC) have similar 
diffusion rates and have been effectively used m 
studies with rats?®, guinea pigs!!!*, and garter snakes’. ` 
odourants were dropped onto cotton woo! imside small piast 
cannisters with holes drilled through the cap. Two af th 
eannisters were placed in the cage of each subject. o 
first day of exposure training and remained for 7 conse 
days. The cannisters in the cages of the contro! © 
remained empty throughout the training perot: f 
Experimental II (E-I) animals, one cannister cont 
and the second EB; the cannisters in the cages g 
perimental I (E-I) mice both contained the same 
(either AC or EB), which was randomly determined for cae 
E-I subject. Mice were housed im four separate rome as 
a function of the training odour(s) to which they were ex- 
posed. 

Each animal was given a single 10 min habituatic 
in the olfactory discrimination apparatus (a T p 

sisting of a runway with a short stem) on the l 
second days of stimulus exposure. On days 2-7 of ğ 
sg mouse was given four pretraming trials during: 
as placed into one end of the runway and alowed t 
o ‘the opposite end to obtain a small bit of apple. 
crimination trials began on day 8. 

During discrimination testing, the two odours were blown 
into opposite ends of the runway, and two small food : 
containing a piece of apple as a reward were placed. 
the runway—one at each end. The apple m the notes 
forced (incorrect) end was inaccessible behimd a mean 
This procedure was adopted to equate for the pre 
apple odour in each end of the runway. To obtam t 
reinforcement, the mouse had to approach the a 
odour of the two being emitted into the T maze. A verrection 
procedure was used'* whereby incorrect trials were repeated 
until the correct choice was made. Subjects were run for a 
total of four reinforced trials on each day until reaching 
a criterion of 8/9 correct consecutive responses—or until 
reaching a maximum of 50 reinforced trials. Throughont 
the training and discrimination testing, the apparatus was 
washed, rinsed and dried after testing each animal on eat eh 
day. 

For both the E-II and C conditions, four animals were Te- 
inforced fer running to AC and four for running to EB., For 
each of the E-I animals, the designation of remforced com- 
pared with non-reinforced odour was randomly determined. 
Thus, five E-I mice were reinforced for running towards {i 

previous exposuré odour, whije for the remaining three Et 
animals, the expogure odour was the negative (non- reinforced) 
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1 Performance on olfactory discrimination test as 
function of previous exposure to the test odour(s). 
SESSA rt RH esa PAD i UE La OI OR LORI 55 SO 
Treatment condition 





Control Experimental I Experimental IT 
C (E-I) (E-IT) 
ox n= 8 n= § n =g 
Mean reinforced 
5 rials to criterion 25.25 12.87 34.12 
8 | 11.22 11.04 10.27 


ee H = 10.65, P < 01 
=: Mean errors to 


criterion 15.9 5.0 21.5 
3. d 9.67 5.19 11.52 


H = 10.305, P < 01 
PE EAA AAE N N A 


stimulus. The left/right positions of positive and negative 
_. odours was randomly determined each day for each subject, 
with the limitation that each odour would be introduced 
_ from each end for two trials per d. 
= Table 1 includes a summary of the results of the olfactory 
scrimination tests, Differences between the three conditions 
1 the number of trials to criterion and errors to criterion 
ere analysed with the Kruskal-Wallis test. As indicated in 
Table 1, significant differences (P < 01) were found be- 
tween the treatment conditions on both dependent measures. 
> Following the significant overall H tests, all possible paired 
=: comparisons for both dependent variables were tested using 
_ the Mann-Whitney U test. The results of these post mortem 
comparisons indicate that for both the number of reinforced 
trials to criterion and errors to criterion, the E-1 condition 
had significantly lower scores than either the E-IT or C 
conditions. When comparing trials to criterion for the E-I 
‘compared with C conditions, U = 7, P = 0.006 (2-tailed 
< test) and for the E-I : E-II comparison, U = 7, P = 0.006. 
On the errors to criterion measure, the E-I : C comparison 
yielded U = 7.5, P < 01 and for the E-I : E-II comparison, 
¿>U = 55, P < .005. No significant differences were obtained 
-= between the E-II compared with C conditions on either of 
:> the measures of discrimination learning (for trials to criterion, 
U = 17, P = 0.13; and for errors to criterion, U = 22.5, 
P > 030). 
-. The behaviour of the E-I animals run to the exposure 
odour did not differ greatly from those for whom the exposure 
> odour was the negative stimulus during discrimination test- 
- ing; and both of these subgroups differed noticeably from 
_ the E-IT and C conditions. The mean trials to criterion value 
. was 15 for E-I animals for whom the exposure odour was 
> the correct stimulus during testing, and 9.3 for those E-I 
© animals for which the exposure odour was incorrect during 
_ subsequent testing. Mean errors to criterion values for these 
< two subgroups of the E-I condition were 6.2 and 3 re- 
< spectively. 
= These results indicate that spiny mice will learn to dis- 
 eriminate between a familiar and a novel odour faster than 
they will learn to discriminate between two unfamiliar odours. 
As animals in the E-I condition showed more rapid learning 
than did subjects of the other two conditions—regardless of 
whether the exposure odour was the rewarded or the un- 
rewarded stimulus—this enhanced performance as a function 
of familiarity with one of the discriminanda cannot be due 
_ to previous attachment to the rewarded odour per se. These 
_ results tend to generally corroborate and extend those ex- 
~ periments in which previous exposure to one visual pattern 
has been found to facilitate subsequent discrimination be- 
tween that pattern and a novel visual pattern“. 

The performance of the spiny mice exposed to one of the 
olfactory discriminanda (E-I) was superior to that of con- 
specifies who had been exposed to both discriminanda be- 
fore discrimination testing. Those animals for whom both 
odours were familiar, perforvhed roughly comparably to the 
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As we have 


rols for whom both. odours were novel. 

mentioned however, earlier studies in which visual stimuli 
were used revealed that rhesus monkeys and chicks who 
were familiar with both discriminanda were inferior to con- 
trols’*, while albino and hooded rats, for whom both visual 
discriminanda were familiar, learned a visual discrimination 
faster than did controls*+8, As pointed out by Chantrey?, the 
visual stimuli used in these studies were probably more 
relevant to the diurnal rhesus monkeys and chicks than to 
nocturnal rodent species. On the other hand, olfaction (the 
sense under study here) seems to be the primary sense used 
by nocturnal rodents, including spiny mice. The relatively 
rapid acquisition of the olfactory discrimination test shown 
by the mice in the present study no doubt refleets the value 
of this capacity to nocturnal rodent species in coping with 
their environment. It may therefore be the case that as the 
value of any sense increases for the species in question, 
previous exposure to both discriminada to be subsequently 
discriminated may tend to have little effect, or to interfere 
with acquisition—rather than facilitate subsequent. discrim- 
ination between these stimuli. It must be emphasised, of 
course, that this is at best a very tentative post hoc hypoth- 
esis. A series of parametric studies using stimuli within sev- 
eral senses and with the same subject species would be re- 
quired to test this hypothesis effectively. 

Bateson and Chantrey*? interpret the poor performance 
of chicks and monkeys on a discrimination task in which 
both visual stimuli are familiar as being a result of the 
subjects classifying the stimuli together during the exposure 
period and subsequently having difficulty ‘declassifying’ them. 
In the present study, although the spiny mice that were ex- 
posed to both discriminanda did not differ significantly from 
the controls, they were inferior to those animals exposed to 
only one of the odours before testing (E-I). Therefore, it 
would seem that relative to the E-I condition, the E-H 
animals had trouble declassifying the two odours as a unitary 
stimulus complex as a funetion of their previous exposure: 
while the relatively poor performance of the control animals 
was a function of the total novelty of both discriminanda. 
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Role of C3 in in vitro lymphocyte 
cooperation 


COMPLEMENT is one of the best known effector systems of 
immunological reactions, and has also recently been shown 
to participate in non-immunological inflammation!, and 
blood clotting?-*. Complement arises early in both phylogeny" 
and ontogeny, and the concept? that it may in addition 
play a part in the induction of specific antibody production 
is of practical and theoretical interest. The complement C3- 
cleaving protein (CoF) of cobra venom and other C3-re- 
active agents have been shown in mice to inhibit the in- 
duction of thymus-dependent but not thymus-independent 
antibody responses in vivo (refs 7 and 8 and M.B.P., un- 
published). Evidence was obtained which related suppression 
of antibody production to cleavage of C3, rather than to 
other possible effects of the C3-reactive agents, such as 
antigenic competition (refs 7 and 8 and M.B.P. , unpublished). 
Interpretation of the data in terms of the role of C3 in the 
antibody response is difficult, however, especially as fluid 
phase C3 fragments (C3b and C3c) ‘block’ B lymphocyte 
C3 receptors and also suppress antigen-induced in vitro 
human lymphocyte transformation (refs 7 and 8 and M.B.P., 
and A. E. Butterworth, unpublished). 

The requirement for C3 in cooperative antibody production 
was therefore studied in vitro where it is possible to exclude 
such effects as antigenic competition, and to differentiate be- 
tween depletion of functional C3 and the generation of C3 
fragments. The presence of murine C3 in the supernatant of 
mouse spleen cell cultures was first demonstrated and the 
effects on antibody responses of these cultures of isolated 
specific anti-mouse C3 antibodies were then examined. 
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. Antigen Antibody (APC per eulture 
Cells cultured (ag mim?) (ag mb) 2 t 
Normal spleen* Nil- Nil Bh + 9 
Normal spleen* DNP-POL! Nil oe 


Normal spleen* DPN-POL! 10 anti-C3 
Normal spleen* DPN-POL} 10° anti-C3 

Normal spleen* DPN-POL! 107 anti-C3 
Normal spleen* DPN-POL! HE Teta, 
Normal spleen* DNP-POL! 10° IgG, 


se + 





* 1.5 X 107 unprimed CBA spleen cells were cultured f 
serum-free medium. 

+ Values are arithmetic means <b se. mean of four eu 
per group. 


CBA/H mice between 60 and 196-d-old, and bred at either: 
University College, or at the Imperial Cancer Res 
Laboratory, London, were used throughout. 
injected intraperitoneally three times at 2 we 
100 ug trinitrophenylated keyhole limpet ha 
KLH) or KLH absorbed on bentonite”, T 
culture 4 to 12 weeks later. TNP-KLH with ROGS 
per 8 x 10° daltons and dinitrophenylated-polyrn 
(DNP-POL) with 1.7 DNP groups per 40,000 d 
Laie as described ee were reused. Tissue 


and 5% foetal calf < serum (Biooult ees yea 
In some experiments, foetal calf serum was a 
forming cells (AFC) were runian by en 




































using SRC nated ie a A R Tabi 
Fab’ fragment (DNP-Fab’)**. Only the IgM re 
ported here as the IgG response were relatively low. 
Isolated anti-C3 antibodies were prepared fran 
anti-mouse C3 serum by elution from Sepharose C3 
The anti-mouse C3 serum was raised in sheep by a 
tion of the method of Mardiney and Müller-El 
It was monospecific for C3, did not cross react i 
fixed bovine C3 from foetal calf serum, nor with ef 
POL or TNP-KLH. The anti-C3 activity was es 
agglutination of 1% sheep erythrocytes alexinated « 9 
complement®; the protein concentrations and t 
two preparations used in the present experime 
ug ml, 1/512 (Batch A) 170 ag mi, 1/286 ( 
Using a radioimmunoassay system (M. B. P. and 
Wilson, unpublished) to test for the presence of mi ‘ 
in the supernatant of in vitro cultures of mouse sp $ 
it was found that the supernatants after 37 h 
15 x 10 spleen cells mi regularly conta 
ug mi of murine C3, assuming that normal © 
used as reference standard contains 1.0-2.0 mi t 
The effect of isolated anti-mouse C3 antide 
thymus-dependent response (to TNP-KLH) and the 
independent response (to DNP-POL) of spleen | è 
mice primed to TNP-KLH was investigated. Seven experi 
ments, the results of one of which is shown in Fig. 1, gave 
the same result. Anti-mouse C3 suppressed the response to 
an optimal dose of TNP-KLH (10 yg mi‘) but did net 
affect that to an optimal dose of DNP- POL 10" i we mic). 
The IgG, fractions of the same anti-mouse C3 serum de- 
pleted of anti-C3 activity did not suppress the response 
to either ‘antigen; nor did anti BSA antiserum at variou 
eoncentrafions, which would also induce the presence 
immune complexés in the cultures (results not shown). T 
maximum suppression obtained in «different 
varied from 100% (response of background « or 
©70% or So. Prelitninmry studies indicate that the least 
pression Occurred, with spleen cells taken from mice cu 































ely soon. ater 
re rformed with sp ) 
only, that is, KLH { Fig. 2). 
= KLH 10+ yg mi was readily suppressed by anti-C3 while 
- that to DNP-POL (1 yg ml) was not. 

= The absence of suppression by anti-C3 of the response 
< to DNP-POL was studied further, by using suboptimal 
< concentrations of antigen. Responses to DNP-POL concen- 
trations of 103 to 10 ug mi were not affected by anti-C3 
© (10 pe mi) (Fig. 3). It has been suggested that B cell 
activation in vitro may be dependent on bovine C3 provided 
by the foetal calf serum!3. The sheep anti-mouse C3 which 
suppressed cooperative responses did not react with bovine 
C3, however, and unprimed spleen cells responded to DNP- 
POL in serum-free medium, even in the presence of anti-C3 
= (Table 1). 

= These results show that a thymus-dependent antibody 
-= response is suppressed by as little as 107 ug ml-' of isolated 
anti-mouse C3 antibodies, a concentration comparable with 
that of murine C3 present in the culture supernates. In 
~~ eontrast, the thymus-independent response to DNP-POL 
< was unaffected by as much as 10 g ml of anti-C3 even 
< when suboptimal doses of antigen (Fig. 3) or serum-free 
= cultures (Table 1) were used. Cooperative antibody produc- 
tion, such as- induced by TNP-KLH, which requires the 
participation of three cell types namely T and B lymphocytes 
and macrophages??.* thus requires C3, whereas no such 
requirement was demonstrable in a non-cooperative re- 
- sponse induced by DNP-POL which only involves B cells?®. 
Both B cells? and macrophages?! have surface receptors, 

albeit of different types, for fixed C3, and it is therefore 
possible that the role of C3 in ly mphocyte cooperation may 
be expressed at either the B cell level, the macrophage level 
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Fie. 3 Effect of anti-C3 on the response of spleen cells 

to DNP-POL in vitro. ©, Response to DNP-POL in 

presence of anti-C3; O, response to DNP-POL in presence 

of control IgG,. Results taken from one out of three 

such experiments, using batch B of anti-C3. Values are 
metric means of four cultures + sem. 


or both. For example, fixed C3 interacting with cell surface 
C3 receptors might assist in T-dependent presentation of 
antigen to B cells’. The contrasting suggestion?® that inter- 
action of C3 with B cell C3 receptors is an obligatory signal 
for triggering of all B cells by either mitogens or antigens 
ig not supported by this or other published work??? The 
recent observation of a difference between the B cell pre- 
cursors responsive to DNP-POL and TNP-KLH, particularly 
in primed mice?*, might provide an alternative explanation 
of the present data if the difference could be correlated with 
heterogeneity of lymphocyte C3 receptors. A combination 
of cell separation and tissue culture techniques may help 
to clarify the role of C3 in antibody production. 
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Lymphocytes from human newborns 
ab rogate mitosis of their mother’s 





THe conceptus is not automatically i oa BY i Aa aa 


en Aa in part gee ause foe! a tissues are 
segregated from immunologically competent maternal cells. 
For example, the surface of trophoblastic cells is partially 
covered by highly sulphated acid mucoprotem and the tropho- 
blasts themselves have few If any transplantation antigens**. 
Also, blocking factors may prevent the mother from immuno- 
logically damaging her foetus(es). For example, pregnant mice 
have a serum factor which blocks their lymphocytes from 
inhibiting the growth of antigenically foreign mouse em- 
bryonic cells?; similar results have been observed with human 
materials”. 41 We now report a further possible mechanism 
by which the newborn actively suppresses mitosis of maternal 
and other foreign lymphocytes. | 

Blood was obtained from the umbilical cords of male 
singleton newborns after delivery but before expulsion of the 
placenta, from their mothers’ arm veins within 1 h of delivery 
and from nonpregnant adult females and adult males (ages 
21-48, all healthy). Lymphocytes were prepared primarily 
from blood defibrinated by glass beads and purified by Ficoll- 
Hypaque gradient centrifugation’™®, and on occasion passage 
through glass wool columns. Using Tiirk’s reagent, lymphocyte 





Taste 1 Results of mixing E lymnhoevies from human newborns 
with lymphocytes from their mothers 


AMAA A AANA nN AA DARIAN HAMANN ARE Bt AAAA Ananing aiana tn ei eter hha 


Case PHA-P Z of metaphase cells 

identification (50 ag min) having a Y chromosome 
E.B. Sa 100 
J.E. + 100 
JS. te 100 
V.V. F 100 
A.M. “+ 99 
A.M. 0 98 
V.G. + 100 
V.G., 0 100 
Expected result, + or 0 50 





Equal numbers of lymphocytes (1 to 2 X 106) from the mother 
and her male newborn were mixed in culture. After 3 d incubation 
the cells were treated with colchincine, collected and stained with 
c. quinacrine hydrochloride (te mark the Y chromosome’. Usually 
~~ 100 cells in metaphase were examined from each culture for the 
_ presence or absence of the Y chromosome. Lymphocytes were 

~ refined by Ficoll-Hypaque gradient centrifugation and, on occasion, 
by passage through glass wool columns. Under the culture con- 

ditions used, lymphocytes from the mother survived as well as 
lymphocytes from the newborns. 
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Taste 2 Results of mixing lymphocytes itor er ea. 
lymphocytes from human newborns 
Case Mixed lymphocytes PHAP 
identification male female (50 ag mich). 
A.M. + A.M. Newborn His mother -$ : 
A.M. + A.M. Newborn His mother ao 
B.M. + M.C. Newborn Alien mother ~fe 
B.C. + M.M. Newborn Allen mother ~f- 
B.S. + AJ. Newborn Alien mother of 
B.C. + R.D. Newborn Nonpregnant 
adult 
V.S. + B.C. Newborn Nonpregnant + 
adult 
B.J. + C.H. Adult Nonpregnant 5 
adult 
BU. + M.W. Adult Nonpregnant 0 
. adult, 
M.O. +CH. Adult Nonpregnant a$ 
adult 


Expected result 1:1 Mixture 


Equal numbers of lymphocytes (1 to 2 x 109 fror 
borns or male adults and ee ao adult. 
mixed in culture. After 3 d incubation, the cells were 
colehicine, collected and stained with quinacrine | 
(to mark the Y chromosome). At least fifty cells in me 
examined from each culture and the percent having Y < 
calculated. Under the culture conditions used, lyri! 
males or females survived equally well. 





purity was 95% or better as judged by lighi 


Equal numbers of living lymphocytes from 
her oe a ~2 x a from hre ) were ator 


ene most cells gees PHA. to ee ge is p 
and newborn lymphocytes cultured a 
amounts of PHA served as controls, We 
PHA per ml of medium, previously Tm 3 
optimal dose for both types of Meo 
incubation at 37° C in 5% CO, and 95% gi 
treated with colchicine, collected and wt y 
before!, Slides were stained with 015%% 
chloride, washed, mounted m modifed | 
acid buffer!*, examined by fluorescent micrasce 
graphed, after which the karyotype was ¢ 
technique marks the Y chromosome specifically 
culture conditions used, cells from mothers sary? 
as cells from the newborns, as judged by trypan 
exclusion. 

Table 1 shows that after 3 d culture of a 
lymphocytes most cells undergoing mitosis were- 
newborn. With or without PHA, 98% or more of 
cultured peripheral ly mphocytes in mitosis were 
born’s (as determined by the presence of the Y ol 
whereas 2% or less were from the mother. 

In further experiments the chromosome labelling t 
was used to study the mixture of lymphocytes from newborn 
and adult lymphocytes other than those of their mother. I 
all cases, lymphocytes from male newborns inhibited mitosis 
of lymphocytes from unrelated mothers and nonpregnant 
adult, females eae al: In contrast, PERE tes al 
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aoe ee WAS ae aia a l aeni 
unable to assess the mixing of lymphorytes - 
females with their mothers’ lymphocytes beg 
in chromosome markers. 
e These results clearly’ show that lymphocytes fro: 
male newborns effectively inhibit. division of thei 
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lymphocytes in vitro; however, lymphocytes obtained from 
the mother and cultured separately were able to enter mitosis. 
Preliminary experiments suggest that a soluble factor released 
from the newborn’s lymphocytes may be in part responsible 
for inhibition of mitosis. Further, this inhibition is a general 
phenomenon, in that lymphocytes from newborns also block 
division of lymphocytes from unrelated mothers and other 
adult females. In contrast, Iyvmphoeytes from adult males 
failed to abrogate mitosis of lymphocytes from adult females, 
suggesting that (1) the Y chromosome per se is not im- 
portant in this inhibition and (2) the inhibitory effect is a 
property of the lymphocytes of newborns. No attempts were 
made to assess the suppression of maternal response by trans- 
plantation antigens. Others have shown that lymphocytes 
of both the newborn and its mother respond less to mitogen 
stimulation when mixed together in a unidirectional mixed 
culture relative to paternal or other third party cells!*1°. 
Experiments to be reported elsewhere show that Iymphoevtes 
from the mother are not killed when mixed only with lvmpho- 
eytes from her newborn. 

Our results suggest that any lymphocytes from the mother 

coming into contact with the foetus by transplacental passage 
are actively prevented from dividing. Such a process could 
protect foetal tissue from aggressor Ivymphoeytes, prevent 
foetal rejection and explain the experimental difficulty in 
causing a graft versus host reaction in the foetus by cell 
transfer'. While lymphocytes from human male newborns 
can inhibit mitosis of lymphocytes from their mothers, one 
cannot conclude from in vitro data that this is the sole reason 
why antigenically different embryos are not injured in vivo. 

Finally, our results offer an explanation for earlier observa- 
tions that immune responses were diffieult to elicit in new- 
born rabbits after adoptive transfer of sensitised homologous 
adult lymphocytes, whereas such adult lymphoeytes mounted 
sizable antibody responses after transfer to X-irradiated 
homologous adult rabbits'?.18, Perhaps lymphocytes from the 
newborn rabbits prevented potentially capable transferred 
cells from forming antibody. We are investigating whether 
lymphocytes from newborns can turn off a humoral response 
by preventing the division of primed immunocompetent cells 
and whether such lymphocytes are T suppressor cells. 

This work was supported by grants and a career develop- 
ment award from the US Public Health Service, a contract 
within the Virus Cancer Program, and a grant from the 
Swedish Medical Research Council. 
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Effects of barbiturate withdrawal on 
audiogenic seizure susceptibility in 
BALB/c mice 


BARBITURATES are commonly used to prevent epileptic sel- 
zures!, but it has also been observed that susceptibility to 
‘spontaneous’ seizure in both normal humans and animals 
is increased during abrupt withdrawal from chronically ad- 
ministered barbiturates and other central nervous system 
depressants?, Here we show that barbiturate withdrawal is 
highly effective in producing audiogenic seizure susceptibility 
in a strain of mice which are normally resistant to seizure. 

In addition, we present evidence that the barbiturate with- 
drawal effect is not an age-dependent phenomenon and further 
suggest that this drug-induced susceptibility to seizure shares 
features In common with the seizure susceptibility that can be 
induced in these same mice following a reduction of auditory 
input. 

Audiogenic seizures, that is seizures driven by a loud 
sound, can be produced in normally seizure-resistant mice 
by ‘priming’ them with an intense acoustic stimulus a few 
days before testing for audiogenic seizures*~>. These primed 
animals show a severe loss in cochlear sensitivity indicative 
of cochlear damage. Saunders et alë proposed an auditory 
deprivation hypothesis to account for the apparent paradox 
that deafened mice over-react to a loud sound. Essentially, 
this hypothesis suggested that priming caused damage to the 
cochlea which in turn effectively reduced auditory input to 
higher auditory structures. As a result of this disuse, the 
unused structures became supersensitive so that on re- 
exposure to a loud sound, the supersensitive structures were 
excited and a seizure precipitated. Gates, Chen and Bock? and 
Chen, Gates and Bock® later confirmed that auditory depriva- 
tion was the important condition for the development of 
supersensitivity, 

Careful destruction of the tympanic membrane produces 
a reduction of input to the cochlea (approximately 40 dB) 
and would not seem to produce cochlear damage. There is, 
however, the chance that secondary infection could be intro- 
duced into the middle ear and then to the cochlea, but this 
did not seem to be the case with our animals. MeGinn et al? 
have subsequently confirmed our finding that a reduction of 
auditory input, by means of ear plugs, is also effective in 
producing audiogenic seizure-prone mice. Willott and Henry? 
report that preliminary histology from primed mice localises 
damage in the outer hair cells of the cochlea. Although we 
have no histological evidence of hair cell damage from our 
BALB/e mice following priming, there is no reason to believe 
that priming does not produce the same effect as in C57BL/6J 
mice. The ‘poor’ cochlear microphonic obtained from BALB/c 
mice after priming is indieative of hair cell damage. 

Disuse in the nervous system, regardless of how it is pro- 
dueed, seems to be the condition responsible for an increase 
in nervous system excitability. In view of the evidence 


Rat 
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Table 1 Effects of barbiturate withdrawal on seizure suscepti- 
bility in non-susceptible BALB/c mice as a function of age 





Incidence of seizure pattern* 
Wild 


Group Age No. running Clonic Tonic Death 
Barbiturate 36 + 3 10 10 10 9 0 
Saline 36 + 3 E i) ] 0 Q 0 
Barbiturate 270 — 275 8 8 8 5 0 
Saline 270 — 275 il 1 1 1 0 


SNS Tran nes rune R a a aaan 


* Fisher exact probability tests were used to compare the barbi- 
turate and saline control mice for each stage of the seizure pattern. 
Exact probability values are given in the text. 


which suggests that barbiturate anaesthetics produce a gen- 
eral reduction in excitability in at least some: parts of the 
auditory pathway!? and as a result of the suggestion put 
forward by Jaffe and Sharpless’? (and others) that phar- 
macological disuse supersensitivity resembles other types of 
disuse supersensitivities, we decided to examine the effect 
of barbiturate withdrawal on susceptibility of BALB/c mice 
to audiogenic seizure. 

Twenty-one mice from eight litters were divided into two 
groups (split litters) at 36 + 3 d of age. This age group 
was the closest we could get to the immature mouse without 
introducing other difficulties. Each of the 14 experimental 
mice was given an intragastric dose of 1.8 mg (approximately 
60 mg kg-*) of sodium phenobarbitone dissolved in 0.3 ml 
of water twice daily at 12 h intervals for 5 d. The other group 
of seven mice was also given an intragastric dose of isotonic 
saline of the same volume on the same regimen. The bar- 
biturate was given orally in both age groups. Four expen- 
mental and one control animal died during the treatment 
period. (We were concerned that interference with growth, 
through food deprivation, might introduce a confounding fac- 
tor into the experiment but by lowering the dosage and in- 
creasing the time over which the drug is administered an- 
other problem is created—achieving the effect within the 
desired age group.) 

Thirty hours after the last dose of phenobarbitone had 
been given to the experimental group, all mice from both 
groups were tested for susceptibility to audiogenic seizure by 
exposing each mouse to the sound of an intense electric bell 
(131 dB relatively to 0.0002 dyne cm?) inside a circular, 
sound-insulated chamber for 60 s or until seizure occurred. 
The types of seizure reactions were noted in those mice which 
convulsed and the results are shown in Table 1. 

All the animals that had been withdrawn from pheno- 
barbitone had florid seizures, but only one of the control 
animals showed the first stage of the audiogenic seizure se- 
quence; that is, wild running without subsequent seizure. 
Fisher exact probability tests on incidence of each level of 
seizure behaviour reveal significant differences between the 
drug and saline control groups (wild running, P = 0.0014; 
elonie seizure, P = 0.00012; tome seizure, P = 0.0009). 
Barbiturate withdrawal is clearly effective in inducing sei- 
zure susceptibility in these normally seizure-resistant mice. 

Production of audiogenic seizure susceptibility in resistant 
mice by previous auditory priming is often regarded as being 
a developmental phenomenon; that is, the mice can only 
be made susceptible to seizure if priming occurs during a 
sensitive period when the mice are still undergoing neural 
maturation. Gates and Chen'4, however, have recently shown 
that seizure susceptibility can be achieved in adult mice if 
the intensity of the priming stimulus is greater than that 
used to prime younger animals. In view of fhis finding we 


thought it useful to examine the effects of barbiturate with- ; 


drawal on seizure susceptibility in mature mice. 
= Twenty-three mice from five litters were divided into two 
nee groups (split litters) of 12 and 11 respectively at 270-275 d 
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of age. Each of the 12 experimental mice was given a 60 
mg kg intragastric dose of sodium phenobarbitone, di 
solved in 0.3 ml of water, twice a day for 4.5 d ar 
control animals were given an intragastric dose of 
isotonic saline on the same regimen. Thirty-four B 
the last dose of barbiturate had been administered 
groups were tested for susceptibility te audiogenic seizure 
using the method described previously, 

The results of testing are shown in Table 
animals in the test group died during bi 
tion. All of the remaining animals in this g 
audiogenic seizures during withdrawal and on : 









probability tests show that ie are , sig ics: 
between the groups in incidences of wid rum 
0.0001), clonic seizure {P = 0.0001) and tonic 
= 0.041). Barbiturate withdrawal is therefore - 
fective method for inducing seizure susceptibility inh n 
mice, 

BALB/c mice are genetically resistant to m 
zure, As we have already pointed out, however, 
to seizure may be induced in these mice 
either a loud sound or by depriving them ofa 
several days before the test. Fuller and Wimer®* 
and Walker’® have also shown that ethanol w 
effective in inducing seizure susceptibility. Aithou 
methods of producing seizure susceptibility see 
related, they all share the common property 
ing a depression of normal central nervous syst 
Priming produces cochlear damage which redi 
higher auditory structures while auditory de 
means of tympanic membrane destruction, has a 
fect. Phenobarbital and ethanol are both ce 
system depressants producing a reduction or d 
normal nervous activity, The major effect of f 
tivity in the nervous system is that unused struct 
supersensitive or over-reactive to sensory stimula 
exposure to a loud sound, the supersensitive st 
driven by auditory input, either directly or ind 
seizure is precipitated. The audiogenic seizure 18 
behavioural manifestation of this underiymg super 
state. P 

The significance of our experiment is that we he 
able to induce seizure susceptibility by pha 
in a strain of mice which can be made si 
genic seizure by means of auditory disuse. “ 
auditory stimulation is effective in driving a se 
barbiturate withdrawal indicates that such a m 
be useful in determining whether or not the d 
ods of disuse share a common or similar mechans 
sensitivity. Our model is easily prepared and teste 
itself to a wide variety of biochemical manipulati 
results also prompt speculation about ‘spontaneou 
which occur in other animals during barbiturate | 
such seizures may be induced by sensory stimul 

We wish to thank Professor G. A. Ben or 
in execution of the experiment and m preparat 
manuscript. 
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Correlation between euploid structural 
chromosome rearrangements and mental 
subnormality in humans 


For some time cytogeneticists have been concerned with 
the question of whether structural chromosome rearrange- 
ments in humans, while apparently balanced, can have 
deleterious effects, either physical or mental. I wish to 
report data which suggest that the latter at least is possible. 

Between 1959 and 1972 the chromosomes of blood leuko- 
cytes of 33,533 people were examined in the Medical Re- 
search Council Clinical and Population Cytogenetics Unit 
in Edinburgh, and ninety-four euploid structural rearrange- 
ments of the autosomes were found, apparently of inde- 
pendent origin. These consisted of thirty-eight Robertsonian 
translocations, forty-seven reciprocal translocations and nine 
pericentric inversions. The chromosomes of both parents of 
forty-six of the subjects were studied and thirty-four of 
the rearrangements were found to be familial, sixteen being 
paternal and eighteen maternal in origin, while twelve 
seemed to have arisen de novo and are referred to here 
as mutants (Table 1). Blood groups and red cell and serum 
enzymes were studied in all the mutants and their parents 
and there was no evidence that the legal parents were not 
the biological parents. 

When these data were being compiled the proportion of 





Tase 1 Euploid structural rearrangement of the autosomes 
Total- 
where 
Total both 
Type of No. parents Inherited 
rearrangement observed examined Mutant Fatper Mother 
Robertsonian A 
translocation 38 19 3 10 6 
Reciprocal 
translocation 47 21 9 4 8 
Inversion 9 . 6 oO * 2 4 
Total 94 48 12 16, 18 ° 
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Taste 2 Euploid structural rearrangements by method 
of ascertainment 


inlet etait amma etna etait p AAAA ATA AAAA raaa OT AAA ia 


Euploid rearrangements 


Method No. Both No. 
of of parents of 

ascertainment individuals No, examined mutants 
Mental subnor- 
mality (excluding 
Down's Syndrome) 2,426 12 7 5 
Newborn survey 12,295 20 17 5 
Other 15,812 62 22 2 
Total 33 ,533 94 46 12 





individuals who were mutants for a euploid chromosome 
rearrangement and who were also severely mentally retarded 
seemed to exceed chance expectation. To test this the data 
have been examined according to the method of ascertain- 
ment (see Tables 2 and 3 for details). At the time the 
original 33,533 blood samples were obtained the reason for 
the cytogenetic observation, that is, the method of ascer- 
tainment, was recorded for each patient. On the basis of 
this record the patients were divided into three groups: 
(a) those where the ascertainment was ‘mental subnormality 
excluding Down’s syndrome’, (6) those where the ascertain- 
ment was ‘consecutive or random liveborn babies’, and (c) 
the remainder (Table 2). As the proportion of mutants in 
categories (b) and (c) was not significantly different (P < 
0.05—Fisher’s exact test) the groups were combined and 
the proportion of mutants in the mental subnormality group 
was compared with the proportion among the remainder. 
The proportion of mutants among the mentally subnormal 
was significantly greater than the proportion among the 
other individuals (P < 0.01—Fisher’s exact test). 

While 100% of the members of subnormal group were 
retarded, most being institutionalised and severely sub- 
normal, several individuals in the other two groups must 
also have been mentally subnormal although only a very 
small proportion was likely to be severely retarded. In an 
attempt to see whether mutants in the other two groups 
were associated with mental subnormality, the method of 
discovery and clinical condition of the mutants in these 
classes were reviewed (Table 3). 

Five of the seven mutants whose discovery was inde- 
pendent of any investigation of mental retardation were 
found during a survey of consecutive liveborn hospital 
births. One of the remaining mutants, who had a chromosome 
rearrangement (3:20), (Table 3) was found during 
a survey of individuals occupationally exposed to ionising 
radiations, while the other, who had a rearrangement 
t(14ql5q), was discovered during the investigation of a 
family in which a t(6pl4p; 6q1l4q) rearrangement was 
segregating and it was shown that the t(14ql5q) in the son 
must have been maternal in origin. It seems probable, 
especially as a break at or near the centromere of a chromo- 
some 14 is involved in both translocations, that one re- 
arrangement influenced the occurrence of the other?. 

All the newborn mutants appeared normal at birth, with 
the exception of laxity of the right hip in one baby (No. 
173/71). This baby required hospitalisation at the age of 
1 month because of myoclonic fits; however these were not 
observed in hospital and her EEG was normal. She is now 
well and at the age of 2 yr development seems to be normal. 
One child, 177/69, developed myoclonic epilepsy at the age 
of 3 months with a typical hypsarrhythmia pattern in his 
EEG. The fits were extremely difficult to control with medi- 
cation and there was progressive mental deterioration until 
sudden death at the age of 3.5 yr. The remaining three 
mutant babies appear developmentally normal and the 
two mutant adults are physically and intellectually un- 
remarkable. 
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Taste 3 Mutants ascertained independently of mental subnormality 
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Patient No. Karyotype Method of ascertainment Phenotype 
173/71 45, XX, t(l4q2iq) Survey of consecutive Laxity of right hip at birth. Physically and developn a 
| liveborn babies normal at 2 yr Eas 
26/69 46, XY, t(Cp—; Cq+) Thea of consecutive Normal at birth and reported by medically. t 
liveborn babies parents to be normal in all pai pied at the a 
177 /69 46, XY, t(5; 11) Survey of consecutive Normal at birth. Myoclonic epi le i 
(pil; p15) liveborn babies progressive mental deterioration till 
190/72 46, XX, t(2; 10) Survey of consecutive Physically and developmentally nort 
(qll q22) liveborn babies age l yr | 
231/72 46, XX, t(1; 15) Survey of consecutive Ty and developmentally RUE a 
(q2; q15 or 21 or 22) _liveborn babies e 6 months | 
228/72 45, XY, t(14q15q) Son of chromosomally P ysically and mentally normal 27-yr-old un 
abnormal parent 7 
14/71 45, XY, t(3; 20) Survey of males occupationally hysically and mentally normal 47-yr-old igs 


(q29 ; pl) 





Taste 4 Published surveys of mentally subnormal individuals 


No. of individuals 


examined No. of Both No. 

(excluding Down's euploid parents of 
Reference syndrome) — rearrangements examined mutants 

2 50 I 1 0 

3 50 2 1 0 

4 264 2 1 0 

5 83 2 2 2 

6 44 0 i E 

7 85 0 — - 

8 537 1 0 ~ 

9 1,000 4 0 = 

10 54 0 0 2 

Total 2,167 12 5 2 





Very few chromosome surveys of mentally subnormal in- 
dividuals who do not have Down’s syndrome have been 
published and, in almost every case where data are available, 
the individuals examined represent a highly selected subgroup 
of the mentally subnormal. The results of nine published 
surveys are given in Table 4 and while 12 of the 2,167 
people examined were reported to have a euploid structural 
rearrangement, in only five were both parents examined. 
Two of these were found to be mutants and while these 
data are small, they agree with the observation that there 
is an excess of mutant euploid structural rearrangement 
among the mentally subnormal. 

A deleterious effect of apparently balanced translocations 
in the heterozygous state has, as far as I am aware, no 
reported parallel in the animal kingdom. This may be be- 
cause an experiment designed to detect such an effect would 
be virtually impossible with most laboratory animals. The 
phenomena may be widespread and many apparently 
balanced autosomal exchanges may have a deleterious effect 
in the heterozygous state on the cell and/or organism 
carrying them. The mechanism for such an effect could be 
either (a) that the rearrangement is in reality unbalanced 
and carries a small deletion below the level of cytological 
detectability; or (6) that chromosome breakage and ex- 
change results in a gene mutation at one or both the break 
points; or (c) that certain rearrangements are associated 
with a position effect detrimental to their carriers. 

Whatever the mechanism responsible, the data presented 
here suggest that the possession of a de novo euploid struc- 
tural rearrangement of the autosomes is, in some cases, 
associated with and presumably causal to, severe mental 
retardation. However the follow-up of a large eeries of 
newborn babies who are mutants for a euploid structural 
Yearrangement will be necessary before a precise prognosis 
for mental retardation can be made. More intensive study 
of mutant individuals might well enable us to determine 
not only the proportion of euploid mutations associated with 
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effect is produced. 


MRC Clincal and Population Cousens 7 
Western General Hospital, 
Edinburgh 


Received February 8, 1974. | 
* Present address: Department of Anatomy and Her 

Deo, University of Hawaii School of Medicine 
awali 


1 Jacobs, P. A., Buckton, K. E., Christie, &., Neto] 
Matthew, D., J. med. Genet. 11i, (in the pres). 

2 Summitt R. L, J. Pediat., 74, 58 (1969 y: 

3 Daly, R. F. J. Pediat., 77, 444 (1970). ae 

4Chen, A. T. L. Sergovich, F. R, McKim, J. 8. Ba 
and Gruber, D. J. Pediat., 76, 303 (1070). 

5 Thorburn M. J, and Martin, P. A., J. med. 
(1971). d 

® Brogger, A., Morh, J., Wehn, M. and Visle, S., fet. (x 
hagen Cong. Scientific Study of Mental Retar Ae, 

7 Yanagisawa, S., Acta Paediat. Jap., 10, 36 (1968). 

8 Iivanainen, M., and Gripenberg, U. Acta Neurol. $ 
Suppl. 31, 53 (1967). 

















? Breg, W. R., Miller, D. A., Allerdice, P. W., and X 
Am. J. Dis. Childhood. 123, 561 ag ia). i 
10 Lubs, H. A., and Lubs, M. T Nobel Sympos 


(Academic "Press, New York, 1973). 


breakage 


THe recent claim of an association of exposure Jò 
adhesives with a rate of chromosome break gi 
times that in control er and the n repar of | h 


1973, to ban abruptly the sale of these produc 
were recalled from the market and a widely 1 
nationwide warning urged all people exposed, pi 
pregnant women, to seek chromosome studies. This 
in widespread popular concern, Cytogeneticists > 
the country received many requests for advice from 
women concerning termination of pregnancy 4 
genetic risks. Evaluation of these requests was 
difficult because there had been no formal pub 
the original data at the time of the warning. ( 
January 15, 1974 none has appeared.) The oniy 
released to investigatérs who equeried the Prod 

Commission directly was a copy of a letter from J. T y 
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Study A 
Exposed Controls 

No. of subjects 11 11 
No. of metaphases per subject ~36 ~36 
Total No. of metaphases studied 397 398 
Frequency (and &%) of cells with 7 3 
evidence for breakage (1.8%, (0.86%) 

P = 0.34 

(xe? = 0.92) 


Taste 1 Chromosome breakage in individuals exposed to spray adhesives and in matched controls 









i Study B Both studies together 
Exposed Controls Exposed Controls 
4 4 * * 
72 72 5 i 
288 288 685 686 
oo 4 9 T 
(0.7%) _ (1.4%) (1.3%) (1.0%) 
| P = 0.68 P = 0.81 
(Fisher’s exact test, two-tailed) {x = 0.06) 


eeaeee aaa 
Phytohaemagglutinin stimulated peripheral blood was used; the total time in culture was 72 h because in all experiments collection” 
at 48 h revealed growth too sparse to provide adequate numbers for counting. (The Oklahoma report also used cells cultured for 72 h. 
Our procedure included treatment with hypotonic KCI, air drying of cell preparations dropped onto cold water-wet slides from a distance 
of 18 inches, and staining with carbol fuchsin. Total time in coleemid (0.5 pg mi~) was 2 h. Unstained areas in chromatids, no matter how 
large, were considered gaps not breaks, unless there was a clear discontinuity of the chromatid as well as nonalignment of the chromatid 
axis. Cells with gaps only were not scored as having evidence for chromosome breakage. Study A lasted for 2 weeks, and one batch of 
media was used. Exposed and control subjects could not always be set up on the same day, Only metaphases with at least forty-four 
centromeres were scored. In the exposed group there was one cell with a dicentric chromosome and six others, each with an acentric frag- 
ment. The dicentric and one fragment occurred in the same individual. Otherwise no more than one break occurred in any individual 


studied. In the controls there were two cells with isochromatid break 


s and one with an acentric fragment. (There was also one dicentric 


in a control cell with only forty-one centromeres, and hence not scored.) In study B, blood from each exposed individual and matched 
control of a pair was drawn, cultured and studied at the same time. The specimens were coded at the time of sampling, and the code was 
not broken until after analysis. There was an interval of about 1 month between the sampling of first and last pairs. Individuals who were 
resampled from the original eleven included three of the four with heavy exposure (the fourth was unavailable) and one individual chosen 
randomly from the three with intermediate exposure. (The group resampled included the exposed individual in the first study with the 
dicentric and an acentric fragment. In none of the controls resampled had a break been found in any cell examined in study A.) In study B, 
two cells, each with an acentric fragment, were found in those exposed and one cell with a dicentric and three others with an acentric 


fragment ‘were found in the controls. 


at the University of Oklahoma who had made the original 
claim, 

This evidence offered in support of the association we 
found suggestive, but hardly convincing, for the studies 
did not involve a blind assessment of chromosome breakage. 


- The claimed relationship of birth defects to chromosome 


- -breaks and spray adhesive exposure was obscure moreover, 
> for one of the two malformed children with alleged breaks 
had been conceived several months after the parents ceased 
use of the spray. In addition, because many of those exposed 
knew each other, even if there were an increased rate of 
chromosome breakage, this might have been caused by some 
other shared environmental factor. 

We undertook a study of the problem in September 1973. 
Eleven individuals with histories of recent exposure to spray 
adhesives were matched with controls of the same age 
and sex. Blood specimens were obtained from each, coded, 
and set up in culture (Table 1). Approximately thirty-six 
metaphase plates were examined from each individual, pro- 
viding a total of about 400 cells for analysis from each group. 
(The anticipated background rate of cells with chromosome 
breakage in adult controls from earlier studies was about 
1.2%. Therefore, should equal rates at this level have been 
found in both groups, this observation would have excluded, 
with 95% confidence, a two-fold or greater increase over 
expected control rate.) When the code was broken, the 
results (study A, Table 1) revealed no significant difference 
between the two groups. In fact the observed frequency 
of breaks in the exposed subjects excluded with 95% con- 
fidence a rate five times or greater that observed in the 
controls, which had been the order of magnitude of the 
inerease reported by the Oklahoma investigator. We then 
repeated the study on four of the original eleven subjects 
studied who were among those with the heaviest exposure 
(study B, Table 1). The controls were the same. Seventy-two 
metaphases from each individual were examined. Again 
there was no statistically significant difference, between ex- 
posed and control subjects, and the results ing the exposed 
excluded with 95% confidence a rate twice or more that 
observed in the controls. 


No experiment can ever prove negative results, that is ¢ 


the absence of a difference between. exposed and controls. 
The results can only put botindaries on the confjdence limits 


of the observed rates in a particular group of people with 
a particular history of exposure. Our observations, however, 
provide no grounds to reject the null hypothesis. That is, 
on the basis of our results, we believe there is no reason 
now to accept a: purported association of significant mag- 
nitude between chromosome breakage and exposure to spray 
adhesives. 

(While our manuscript was in preparation the Consumer 
Product Safety Commission announced the ban would be 
lifted’. It has been reported that a blind reevaluation of 
the original slides failed to confirm the initial interpretation?, 
and that other investigators, as well as ourselves, could not 
confirm the original report?.) 

This episode raises questions as to what evidence of 
chromosome breakage in humans should be grounds for 
action that may provoke unnecessary public alarm and ad- 
verse economic effects. 
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Linkage between immune response 
potential to DNA and X chromosome 


INTEREST in the regulation of the immune response to nucleic 
acids stems largely from the spontaneous occurrence of anti- 
nucleic acid antibodies in the sera of patients with systemic 
lupus erythematosus'*. Genetic factors seem to play a role 
in this disease, which is associated with certam human trans- 
plantation antigens®. Spontaneous production of antibodies to 
different forms of nucleic acids has been observed in some 
mouse strains, and is suggested to be correlated with auto- 
immune diseases? +48, It is of interest to find out whether 
the response potential of diferent mouse strains to nucleie 
acids, on active immunisation, is related to the spontaneous 
occurrence of antibodies and/or to autormmune-like diseases. 

We have previously reported that various mouse strains 
differ in their ability to respond to denatured DNA®*. Thus, 
DBA/2 mice were found to be low responders to denatured 
DNA, whereas SJL/J miee were high responders to this 
immunogen. The SJL mice are of special interest, as they 
develop spontaneous reticulum cell neoplasms which resemble 
Hodgkin's disease in mant, as well as some immunological 
abnormalities including the production of anti-nuclear anti- 
bodies™ 1, It was found that the low responsiveness of DBA/2 
mice to denatured DNA, is a result of their inability to form 
antibodies of the IgG class. SJL mice produced anti-denatured 
DNA antibodies of both 7S and 19S classes, whereas DBA/2 
mice elicited only 198 antibodies’, 

Here we demonstrate that the ability to respond to de- 
natured DNA is genetically regulated by an X-linked gene 
earried on the X chromosome. 

SJL mice, DBA/2 mige, their (SJL x DBA/2)FI hybrids 
and the backcrosses of the SJL and DBA/2 females with F1 
males, namely, SJL x FI (SJL x DBA/2) and DBA/2 x FI 
(SJL x pee) were injected E a! w ith 10 ug 
Dovne serum a (MBSA). 

The mice were immunised twice within a 3 week interval 
The first immunisation was given m complete Freund’s 
adjuvant, whereas in the second one the denatured DNA- 
MBSA complex was given in E gare saline (0.01 
M sodium phospate buffer, pH 7.0, 0.15 M NaCl). The mice 
were bled 10 d after the second ee and their sera were 
tested for anti-DNA titres by the antigen binding capacity 
assay, using }4C-DNA, as previously deseribed®. In addition, 
mice of the backcross DBA/2 x F1 (SJL x DBA/2) were 
assayed for their H-2 antigenic specificities. The animals were 
typed by the haemagglutination method, using anti-H-2°" 
and anti-H-2°" alloantisera}?.14, 

The immune response to DNA of the animals described 
above, after the second injection, is demonstrated in Fig. 1. 
As was shown earlier®, the SJL mice are high responders, 
whereas DBA/2 mice are low responders, The F1 hybrids are 
intermediate responders. The backcross animals, DBA/2 x FI 
(SJL x DBA/2) and SJL x FI (SJL x DBA/2), segregate 
in their response as expected from the response potential of 
the parental strains. Thus, the ability to respond to denatured 
DNA is genetically controlled. 

Typing of the backcross mice DBA/2 x FI (SJL x 
DBA/2) for their major histocompatibility (H-2) specificity 
indicated that the capacity to respond to denatured DNA is 
not linked to H-2, as the H-2* antigenic specificity, donated 
by the SJL high responder strain, was detected in low and 
high responder animals. The results obtained with these back- 
cross mice, however, demonstrate that the gene which regu- 
lates the response potential to DNA is on the X chromosome. 
All the males of the DBA/2 x F1 (SJL x DBA/2) ‘backcross 
were low responders, whereas all the females responded well 
(Fig. 1). These results could be expected if the response to 
DNA is controlled by a dominant X-linked gene. All the 

males of this backcross possess the X uw allele donated by the 

















DBA/2 low responder females. On the other hand, all the — 
females carry one Xai, allele donated by the parental me 
Fl bee x oe a FI parental males carry t 


e onde Teme (X, high x an) and DBA/ 2 low res 
males is Aiii ope a of the ECE Ss x a Sd: X 


pee of she aau ady a ye! 
backeross DBA/2 x FI (SJL x DBAS?) | 
poor responsiveness to DNA is associated with 
elicit antibodies of the IgG class, as was pre 

for the DBA/2 low responder parental strain”, Tin 
responder males of this backeross produced oni 

bodies, whereas in the sera of the high responder fe 
antibodies of both 198 and 75 were present. 

The immune response to ‘another nucleic ae id, na 
double-stranded polyinosinie-polyeytidyiic acid, (pe 
poly(C)), was also found te be controlled by 
X chromosome?. It has been suggested that poly 
is a thymus-independent antigen, as neonata 
mice produced antibodies to this antigen". T 
response to type II pneumococcal polysacchark 
a thymus-independent antigen, 18 also linked vith: Í 
a Is the Bh se pole ntial to pon si 




















reve te a an: DE pacha acetone tnaa 


a r ee AH 


$ 
3 
i i $ 


asiana monna an oana aa ranie N soap 





k Zz: 
ernie IEAA AE 


eaae NE E nAn 


No. of animals 





Ja Sg ett TENE! RH EINER HP NI 





ies Saar Seen © A TRN SAA pian me 2 Baani ona E a A E E a A ANITA He 


| | M R =- 
20 40 60 89 100 
Antigen bound (%5) 


i 
hen 
| 
i 
$ 
| 


Fic. 1 The antibody response of mice mmmunis 
natured DNA-MBSA and assayed with HC 
horizontals axis plots the % antigen bound m 
binding assay, while the vertical axis plots the ; 
animals falling into a given percentile for. 
values. 10 wl of each antiserum. 
DBA/2; ec, (SIL x DBA/2) F1; 2 
DBA/2); e, SJL°x „F1 (SIL x BBAD. 
° animals is shown in d. 









An efficient immune response to denatured DNA could be 
; obtained only when the- immunogen was complexed with 
_ MBSA. Strain-dependent differences in the response potential 
to some synthetic polypeptides**. 19 have been shown to be 
-obliterated when the immunogens were injected as complexes 
with MBSA. In the case of denatured DNA, strain differences 
in the ability to produce antibodies were observed following 
-immunisation with complexes of denatured DNA-MBSA. 
Here we have demonstrated a linkage between the ability 
of mice to respond to denatured DNA upon active immunisa- 
tion, and the X chromosome. Such a linkage may contribute 
to the elucidation of the phenomenon of autoimmune diseases, 
especially if a similar association should also be found between 
spontaneous antibodies to DNA and the sex chromosome. 
> This experimental approach may be of relevance for the 
<= understanding of human immune disorders, as the incidence 
of some autoimmune diseases In man seems to be associated 
< with sex20,21_ 
This work was supported in part by a grant from the 
i ‘National Institutes of Health, US Public Health Service. We 
wish to thank Etti Ziv and Heidy Zinger for technical as- 
sistance, 
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t nogens and the X chromosome a ‘general phenomenon’ ? 


Me UCH - attention y fias — oida on thé role al ly anioi 
in the immune response of the tumour-bearing host. To study 
the cytotoxic effects of lymphoeytes from rabbits bearing VX2 
tumours towards the tumour cells in vitro, a suitable method 
for obtaining lymphocytes from peripheral blood was sought. 
With the recognition that both T and B lymphocyte popula- 
tions are heterogeneous, and have different properties and 


functions which modulate each other’s activities’, the ques- 
tion of cell yield assumes importance in lymphocyte prep- 
arations. The method of choice should also be simple and 
rapid. 

Several methods have been described in the literature for 
preparing comparatively pure lymphocyte suspensions from 
peripheral blood. For separation of lymphocytes from granulo- 
cytes, columns of cotton wool or glass beads have been widely 
used?- “* This method is rather lengthy and is difficult to 
carry out in sterile conditions. The major disadvantage is that 
erythrocytes are not efficiently retained by the columns, and 
the effluents always contain a similar or higher number of 
erythrocytes as lymphocytes. The yield of lymphocytes re- 
covered by this method is usually small (about 50%). Puri- 
fication of lymphocytes from blood by either Triosil (Iso- 
paque)-Ficoll or carbonyl iron powder seemed to be simple 
and less time consuming, and these two methods were exam- 
med for preparing lymphocytes from rabbit. blood. 

Boyum* devised the Triosil-Ficoll method for separating 
lymphocytes from human blood. His lymphocyte prepara- 
tion usually contained about 80% lymphocytes, 18% mono- 
cytes and 6% erythrocytes with a lymphocyte yield of greater 
than 95%. Harris and Ukaejiofo® using the same method, 
obtained on average 70% of the available lymphocytes. Using 
this Triosil-Ficoll method, we obtained lymphocyte yield from 
human blood of between 30% and 40% and from rabbit 
blood a yield of between 6% and 50%. Attempts to obtain 
higher yields were not successful. In addition, the purity of 
the lymphocyte preparations was not satisfactory. 

Several groups of workers have used the carbonyl iron 
method for preparing lymphocyte suspensions’-*, These work- 
ers do not state the actual yield of lymphocytes recovered 
per ml of blood, although from the results of Coulson and 
Chalmers? it can be calculated that their yield for human 
blood was 25-50%. A lymphocyte yield from rabbit blood 
of greater than 70% (average 74%) has been consistently 
obtamed by us with this technique. The yield of lymphocytes 
obtained from human blood, however, was always about 40%. 
The carbonyl iron method is simple and the entire purifica- 
tion procedure requires less than 2 h. 

Venous blood (10 ml) was placed in a siliconised e 
bottle containing 200 units of phenol-free heparin (Heparin 
BP (Mucous), Boots Pure Drug Co. Ltd., Nottingham, 
England) in 1 ml of saline. To this, 3.3 ml of sterile 1% 
methyl cellulose (viscosity 15 centipoise, Standard Grade, 
Dow Chemical Co.) in saline containing 120 mg of sterile 
carbonyl iron powder 34m size (SF, GAF, Great Britain Ltd., 
Manchester) was added. The universal bottle containing the 
blood—methyl cellulose-iron mixture was incubated at 37° C 
for 30 min and was gently shaken at 5 min intervals. At the 
end of 30 min incubation, the contents of the bottle were 
transferred to another siliconised universal bottle which was 
left on a magnet at 37°C for 30 min. Red cells, granulocytes 
and monocytes settle with the iron particles. The supernatant, 
containing mainly lymphocytes and some iron particles, was 
pipetted off into a fresh universal bottle using a sterile Nylon 
Cannula, (Portex Ltd., Kent, England) attached to a 1 ml 
syringe. The’ red cell pellet was spun at low speed {1000 
r.p.m.) for 30 s using an MSE bench centrifuge. The super- 
natant was carefully pipetted off as above and added to the 
previous supernatant. The lymphocytes from the combined 
supernatants were centrifuged (2000 r.p.m. for 5 min on MSE 


SS 
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bench centrifuge), and washed three times with warm Way- 
mouth medium (Medium MB 752/1, Difeo Laboratories). 
During this washing procedure, the lymphocytes are freed 
from residual iron particles by resuspending the cells in the 
medium without disturbing the iron deposit, and decanting 
to a fresh siliconised universal glass bottle. Finally, the 
lymphocytes were suspended in Waymouth medium contain- 
ing 5% bovine serum albumin previously warmed to room 
temperature. The differential count was performed using 
white blood cell (WBC) fluid (1% acetie acid in saline with 
two drops of methyl blue). 

The lymphocyte preparation from rabbit blood contains 
over 95% lymphocytes compared with 50-60% lymphocytes 
in the blood before separation. One or two erythrocytes are 
usually present for every five lymphocytes, as observed by 
Giemsa staining. The preparation of human blood obtained 
by this method contains 50-60% lymphocytes compared to 
30-40% lymphocytes in the original blood. Usually one or 
two erythrocytes are present for every lymphocyte in the 
suspension. 

Lymphocytes prepared as above from rabbits bearing VX2 
tumours are currently being investigated for cytotoxic ac- 
tivity towards the tumour cells previously labelled by 15I- 
iododeoxyuridine by in vitro or in vitro methods. 

This work is supported by the North of England Council 
of the Cancer Research Campaign. 
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T lymphocyte requirement for MSV 
tumour prevention or regression 


ApuLT mice injected with murine sarcoma virus Moloney 
isolate (M-MSV) develop sarcomas which have a high in- 
cidence of spontaneous regression, As tumour cells are strongly 
antigenic and release virus continuously, it is generally agreed 
that tumour regression 1s mediated by a host immune reac- 
tion!, In fact, M-MSV induces a progressively growing tu- 
mour in newborn or adult mice immunologically depressed 
by X-irradiation, anti-lymphocyte serum or neonatal thy- 
mectomy?*. It is still not clear, however, if humoral or 
cellular immunity is mainly responsible for M-MSV tumour 
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regression®-*, Both bone marrow-derived {B} and thymus- 
derived (T) lymphocytes have been shown to pos 
killer effect in vitro against target cells bearing Molone 
virus specified cell surface antigens®!®, Here we report | pre- 
liminary data which indicate that T ly mphocytes are eces 
sary for spontaneous M-MSV tumour regression. 

CBA mice of both sexes were thymectomised at 2 
of age. Two weeks later they were both irradiated witi 
rad and injected intravenously with 5 x 10° syngene 
marrow cells. These mice were then considered “de 
T cell functions. A cell-free tumour extract of M 
tained by serial in vivo passage in 1-2-week-ol 
BALB/c mice, was prepared as previously report 
to four weeks after irradiation, deprived mice were i 
intramuscularly in the left thigh with 0.05 ml of this t 
extract diluted to 10° g equivalent. Control CBA mace were 
similarly treated. All mice were inspected daily for tmur 
development and growth. 

As shown in Table 1, 27 of 30 deprived mice {90 
veloped tumours with a mean latent period of 17 
over, 24 of these 27 mice died with progressive ti 
months following M-MSV injection. No tumet 
served in M-MSV-injected control mice. ‘These re: 
that the deficiency of the F cell population is res 
for the induction and progression of tumours in the deprived 
mice. 
To better evaluate w hether eee of - oe fur iin 








z} de- 





grafted fee ile ey eae oh can cua t 
either from CBA or CBA/H-T6T6 donors, at ¢ 
intervals before or after M-MSV injection. These 
considered ‘reconstituted’ for T cell function. | 
was also evaluated in mice grafted with 
thymuses, by means of karyotypic analyses of py 
blood lymphocytes after PHA stimulation*?. As seen in’ 
2, mice receiving the thymus graft 30 d before M 
injection did not develop tumours while mice which 
grafted 1, 5 or 25 d after M-MSV injection prese! 
mour incidence of 87.5, 69 and 100%, respective 
latency of 15-19 d. Furthermore, the mice reece 
or 5 d following M-MSV injection la a 100 
sion while tue mice inne ae a upam s 5 d aft at 





host. 

It has been reported that following thymus g 
deprived mice, a gradual restoration of T eel function: 
curs and is accomplished in about 30 d (ref. 12). Conse 
quently, our results may easily be explained m tert 
complete or partial restoration of T-cell activity at t 
of M-MSV injection. Thus, the mice grafted before | 
injection were as immunocompetent as the controls i 
not develop tumours. Mice grafted 1 or 5 d after 
injection present tumours but all of them regress, 
because of a gradual increase in the T cell population 
tumour growth. In this regard, the time needed for t 
sion was greater (31 d) for mice grafted on the » 
than that needed for mice grafted on the first day 
M-MSV injection (13 d). Finally, thymus grafting 29 i 
M-MSV does not affect the tumour because the neoplasm has 
probably reached a very advanced stage. 





TABLE 1 








Total No. No. mice with 


mice tumour (%)* 
Normal 30 » && (0) 
Deprived 30 27 (90) 


Tumour induction by M-MSV in normal and deprived CBA mice 


ra tema nbd thay enon! 


No. mice dead — 
with tumour (237 





sanreereaiaten eaerdandh amaha nee Re aeRO aaan aE 


No, gnice with 
regressed tumour (%)f 


0 (0), 0 (0) 
a Aan) 24 (89) 





* © of mice with tumour evaluated from total number of mice. * 


+ &% of mice with regressed tumour calculated from number of micesdeveloping tumour? » 
t & of mice dead with tumour calculated from number of mice developing tunfour. 










: Time of arr 


thymus graft Total No. No. mice with 
(d) mice tumour (&%)* 
—30 14 O (0) 
+4 1 8 7 (87.5 
+5 13 9 (69.2) 
+25 6 6 (100) 


% of mice with tumour evaluated from total number of mice. 





No. mice with 


No. mice dead 
regressed tumour (°%)t 


with tumour (&%)t 


0 (0) 0 (0) 
7 (100) 0 (0) 
9 (100) 0 (0) 
0 (0) 6 (100) 


+ 
t % of mice with regressed tumour calculated from number of mice developing tumour. 
t % of mice dead with tumour calculated from number of mice developing tumour. 
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Taste 3 M-MSV neutralisation titres* of sera from normal, 
deprived and reconstituted mice at different days following 
M-MSV injection 


Days from M-MSV Injection 





15 20 60 
Normal 8 16 32 
Deprived 4 8 16 
Reconstituted — 16 3° 







Pools of sera inactivated at 56°C for 30 min, were incubated at 
arious dilutions-for 60 min at room temperature with 30-40 
< focus forming units (f.f.u.) of M-MSV. The mixtures of sera and 
-= M-MSV were then assayed for focus formation on DEAE-dextran 
treated 3T3FL mouse cells plated the day before at concentration 

of 10° in 60 mm plastic petri dishes. The cultures, in duplicate, were 
grown in Dulbecco’s medium supplemented with 10% inactivated 
and filtered foetal calf serum and antibiotics. Foci were scored on 
-the fifth day. 
< * Reciprocal of serum dilution that resulted in a 50% reduction of 
=- focus formation is given. 










As there is evidence indicating that humoral antibodies may 
nterfere with M-MSV tumour induction and progression®.733, 
t was considered worthwhile to study whether deprived and 
econstituted mice could produce virus-neutralising antibodies. 
Mice, normal, deprived and reconstituted before M-MSV, 
<- were bled at various intervals following M-MSV injection. 
_. Their sera were assayed by the in vitro focus reduction 
<- method on 3T3 FL cells!*. As shown in Table 3, both deprived 
~~ and reconstituted mice produced neutralising antibody, al- 
though the former had a somewhat lower titre. This last 
-< finding could be due to the decrease of antibody in free 
form, which is usually observed in the serum of mice with 
_. progressing tumours®. Alternatively, since both 19S and 7S im- 
~--munoglobulins are responsible for virus neutralisation™, it 
might be that the capability to synthesise 7S antibodies, which 
4g a function of T and B cell cooperation!®, is reduced or 
absent in deprived mice. Obviously, the fact that deprived 
lice produce virus-neutralising antibody does not exclude 
he possibility that their serum contains also antibody with 
n enhancing or blocking effect, although these antibodies 
are mainly of the 7S typet”. The importance of T cells in 
-restraining M-MSV oncogenicity clearly emerges in the ex- 
perimental model studied. However, whether T cells operate 
directly by a cytotoxic effect on tumour cells or through 
-< cooperation with B cells resulting in more efficient antibody 
production, remains to be elucidated. 

This work has been supported in part by grants from Con- 
-stgho Nazionale delle Ricerche, Roma and Associazione 
< Taliana per la Promozione delle Ricerche sul Canero, Milano. 
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Induced redistribution of membrane 
particles, anionic sites and con A receptors 
in Entamoeba histolytica 


THe extent to which the distribution of antigens and other 
receptors at the cell surface is determined by structural 
components within the plasma membrane is largely unknown. 
In erythrocyte ghost membranes, freeze-fracture and freeze- 
etch studies have demonstrated that structural components, 
‘membrane intercalated particles’, are the exclusive sites at. 
the surface which bear A and B antigens!?, wheat germ 
agglutinin®, influenza virus, con A receptors (Pinto da Silva 
and Nicolson, unpublished), and anionic sites*t. It is clear, 
however, that conclusions derived from the study of this 
membrane system cannot be freely extrapolated to living 
cells where the relationship cell surface-membrane strueture 
may be more complex. We report. a study of this relationship 
on the plasma membrane of living Entamoeba histolytica 
cells in conditions which induce a redistribution of mem- 
brane intercalated particles, anionic sites or con A receptors. 

Trophpzoites of E. histolytica, a pathogenic strain cultured 
under axenic conditions’, were washed with phosphate- 
buffered saline (PBS). Aggregation of membrane particles 
was induced by gradual impregnation with 25% glycerol in 
PBS, incubation for 30 min at 34° C and 30 min more at 
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Fic. 1 Membrane intercalated particles, anionic sites and 

con A receptors in Æ. histolytica plasma membranes. A, 

Freeze fracture; B, colloidal iron at pH 18; C, con A- 

peroxidase ; D, ferritin at pH 4.0; Æ, colloidal iron, prefixed 
cell. A, and D, 33,000; B, C and E x 16,500. 


24° C. Cell viability of glycerol impregnated cells as deter- 
mined by exclusion of trypan blue remained over 75%, dead 
cells being easily distinguished in thin sections or in freeze- 
fracture replicas. For freeze fracture, cells were rapidly 
frozen in the liquid phase of partially solidified Freon 22, 
and fractured at —100° C in a Balzers 300 apparatus 
equipped with a turbomolecular pump. The ultrastructural 
distribution of acidic sites ionised at pH 1.8 was determined 
by labelling the cells with colloidal iron®. Negatively charged 
sites ionised at pH 4.0 were labelled with positively charged 
ferritin, obtained by dialysis at pH 4.0, that is, below its 
isoelectric point’. Con A receptors were detected by the 
con A—peroxidase reaction’. 

To alter the distribution of structural components within 
the plane of the plasma membrane, living cells were incu- 
bated in glycerol, which results in aggregation of the mem- 
brane intercalated particles revealed by freeze fracture”. In 
our experimental conditions, we find that glycerol-induced 
aggregation of membrane particles in Æ. histolytica (Fig. 1A) 
is more prominent than that previously reported for lymphoid 
cells®#°, Glutaraldehyde prefixation eompletely prevents 
glycerol-induced aggregation of membrane particles. In con- 
sequence, the aggregated pattern of membrane particle dis- 
tribution which is observed on the fracture faces of plasma 
membranes is clearly distinguished from the non-aggregated 
pattern observed in cells fixed before glycerol impregnation. 
As ean be seen in other cells systems, detailed examination 
of uncontaminated replicas of prefixed cells demonstrates, 
under favourable shadowing conditions, the existence of an 
extremely heterogeneous particle population where all transi- 
tions ranging from a slight rugosity—here termed ‘sub- 
particle’-—to a definite membrane particle can be observed. 
This renders difficult the unequivocal identification of mem- 
brane particles. Aggregation of membrane particles induced 
by glycerol, however, provides a clear distinction between 
smooth and particulate regions of membrane fracture faces, 
because both particles and subparticles coaggregate into a 
clearly delimited network, which leaves in between regions 
denuded of any rugosity, The proportion of membrane area 
which is occupied by aggregates of particles and subparticles 
varies, even within a given cell, from 30 to 70%. 

Ultrastructural observation of glycerol-pretreated cells 

è : è y i e 
demonstrates a patchy distribution of acidic ‘sites labelled 
by colloidal iron at pH 1.8 (Fig. 1B). This constrasts sharply 
with the continuous and uniform distribution of both con A 
receptors (Fig. 1C) and acidic sites ionised at pH 4.0 (Fig. 
1D). In control cells prefixed in glutaraldehyde, uniform 
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labelling over the entire cell surface is observed with all three 
reactions, as is illustrated in Fig. 1% for colloidal iron. Cells 
treated with ferritin, at pH 7.0, remain unlabelled. 

In view of the report that con A induces aggregation of 
membrane particles in plasmocytoma cells”, and the high 
agglutinability of pathogenic strains of E. histolytica relative 
to strains isolated from asymptomatic carriers’?, we studied 
the effect of con A on the distribution of membrane particles 
in pathogenie HK9 trophozoites. In our experimental condi- 
tions (5, 10, 20, or 100 ug mi~ con A, 30 min, 34° C) the 
lectin does not cause any apparent alteration in the distribu- 
tion of membrane particles. In addition, treatment of cells 
with con A does not result in redistribution of membrane 
receptors detected with the peroxidase—benzidine reaction. 
When cells are fixed after con A—peroxidase treatment, how- 
ever, the electron-dense precipitate is confined to a cell 
region containing the uropod, in a manner analogous to ‘cap’ 
formation in lymphocytes', as will be reported in detail 
elsewhere. Freeze-fracture examination of these cells does not 
reveal a corresponding accumulation of membrane particles. 

Our results demonstrate that glycerol treatment of Æ. 
histolytica cells results in marked aggregation of the mem- 
brane intercalated particles and in patchy distribution of 
acidic sites labelled by colloidal iron at pH 18, that glycerol 
induced aggregation of membrane particles is not accom- 
panied by a redistribution of acidic sites ionised at pH 40 
or of con A receptors and that con A receptors may redis- 
tribute independently of the membrane particles, 

Our observations indicate that the cell surface-membrane 
structure relationship in Æ. histolytica cells is not straight- 
forward. Although it remains possible that anionie sites 
labelled at pH 1.8 may correspond to the membrane inter- 
calated particles, no such direct relationship exists between 
either acidic sites ionised at pH 4.0 or con A receptors and 
the membrane intercalated particles. 

This work was supported in part by the California Division 
of the American Cancer Society. We thank Mrs M. de la 
Torre for cell cultures. 
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Platelet secretion induced by divalent 
cation ionophores 


SECRETION by platelets is stimulated by agents of diverse 
substances secreted include adenine nucleotides, 5-hydroxy- 
tryptamine and calcitum!. In many cells secretion seems to 
be mediated by the influx of Ca®* (ref. 2), but this mech- 
anism has not been demonstrated for all secretory systems 
and, in fact, no extracellular calcium is required for seere- 
tion by platelets. From kinetic studies of thrombin-stimu- 
lated secretion of ATP and caleium*+ we proposed that 
stimulus-secretion coupling in platelets is mediated by intra- 
cellular caletum. We have now tested this hypothesis with the 
divalent cation ionophores X-537A (Lasalocid, Hoffman-La- 
Roche) and A23187 (Lilly). These antibiotics increase the 
permeability of membranes to divalent cations and can 
perturb intracellular cation gradients*°, The probable mech- 
anism involves formation of lipophilic chelate compounds!’, 
If secretion by platelets were mediated by the intracellular 
release of stored calcium (or some other divalent cation) 
the 1onophores should disrupt the intracellular ion gradients 
and trigger secretion. This was the observed result. 

Secretion was observed as the release of ATP, which was 
continuously measured by the firefly luminescence method‘. 
The experiments were performed in the absence of extracel- 
lular Ca**, but addition of 1 mM Ca?‘ or Ca?* chelators did 
not affect the reactions. Both ionophores cause release of 
ATP with a time course that is nearly identical to that of 
concentration of ronophore (Fig. 
studies that show that A23187 is more effective as a calcium 
ionophore than is X5387A (refs 5 and 7). Since the rate con- 
stant for release (Fig. 1) and the amount released (Fig. 
2) are the same whether induced by thrombin or ionophores, 
the final steps in the multistep stimulus-secretion mechanism 
must be the same, In addition, no further ATP can be re- 
leased by thrombin after treatment with ionophores and, 
conversely, ionophores do not release additional ATP from 
thrombin-treated platelets. 

X537A and A23187 also cause release of calcium. We at- 
tempted to follow the kinetics of this release by the murexide 
dye binding technique? but this method gave spurious re- 
sults in this system. The apparent yield of calcium estimated 


2) is consistent with other 
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Vic. 1 Thrombin-induced and ionophore-induced secretion 
of ATP by washed human platelets. The preparation 
of platelets has been described before and ATP segretion was 
measured by the firefly luminescence procedure under con- 
ditions identical to those in ref. 4. A23187 was added as 5 
wl of an ethanol solution and X537A as 5 al of a dimethyl- 
formamide solution. Addition of solvents alone had no ef- 
fect. Thrombin was purified by the method of Gloyer and 
Shaw!! and had a specific agtivity of* 1800 to 2000 U mg?.e 
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ATP released 
(0a releasable by thrombin) 
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Fio. 2 Dependence of ATP secretion on concentration 

of ionophore. Yields are shown as percentage of ATP 

released by 4 U ml of thrombin from the same platelet 
preparation. a, A23187:; b, X5374A. 


from change in optical density of murexide was about twice 
the amount directly measured by atomie absorption. This 
error is probably due to binding of murexide to the mem- 
brane, a less polar environment. (We have measured large 
spectral shifts in murexide and ealcium-murexide in non- 
polar solvents such as acetonitrile-water mixtures.) Atomic 
absorption measurements indicated that after 2 min exposure 
to wonophore nearly all the platelet calcium was recovered 
in the supernatant. 

Interpretation of these results requires consideration of 
the known biological activity of these ionophores*-?°, X537A 
causes release of accumulated Ca?* from isolated sareoplas- 
mic reticulum vesicles and also induces contraction in intact 
muscle preparations®®, Both compounds have also been 
shown to cause secretion of histamine from mast cells, but 
only in the presence of extracellular calcium’, There is no 
evidence that 1onophores are capable of transporting ATP, 
and although X537A has been found to change the perme- 
ability of cells to monovalent cations or amines*-*-7, no such 
effect has been shown for A23187. In this regard, we also 
found that the K* ronophore valinomyein did not cause 
secretion by platelets. Thus the most likely effect of the 
ionophores in these experiments is to disrupt divalent cation 
gradients. Since this must involve intracellular ion, the 
results are consistent with the hypothesis of an internal 
calcium flux triggering secretion in platelets. We favour 
calaum as the active ion (ionophores also transport Mg?*) 
because of the well known role of extracellular caleium in 
secretion processes’. We therefore propose as a tentative 
model that there is an intracellular store of calcium analogous 
fo sarcoplasmic reticulum in muscle. It is this calcium that 
triggers secretion. Thrombin causes release of the calcium 
by a series of steps following binding to the membrane. 
lonophores by-pass the thrombin steps (just as they by-pass 
electrical stimulation in muscle preparations) and directly 
release the trigger calcium which causes secretion in the 
normal way. 

We thank Dr Julius Berger of Hoffman-La Roche and 
Dr R. Hosley of Eli Lilly for X537A and A23187, and 
Fred Friedman for technical assistance. This work was sup- 
ported by grants from the US Publie Health Service. 
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Urinary excretion of carnitine in 
progressive muscular dystrophy 


ABNORMAL fat metabolism in the museles of patients with 
progressive muscular dystrophy is one possible explanation 
for the aetiology of this genetie disease but the nature of this 
abnormality, if any, is not known. In dystrophie mice, the 
skeletal muscles affected are defective in oxidising fatty acids, 
but can increase synthesis’. In this disease, carnitine might 
be expected to be involved in the impaired fatty acid metab- 
olism, because it is of major importance in the oxidation of 
long-chain fatty acids as it transports them to the mito- 
chondrial sites where they are oxidised**. If there were 
a earnitine deficiency, fatty acid oxidation would be impaired, 
resulting in an excessive synthesis of triglyceride from un- 
oxidised substrate. To examine whether carnitine is involved 
in the pathogenesis of progressive muscular dystrophy, uri- 
nary excretion of carnitine was estimated in patients suffering 
from generalised muscular atrophy of various aetiologies. 

Twenty-four hour samples of urine were collected from 54 
patients; 39 with Duchenne-type dystrophy, 4 with facio- 
seapulohumeral dystrophy, 1 with lime-girdle dystrophy and 
6 with spinal progressive muscular atrophy and other dis- 
eases. As control subjects, 121 healthy men and 101 healthy 
women, aged from 8 to 45 yr, were studied. Carnitine was 
isolated from urine by Amberlite-120 (H*) ion-exchange 
eolumn chromatography and was determined by a modifica- 
tion of Friedman’s method’. 

The results are summarised in Table 1. In normal con- 
trols, there is an obvious difference between men and women, 
men usually having a higher excretion rate than women. 
The results also indicate low carnitine excretion in all 39 
boys and men with Duchenne-type dystrophy as compared 
with the control subjects (P < 0.001) and it is evident that 
carnitine excretion is significantly lower in all patients com- 
pared with controls, matched for sex and age. In these pa- 
tients, no significant correlation was found between carnitine 
excretion and the severity or the duration of the disease, and 
the level of serum creatine phosphokinase. Carnitine exere- 
tions of the patients with facioscapulohumeral or lime-girdle 


Tase 1 Urinary excretion of carnitine in healthy control 
subjects and in patients with neuromuscular diseases 


Carnitine excretion (mg d=!) 


Normal control male 121 57.7 + 9.6 
female 101 44.1 + 2.9 
Duchenne-type 


dystrophy 39 30.9 + 3.2 
Facioscapulohumeral 

dystrophy 4 59.9 60.5 61.8 63.4 
Lime-girdle dystrophy 1 44.7 
Myotonic dystrophy 2 29.2 58.6 r 
Spinal progressive 

muscular atrophy 6 


Amyotrophic lateral 


sclerosis 71.6 


General muscle cramp’ 1 36.8 





63.4 65.5 71.5 92.6 103.0 148.8 
kad 
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Fic. 1 Changes of urinary excretion of carni 
tients with Duchenne-type muscular 2 
control subjects before and after injection of = 
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intramuscularly at 0800 h on the first day of 
ment and then urine collections were made c 
for 3 d. a, Normal control; , men; 
Duchenne-type dystrophy, 
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dystrophy are within normal range. Six patients with spin: 
progressive muscular atrophy have high exeretions. | 
Figure 1 illustrates the effect of synthetic &* 
on urinary excretion of carnitine in the control a 
in the patients with Duchenne-type dystrophy. AX 
jection stimulated carnitine excretion im the con 
not in the patients. In other diseases, spinal p 
muscular atrophy and general muscle cramp*, AC 
jection did increase urinary excretion to the same 
that in the controls, ACTH has been known to ha 
lipolytic activity, but the mechanism whereby i pron 
cranitine excretion remains to be elucidated. 
Engel and Angelini? demonstrated m a myom 
excessive lipid that the patient’s muscle homog 
an impaired ability to oxidise long-chain fatty ae 
of the low levels of carnitine and that the change 
oxidation might occur after addition of carnitine t 
genates. ; 
The results reported here suggest that a similar 
state of carnitine exists in the muscles of | 
dystrophy but direct evidence is lacking, F 
tions are required to draw any definite concision a 
studies are now in progress in our laboratory. o 
We thank Dr M. Suzuki, Tokyo University of ] 
for helpful discussion, and the doctors at the Nat 
taga Hospital for their cooperation in this study 
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Early hominid ulna from the 
Omo basin, Ethiopia 


A NEARLY complete right ulna (Loe 40-19) was recovered 
by G. Eck in 1971 in Member E of the Shungura Formation 
in the lower Omo basin of Southern Ethiopia. It was found 
in a locality within unit E5 which immediately underlies 
Tuff F, the K-Ar age for which is 2.04 Myr'*. This locality 
has yielded other vertebrate fossils but no further hominid 
remains in spite of intensive searching, The lower limb of 
fossil hominids is much better represented than the upper 
and the remains that do exist are mostly fragmentary. This 
is the first early hominid forearm bone to be recovered in 
a state of completeness that will allow locomotor inferences. 
based on pelvic and lower limb material, to be correlated 
with good evidence from the upper limb. 

The specimen (see Fig. 1) has been damaged both before 
and after fossilisation and the surface bone has many linear 
eracks, some of which are more than 1 mm wide and are 
filled with matrix. The shaft is broken in five places and at 
the distal three sites it has been possible to reassemble the 
fragments. 


The ulna shaft is long and attenuated. It is curved, convex 
posteriorly, throughout its length. The sinuous curvature that 
is seen from below in modern human ulnae js scarcely detectable. 
The shaft. is triangular in section; distally the angles become 
less well defined. The interosseus border forms an irregular, low 
crest, which fades out at the level of the bony markings for 
pronator quadratus. It is unlike the accentuated crest of mod- 
ern human bones. 

The rounded medial border forms the blunt apex of the 
triangular shaft section. It begins as a low ridge from the medial 
side of the subcutaneous border of the olecranon and continues 
distally to a point just proximal to where the interosseus crest 
is no longer palpable. 


a 
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The posterior border begins as a crest at the apex of the sub- 
cutaneous area of the olecranon. The height of the crest di- 
minishes distally, and it is impalpable in the distal third of the 
shaft. The border is convex laterally near its proximal end but 
straightens distally, 

The anterior surface of the shaft lies between the medial and 
interosseus borders. It is damaged at the junction of its proximal 
and middle thirds; some surface bone is missing and some flakes 
of bone are depressed below the surface: this area probably in- 
cluded the site of the nutrient foramen. There are also cracks, 
parallel to the long axis of the shaft, probably produced by 
antero-posterior crushing of the shaft. The effect of these has 
been to accentuate the prominence of the medial border, The 
proximal end of the anterior surface is separated by an irregular 
ridge of bone from the triangular-shaped area just distal to the 
radial notch. This rough surfaced area js only very slightly 
hollowed, in contrast to the marked hollowing for the radial 
tuberosity in modern human bones. 

The postero-medial surface is bounded by the posterior and 
medial borders. It is curved convexly in its long axis and the 
distal end follows the spiralling of the shaft. 

The postero-lateral surface lies between the interosseus and 
posterior borders and is the least extensive of the three surfaces. 
Proximally it is flat from side to side and becomes more convex 
distally. It is marked by three oblique lines probably related 
to the attachments of the extensor and abductor muscles. A 
low ridge, accentuated by linear cracks in the bone. runs along 
the long axis of this surface, presumably marking the attach- 
ment of the deep extensor aponeurosis. 

The distal third of the shaft is more cylindrical in section. It 
is distinguished by a prominent curved crest of bone which runs 
between the anterior and postero-medial aspects, marking the 
origin of the pronator quadratus. 

The distal end of the specimen is expanded. It includes most 
of the head, but the posterior aspect of the shaft and the stvloid 
process are missing. The head bears a convex articular surface 
on its antero-lateral side for articulation with the radius. and 
a much smaller, less distinct, distally directed articular surface. 
These surfaces, seen from below, are crescentic. 

The proximal end of the ulna bears two processes, the 
coronoid and olecranon, and two articular areas, the trochlear 
and radial notches. Only the olecranon process has escaped sig- 
nificant damage. 

The proximal surface of the olecranon is marked, from above 
downwards, by synovial reflection, the triceps bursa and the 
triceps insertion. A crest separates the olecranon from the rough 
triangular, subcutaneous area of the proximal end of the ulnar 
shaft. The subcutaneous area is in line with the posterior border 
of the shaft; viewed from the side, it does not project posteriorly 
as it does in some non-hominid ulnae. At the medial border of 
the olecranon process is a pronounced tubercle for the origin 
of flexor carpi ulnaris and for the insertion of the posterior fibres 
of the medial ligament of the elbow point. Distal to the tubercle 
is a strongly concave area for the origin of flexor digitorum 





a 
Fic. 1,a, Superior view of Omo ulna (Loc 40-19): b, 
° . lateral vieW ; c, medial view. 





Tanl Length and curvature indices of Omo specimen and of ulnae of other higher primates 
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Homo Pan Gorilla Pongo Hyalobates . Omo 
Specimens | (=45) (=11) (=14) (=10) (=3) (Loe 40-19) 
Mean 250 291 346 367 249 315 
Maximum s.d. 19.0 14.8 38.5 24.8 23.0 a 
length 8.8, 2.8 4.6 10.3 8.0 3.500 
Relative Mean 12.0 14.5 2.5 16.0 24.9 13.0 
length s.d. 1.3 2.5 6.6 1.9 24 2-2  - vee 
index 5.8. 0.2 0.8 1.8 0.6 1.4 Ba 
Mean 7.2 11.0 1.4 81 3 4 o. 
Curvature sd. 1.1 1.4 1.6 1.1 0.2 ~~ 
index s.e 0.2 0.4 0.4 0.3 0.4 — 


profundus, The shaft does not project proximal to the olecranon 
process as it does in baboon ulnae. l 
C The eoronoid process is extensively damaged along its mar- 
gins. Its anterior surface, and the adjacent part of the shaft, 
are occupied by the ulnar tuberosity. The antero-medial side of 
the tuberosity is marked by a pronounced fossa for the insertion 
of brachialis. The lateral edge of the fossa is elevated and may 
be for a head of flexor pollicis longus. l 
The trochlear notch lies between the two processes, and 1s 
formed by two articular surfaces separated by a roughened area 
of bone. The proximal of the two articular surfaces is divided 
by a flattened central area into two nearly equal, slightly con- 
eave, areas for the flanges of the trochlea of the humerus. The 
distal articular surface on the coronoid process is incomplete 
and is divided by a ridge into a larger medial and smaller lateral 
surface. The lateral surface meets, at an angle, the laterally fac- 
ing, concave, radial notch. Both the notch and the supinator 
crest, that leads distally from it, are extensively damaged. 


Preliminary examination and comparisons indicate that 

this new fossil resembles in many respects modern human 
ulnae, but some features depart significantly from the modern 
human pattern. Morphological assessment has been supple- 
mented by measuring some 20 parameters. The same measure- 
ments have been taken on samples of extant higher primates. 
These samples are small in some instances but prove adequate 
for this preliminary study. Features divergent from the 
modern human condition include: 
(1) Length of the shaft. In the Hominoidea relative elonga- 
tion of the forelimb is generally associated with suspensory 
postures, and this is demonstrated by the intermembral index. 
That this elongation is largely due to lengthening of the 
forearm can be demonstrated by the brachial index>. The 
maximum length of this fossil ulna and ulnae of other higher 
primates are given in Table 1. Using the t test, the probability 
that the fossil specimen could be included in the Homo 
sample is low (P = <0.005). Limb lengths are only useful 
when related to total body size, but from indirect evidence 
there is no reason to suppose that fossil hominids were taller 
than the modern Homo sapiens populations from which our 
sample was taken. The maximum length therefore suggests 
an elongated forearm for this particular fossil hominid. We 
have attempted to measure relative elongation of an isolated 
ulna by using the index — 


Maximum shaft length (Martin® (1)) 
Olecranon to coronoid distance (Martin (7)) 


The results (see Table 1) show that relative length can be 
related to locomotor habit—suspensory forms have high 
values. There is so much overlap, however, between the 
ranges of Gorille and Homo that the significance of the 
fossil’s value is difficult to assess. 

(2) Dorso-ventral curvature of the shaft. The values for 
the curvature of the ulnar shaft, expressed as an index (Martin 
(4)), in which highly curved bones have high v&lues, are 
also given in Table 1. In general, curvature is more marked 
in knuckle walkers than in suspensory forms. Homo occupies 
an intermediate position. The curvature seen in the African 
apes is presumably a response of the ulnar shaft to stresses 
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peculiarly associated with knuckle walking, for Pe; 
a digitigrade forelimb stance, has a straight ulna 
of the index for this fossil specimen fails outside t 
range and within that of the knuckle walkers; the pr 
levels are P = <0.005 and P = 0.3 respectivi 3 
(3) Cross-sectional profile of the ulna s 
generally have a prominent interosseus border w 
that stresses on the interosseus membrane have 
the final shape of the modern human ulnar sh 
marked bony shelf is uncommon in other homi 
absent in this fossil. Its absence, combined with » 
ventral flattening of the shaft, may mdicate gi 
different patterns of stress than those seen im mo 
ulnae. It is possible that these differences are as 
changes in the relative bulk of forearm fexor n 
muscles comparable with the changes which T 
demonstrated between knuckle walkers and uma 
(4) Pattern of muscle origins and insertions. “ 
of muscle markings in the fossil broadly parallels 
in modern human ulnae, though two differene 
significant. The first is the flatness and lact of } 
of the ulnar tuberosity. The second is the weak di 
of the supinator crest compared with that of modi 
ulnae. Further specimens may be required to- 
whether these distinctions are merely the result of it 
variability, which is substantial in man and o 
primates, or whether they reflect genuine diffe 
development of the brachialis and supinator mu 
hominid. ? 
(5) Shape of the ulna head. Generally, the ere 
cular surface of the ulna head is more g0 
human ulnae than it is in this fossil. Even if tins 
significant, its functional implications are not cle 
Overall, the functional implications of these 
from modern human ulnae point to a relativel ! 
forearm and some morphological adaptations m the f 
not unlike those seen in modern knuckle walkers. 
Unfortunately the ulna is still one of the least 
represented parts of the skeleton among the earl 
Three specimens are known for certain. Tw 
fragments, one from Kromdraai (TM 1617) | 
East Rudolf (KNM-ER 1500); beth are sme 
Omo fossil. Their fragmentary state and the high mira- _ 
group and low between-group variability in ulnar morphology — 
in higher primates strictly limits their usefulness. 
OH, 36 ulna from Bed II Olduvai Gorge, Tanzania is 
complete apart from its distal end. As judged by the positions 
of structures that are common to both ulnae Hs relat 
length is shorter by approximately 5% than the Omo spe 
and its maximum length is approximately the sa 
Omo ulna. dt is also more curved. The signifie 
differences between the two fossils must await th 
assessment of both specimens. 
It is clear that the affinities of the Omo fossil 
the Hominidae. Mandibular and dental remains o: 
have beenefound at 11 localitfes within Member T 
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Shungura Formation. All, or nearly all, of this material seems 
to represent a robust australopithecine, but there are still no 
known associations of cranial and dental and posteranial 
parts of this hominid in most of the Omo succession. It is 
dificult, therefore to determine the taxonomic affinities of 
this specimen. It seems to us that any such judgment must 
rely strongly on morphological features, and to a lesser ex- 
tent on the functional capabilities inferred from them. These 
can then be related to existing hypotheses about the loco- 
motor patterns of early hominids. 

There is increasing evidence from other early hominid post- 
cranial remains, from South and East Africa, that the mor- 
phology of robust australopithecines differed significantly from 
that of Homo, This is now shown more elearly by 
material, recently announced, from East Rudolf, which is 
very like Homo and carries this dichotomy probably baek 
beyond 2.6 million years!’ Consequently, in view of the 
differences between the Omo fossil specimen and modern 
human ulnae, we feel that this ulna is probably that of a 
robust. australopithecine and should be referred to Austral- 
omthecus boiser. 

The relative elongation and the presence of certain features 
suggestive of a role in body support in this fossil do not 
necessarily mean that this creature used habitual suspensory 
postures or that it knuckle walked. Both these suggestions 
have been put forward, the first by Robinson'?, and the 
second by R. E. F. Leakey'* in connection with a hominid 
humerus (KNM-ER. 739) from East Rudolf. Tuttle, and 
others before him, have cogently argued that knuckle walk- 
ing is a specialised means of fore-limb propulsion and support 
developed as a consequence of an arboreal form subsequently 
adapting to a terrestrial hfe. The morphological and func- 
tional evidence seen in this specimen is insufficient to infer 
such a specialised locomotor adaptation for this hominid. 

Field researches of the Omo Research Expedition in south- 
ern Ethiopia have been supported by grants-in-aid (to F. C. 
H.) from the National Science Foundation. F.C.H, expresses 
his gratitude to the government of Ethiopia for the necessary 
authorization for this work, and in particular for the assistance 
and support of the Department of Antiquities which have 
made possible interdisciplinary studies in the lower Omo 
basin since 1966. 
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The effect of prostaglandin F= on ovarian 
blood flow and corpora lutea regression in 


the rabbit 


IN many species luteolysis is dependent upon the presence 
of the uterus and an intact utero-ovarian vasculature. The 
occurrence of prostaglandin Fae (PGF) in uterine tissue, its 
specific venoconstrietor properties and its ability to induce 
luteolysis exogenously, led to the hypothesis that its release 
by the uterus might cause luteolysis by constricting the uterine 
and utero-ovarian veins and reducing ovarian bloood flowt. 
The observation that total ovarian venous outflow fell dur- 
ing infusions of PGF in rats and rabbits (after laparotomy 
and ovarian vein cannulation) supported this hypothesis. A 
subsequent investigation using similar methods failed to con- 
firm this in rats?. Experiments in sheep with ovaries and 
uterus transplanted in toto to the neck produced no un- 
ranwo al evidenee for a drop in ovan poge flow SOLO WINE 
anaded?: With oeine toes eae an ein 
m ovarian blood flow occurred?. 

In rabbits from mid gestatron to near term, the corpora 
lutea, receives about 80% of the total ovarian arterial flow®. 
It is therefore possible that a substantial decrease in corpora 
luteal blood flow could be effected by regional redistribu- 
tion of blood within the ovary without affecting the total flow. 
Novy® used radioactive microspheres to measure ovarian 
blood flow distribution in pseudopregnant rabbits and observed 
a 25% reduction in luteal flow on injection of PGF. intrave- 
nously. No significant alteration in total arterial ovarian blood 
flow oceurred. In three sheep, which were not pregnant, 
corpora luteal blood flow, measured with radioactive miero- 
spheres, fell within 5.5 h from the start of a PGF infusion 
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Fic. 1. Effect of PGF infusion on peripheral plasma 


progesterone (@) and corpora luteal blood flow (O). 

Mean values with standard error and the number of ob- 

servations are shown. The number of rabbits injected with 

microspheres at each time from the start of infusion is 

shown in brackets. Corpora luteal blood flows at time zero 
were determined by Abdul-Karim and Bruce®. 
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POIANA DOO RAAEN AAAA EATE EAEAN : f 


TAanLek ł Ovarian blood flows (ml per min per 100 g (mean + s.e.)) 


after 250 ag ho PG Fo. aren intra-arterially 
Cor pus Total 
Infusion time N luteum Stroma ovary 


zero % LISS 4+ 212 127 + 9 435 + 59 
5-30 min 11 HIFI + 196 G74 - Q4* SOO + 123 
2-8 h & F 60 + 2475 472 + 62%. 725 + 127 
24 h and 

delivery a 689 + 109 202 + 42 327 + 30 





* significantly aS than zero time cantrol (P < 0.005; iest) 


into the uterine vem’, Luteolysis itself may affect the rate and 
distribution of ovarian blood flow. We therefore investigated 


the effect of PGF. on the chronological order ‘of changes 
in ovarian blood flow and its distribution to test the 


hypothesis that alterations in these parameters may pre- 
cede induced Inteolysis. 

Twenty-nine pregnant rabbits were used. The dav of 
mating was denoted as day 0 of gestation. PGF. (5 mi h) 
in saline solution was infused in 27 and saline alone in 2 
rabbits through an aortic catheter introduced through a 
femoral artery, the tip being 4 em above the origin of the 
ovarian arteries, The dose of PGF... was 250 ug h which 
induces labour in unanesthetised rabbits’. Anaesthesia was 
induced and maintained by an initial dose of 30 mg ke! 
sodium. pentobarbitone and further small intravenous injec- 
tions until the injection of microspheres as previously de- 
scribed’. When the infusion of prostaglandins lasted mare 
than S h, sodium thiopentone anaesthesia was used for the 
initial placement of the infusion catheter; the rabbits were 
then allowed to recover and were ansest hetised with sodium 
pentobarbitone about 1 h before the microsphere injection. 
In prelimmary trials, these procedures had little effect on 
ovarian blood flow. About 100,000 mierospheres 25am in 
diameter labelled with *Se were injected into the left 
ventricle over 30 s, at various times after the start of the 
infusion (Fig. 1). Arterial plasma progesterone concentra- 
tions were measured before and during infusion with a 
radioimmunological method based on that of Thorneyeroft 
and Stone!® using petroleum ether (Mallinkrodt 30°-60°C 
Nanograde) instead of diethyl ether. The blood flow measure- 
ments were made on day 2S of gestation except in the two 
rabbits infused with saline (day 29 and 30). After the 
microspheres were injected, the rabbit was killed and the 
position of the infusion catheter was checked. The ovaries 
were separated into luteal and stremal components, weighed 
and measured for radioactivity to determine blood flows’. 

Arterial blood pressure did not alter significantly during 
the infusion of PGF, saline or during microsphere ad- 
ministration. There was a significant fall (P < 0.01; t test) 
in peripheral plasma progesterone within 2 h of the start of 
PGF... mfusion (Fig. 1). This fall continued to delivery. 
The corpora luteal arterial blood flows were combined into 
three groups, those mensured before the fall in plasma 
progesterone (5, 15 and 30 min after the start of PGF.,. m- 
fusion), those measured after a significant decline in plasma 
progesterone (2, 4 and & h) and those measured at 24 h or 
at delivery (Fig. 1). Blood flows in five control rabbits which 
were not infused’? are also shown. There was no evidence of 
a decline in corpora luteal blood flow for at least 8 h after 
the start of PGF,. infusion. 

Even at 24 h, the mean flow was 825 + 172 (s.e.) ml 
per min per 100 g {n = 4) or 71% of the control value. A 
substantial fall, to 552 + 115 ml per min per 100 g was 


observed only in the four rabbits infused with PGF to 
delivery. No difference was noted between flow rates in two 
rabbits receiving microspheres at delivery and one each at 


0.5 and 4 h after delivery. Corpora luteal blood flow was 


~ 1,590 and 817 ml per min per 100 g in the rabbits infused 








30 and 60 mim following delivery, 

fusions for 62 and 100 h respectively. a ue Hime pls mi 
progesterone was low (3.1 and 44 ng mi}. Table 1 shows 
corpora luteal, stromal and total ovarian ne ial blood fe 
Prostaglandin Fæ infusion had a rapid large effect on o 


with saline at 

















stromal flow. Five minutes after the start of infusion | 
rose from a control value? of 127 + 9 (n = 5) ta 987 3 
(range 609-1330) ml per min per 100 g {a = 4: 


flow remained high for at least 8 h of infusion but 1 
to near normal at 24 h. When divided in the sar 
corpora luteal blood flows, stromal flow was stg i 
greater between 5 min and & h infusion of PGF m 
24 h or delivery. Changes in total ovarian TA fs 
corpora luteal blood flows were not statistically si 

We conclude that in the rabbit luteclysis mx | 
PGF is not preceded by a biologically sigmficant rex 
tion in the arterial blood flow to the corpora 
mechanism of action Hes elsewhere. The rise in ovania 
stromal blood flow, also observed by Novy im pseudopreg 
nant rabbits® is mtmguing. In our expe riments it was 
cated with a transitory decrease in plaecental ble 
and an increase in vaginal and cervical flow (N3 
K.H., unpublished). Whether the eirculatery chat 
stroma act indirectly to initiate luteolysis remaima spetti 
but a direct effect of PGF on corpora luteal tissue 
be considered. 
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Placental transfer of asbestos 


ASBESTOS fibres have been reported to penetrate the wig 
of the stomach and intestine of animals”. Harber w kog 
this institution showed that asbestos fibres can pass toru 
the walls of the digestive tract and travel throug! 
body, Additional work with neutron-activated 
als so eas that eat could cross leg aa 
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T ABLE I As De: 


Total asbestos nperi 


Rat No. intravenously (mg) Number of foetuses (x 108) 


m E rats injected with ‘asbestos. 





F metal lives fibres g~! Foetal uii fibres oe | 


(X 10°) 
Experiment. 1 
1 Q 13 Q Q 
2 0 li ü 9 
3 0 12 1.38 1.52 
4 0 li Q 0.23 
5 g* 1] 2.83 1.00 
6 9g* 14 2.93 1.25 
7 12 12 27.08 139.97 
g 12 13 18.34 1.26 
Experiment 2 

9 0 13 (Q 0 
10 ü 16 () 9 
11 Q 12 0 0 
12 0 16 0.45 0 
13 4 12 7.59 0.14 
14 4 10 () 4.32 
15 4 7 3.95 0.38 
16 4 8 1.38 1.38 
17 10 9 2,67 1.33 
18 10 i4 100.12 2.90 
19 10 S 39.32 0 
20 10 § 5.63 3.91 






























© placenta but that the extent to which this occurs is highly 
variable, 

The same chrysotile asbestos preparation used in earlier 
work®+4 containing approximately 10 x 10 fibres pg was 
- injected into the femoral vein of 300 g pregnant Wistar rats 
= at levels of 1 to 3 mg (1 mg ml! water) at 2 d intervals 
beginning on the 10th to 14th day of gestation. The foetuses 
: were removed by Caesarean section on the day before parturi- 
ction to ensure that they did not inhale any asbestos fibres. 
To prevent cross contamination of the blood of the mother 
with the tissues of the foetuses the rats were killed by mhala- 
tion of ether and the foetuses within their intact amnionic 
sacs were removed from the uterus. Upon removal of the 
- amnionic membranes the foetuses were opened and the lungs 
~ and livers saved for asbestos analysis. The livers from two 
=- foetuses (about 0.2 g) and the lungs from three (about 0.4 
g) from each rat were analysed by previously described 
techniques‘. 

In the first experiment four rats received 3 mg doses of 
asbestos. Two of these received 12 mg before they were 
, ees but the other o bore young about 2 2to3h after 


“ipjéction, TreaT PE EnS diated th a shine doses 
- were usually fatal with the rats showing difficulty in breath- 
ing. This may be related to the large amount of intra- 
venously injected asbestos which initially lodges in the lungs’. 
Extremely high values were recorded in the foetal liver and 
lungs from rat 7 and foetal liver from rat 8 (Table 1) but 
oo. the level of asbestos fibres in the foetal tissues from rats 5 

~~ and 6 were close to the higher values in the control rats, For 
this reason a second experiment (Table 1, experiment 2) was 
conducted in which four rats again served as controls, four 
rats received four 1 mg injections of asbestos and four rats 
received five 2 mg injections. 

The eontrol values were quite low in this experiment with 
all but one falling below a detection level of one fibre on 10 
< electron microscope grid squares equivalent to 0.45 x 10° 
-fibres g> in liver or about half this amount in lungs. Foetal 
liver and lung samples from rats receiving asbestos were 
again quite variable with extremely high vabues recorded in 
the livers of several rats. Such vasiable results are very 
difficult to analyse statistically but the high values are quite 
important in that they could result from a breakthrough ef 
asbestos fibres in the placentas of Some foetuses, A Jarge 
inflow of asbestos into the blood of one foetus would probably 
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* Young were born about 2 h after the third injection but. were killed immediately. 


raise the asbestos level in all its organs. This is not evident 
from the present data as the livers and lungs analysed were 
selected at random and could have come from different 
foetuses in the same uterus, It is possible that the extremely 
high values in livers of foetuses of rats 18 and 19 are the 
result of one or more particularly large asbestos fibres break- 
ing through an opening between the maternal and foetal _ 
ereulation in the placenta allowing many smaller fibres to - 
follow im its wake. It is also possible that a large number of 
small fibres piercing the placental membrane could destroy 
one or more vital cells resulting in a disruption of the mem- 
brane. If this were the case and there was an intermingling 
of the two circulations this could suggest an additional hazard 
of asbestos fibres. 

We conelude that the number of very high values recorded 
in the rats injected with asbestos compared with very low 
levels in the controls in the two” experiments adds consid- 
erable evidence to the theory that asbestos fibres can cross 
the placenta. The way in which this occurs, however, by 
individual penetration, by a mass breakthrough or both has 
yet to be determined, 
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Magnetic field perception by 


electroreceptors in Black Sea as r 
Tue perception of the Earth’s magnetic field by vertebrates ~ 
for grientation purposes has been discussed for over a 

century!-*, New approaches to this, still unsolved, problem | 
were made after the lateral line of some fish species was- 
shown to contain electroreceptor structures’ *. The great _ 
sensitivity of these structures to electrical stimulation sug- 
gested that they may be an apparatus for detection. ‘of a. 
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Fic. 1 Responses of the neurone in the area acoustico- 
lateralis of the medulla oblongata to magnetic stimuli of 
various intensities and opposite directions arid to electrical 
stimuli of opposite polarities. Magnetic stimulus: 1, 80 
gauss si; 2, 36 gauss s1; 3, 9 gauss s1. a, South direction ; 
b, north direction. 4, Responses to electrical stimulus of 
3x 10-9 A mmr?. a, Cathodal stimulation; b, anodal stimu- 
lation. Time bar is 500 ms. Record of magnetic induction 
is 80 gs. 


changing magnetic flux and thus have a role in fish orienta- 
tion by means of the Earth’s magnetic field*~*. The possibility 
of magnetic perception by animals having the electroreceptor 
apparatus, has been shown in behavioural experiments®?°. 
No direct neurophysiological data on this problem are avall- 
able so far. | 

To investigate this problem we carried out experiments on 
the Black Sea skates (Trigon pastinaca), which have a well 
developed electroreceptor apparatus of ampullae of Lor- 
enzini#¢1, In our experiments, the single unit activity in 
the area acoustico-lateralis of the medulla oblongata was re- 
corded with glass microelectrodes. Responses to electrical 
stimulation, as well as to the changing magnetic flux through 
the fish, were studied. Electrical stimuli were applied through 
the pair of silver electrodes placed on the skin of the fish. 
Magnetic stimuli were caused by a linearly increasing current 
of different characteristics, passed through the winding of 
electromagnet. | 

Our experiments showed that the changing magnetic field 
penetrating the fish evoked the response of neurones in the 
area acoustico-lateralis (Fig. 1), whereas the constant magnetic 
field failed to influence the electroreceptor system. The 
characteristic of the response to the changing magnetic field 
is dependent on the direction of the field; the intensity of 
the reaction is due to the rate of change of the magnetic 
field. The responses to magnetic stimulation could be recorded 
only in these neurones connected to the electroreceptor sys- 
tem which could easily be recognised by the responses of the 
neurones to electrical stimulation (current density thres- 
holds were in the range of 10° to 10° A mm-*). 

The smallest change in the magnetic field evoking a neuronal 
response was found to be 2 gauss s+, obtained on a neurone 
showing no spontaneous activity. Apparently, this value could 
be reduced by improving the functional state of the animal. 

The comparison between the magnetic flux change ob- 
served in experimental conditions and that which occurs dur- 
ing natural fish movements (both linear and turning) shows 
the possibility that the Earth’s magnetic field may be per- 
ceived by electroreceptor apparatus of ampullae of Lorenzini. 
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Is polymorphism in two-spot ladybird 
example of non-industrial melanism? 
















Tue polymorphism exhibited by the two-spot ladybird, A 
bipunctata Linn., in which specimens have a red g 
colour and black spots (the typical morphs) or a black 
colour with red spots (the melanic morphs} is a wer 
phenomenon. The reasons for the existence of th 
morphism, however, are not well understood. Anal 
situation in some melanie Lepidoptera, such as Be 
laria Linn), is unacceptable as it would seem that : 




























predation by birds upon the morphs which blend les 
with their surroundings would not operate upon A. È 





tata. Ladybirds are distasteful, have a distinctive se 
warningly coloured and therefore are avoided by ve 
predators® +. 

Studies of the frequencies of the morphs of A. ope 
in Great Britain have been undertaken by © 
postulates that the distribution of melantes is relat 
dustrial pollution and speculates that some, as yet un 
fied, component of the polluted atmosphere i toxic to fh 
typical morph. This explanation is not altogether satisi 
however, for example, melanics seem to be non-existent i 
central and eastern London, and were present at a very (08 
frequency before smoke control regulations were introduged 
Furthermore, there are high frequencies of melanics im 
areas of north-west England. Specimens of the melanie 1m 
were collected as early as 1696; 150 yr before th 
records of industrial melanism in the Lepidoptera”. 
reasons, together with the absence of an identifier 
toxin, we re-examined the alternative hypothes , 
that a climatic factor, in particular solar radiation, - 
determine the melanie frequency. 
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while melanism related to seasonal temperature variations bas 
been demonstrated in an aphid**. Measurements of the 
metabolic rates of samples of A. bipunctata (containing | 

typical and melanie morphs) showed that in the dark oxyg 
consumption rose from 175 pl per g live weight per | 
10° C to 296 ul g at 15° C, 721 wl g> at 20° C and 
ul g> at 25° C. Thus, even a small rise im tempe ature 
causes an increase in the metabolic rate of the msect, Pairs 
of melanic and typical insects were enclosed in tubes and 
chilled in ice for 30 min. Their movements were then re- 
corded over a period of 12 min immediately following their 
introduction into an arena containing a 25 mum grid. Measure- 
ments of their activity were made at two temperatures, 5° © 













Tase 1 The activity of melanie and non-melanic forms ef 4. 
bipunctata measured as the number of 25 mm squares è 
” 12 min 


Temperature (°C) 








Melanie (",) 





1100 
1200 


1200 1300 1400 
1300 1400 1500 


Mean annual sunshine th) 


¿1600 


1500 
1600 


<1100 


Fic. 1 Percentage of melanics in each ‘sunshine class’. 


and 7.5° C. Illumination was provided by a 100 W lamp 
suspended above the arena. The melanie insects showed 
greater activity at both temperatures (Table 1). 

In view of the effect of illumination on activity, we believe 
that a lack of sunshine is the principle factor in the selection 
of the melanic morphs. The higher level of activity attainable 
by the melanic morphs will give them considerable competi- 
tive advantages in the search for food. This is especially true 
in areas where sunshine levels are low enough to reduce the 
period of activity to a point where it becomes a critieal factor 
in the life of the insects. We have found that related species 
require warm, sunny conditions for mating and egg laying" 
and the same may be true for A. bipunctata. Thus, in locali- 
ties with low sunshine levels, the mating and egg laying 
activity of the melanie morphs may greatly exceed that of 
the typical morphs. Smoke pollution may be expected to be 
a secondary factor in the determination of melanic frequen- 
cies as it will reduce the incident solar radiation in some areas 
to the critical level. 

We have estimated the mean annual sunshine hours for 
the sites listed by Creed*:* from records for the years 1921-50 
(ref. 15). The sites were then placed in ‘sunshine classes’ 
representing 100 h increments in the annual total. The % of 
melanics in each sunshine class was calculated from the 
numbers of the different morphs at each site. The results 
(Fig. 1) show a very close relationship between melanic 
frequency and annual sunshine hours. A correlation between 
melanie frequency and sunshine level at each site shows a 
highly significant negative correlation (r = —059, P = 
<0.001). 

It seems that a re-examination of the theory of industrial 
melanism, as applied to A. bipunctata, is justified. 
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Changes in the plankton community 
of the Western English Channel 


Marine biologists and oceanographers will probably be 
familiar with the story of the biological and chemical changes 
that occurred in the Channel waters off Plymouth during 
the 1930s: a summary of how the plankton community 
altered, the numbers of voung fish declined, adult demersal 
fish became scarcer and herring were replaced by pilchard 
can be found in many textbooks. The most striking feature, 
and one of the first to be detected, was the changeover 
from a plankton community characterised by the chaetognath 
Sagitta elegans and associated ‘plankton indicators’ to a much 
poorer community characterised by Sagitta setosa”. 

Since 1965, signs of a reverse change in biological con- 
ditions have been evident, and reports on the striking im- 
provement in the numbers of young fish since then have 
already been published*-*, By 1970 the numbers of the 
copepod Calanus during the spring peak of zooplankton 
(May and June) were equal to tite found in 1930 (ref. 6). 
From 1933 to 1971, however, Sagitta setosa remained the 
dominant chaetognath in the weekly samples taken off 
Plymouth; S. elegans was either completely absent or oc- 
easionally present in very small numbers***, although in 








Fic. 1 a, Seasonal changes in the abundance of S. elegans 

(as numbers per standard haul of a 2 m net at station L5) 

in 1930-32, and, b, the proportion of S. elegans in the mixed 

population of S. elegans and S. setosa (redrawn from 
Russell). 
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Fic. 2 a, Seasonal changes in the abundance of S. elegans 

(as numbers per standard haul of a 2 m net at station L5) 

in 1972-73; b, the proportion of S. elegans in the mixed 
‘population of S. elegans and S. setosa. 


the later years after 1958 it was slightly more common in 
mid-channel and to the west®+*. 

It is therefore of great interest to report that in 1972, 
for the first time since 1932, Sagitta elegans was found in 
considerable numbers off Plymouth, even at inshore stations, 
and that in 1973 it was even more abundant and was the 
dominant species at the Eddystone station (L5) for 5 months. 
Over the period May to August inclusive, ©. elegans was 
present in numbers equal to or greater than those recorded 
in the 1980s (Figs 1 and 2). The agreement between the 
results of weekly sampling in 1930-32 and more recent re- 
sults is not complete, especially with regard to the propor- 
tions of the two species in certain of the months. The recent 
samples are collected with a net of very slightly narrower 
meshes, which retains more of the smaller sizes of chae- 
tognaths: the total numbers of S. elegans (Fig. la and Fig. 
2a) are somewhat greater, and their proportion in the com- 
bined chaetognath ‘population (Fig. 1b and Fig. 2b) some- 
what less than in the earlier period. Although the 1972 
and 1973 samples did not show the spring peak of S. elegans 
found in 1930 and 1931, there were clear signs of a recur- 
rence of this peak in 1974 and therefore the seasonal trends in 
abundance agree quite well, 

That this return of S. elegans is not an isolated change 
is shown by the occurrence of the medusa Aglantha and 
the siphonophore Nanomia during the recent summers when 
S, elegans was abundant. Furthermore, m winter the eu- 
phausid crustaceans Megan. ryctiphanes and Thyssanoessa have 
been taken in night samples to the west and south-west of 
the Eddystone. A combination of all these north-western 
plankton indicators? with large numbers of Sagitta elegans 
has not been observed off Plymouth in any year since 1930 
(ref. 17). Other indicators, such as the pteropod molluse 
Spiratella retroversa and the larvae of the starfish Lidia 
sarsi have been abundant at certain times in the past few 
years, while warmer water species have become scarcer. 

The recent evidence thus reinforces the view that the 
biological reversal reported in 1971 (ref. 6) was not a 
minor fluctuation but part of a much longer trend. It also 
seems that the order of the changes is being repeated in- 
versely. Thus, in 1930-35 the replacement of S. elegans by 
3. setosa was followed by a decline in numbers df young 
fish and other macroplankton, and later by the appearance 
of large numbers of eggs of pilehard during the summer. 
In the more recent period a reduction in the summer 
pilchard eggs has been experienced since 1963, the young 
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numbers of the nese 
peak in 1970: only now, m 197. 3 18 ee a real a 
of S. elegans. An analysis of the corresponding hydre 
changes during the past ten years is being made 
















the pce E in nae eee paters cle the th 
in the past 2 yr have been the lowest ree OF sd = 
1920s. 

It could be suggested that what we hive L 
off Pinout, since pte 1920s 18 ble of: 


Sagitta ie: seems to ae SoN Ie fret ar the i 
species to show the change and the last to ret 
gesting that in some way it could be more 
the causes of the fluctuation. Therefore a continued mo 
ing of this species and its associated ‘indicators’ mos 
helpful in detecting future changes in the ecosystem of 4 
western Channel, whether naturally indue ed or of € 
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Microorganisms participate in the 
construction of manganese nodules 
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than a 100 years (for Basa a i ee 2). 'Athou ; 
graphs have revealed that some organisms attach th 
to Mn nodules on the deep seafloor (for example, ret 
Tee: were apparan POES nor E to 


ace ‘of an ultrast ructu ‘al exä mination of Mn a Les 
several groups of organisms are active in their consira 

I have found that: (a) numerous shelter-building i oe 
reside on the surface of deep-sea Mn nodules; (b) bes 
foraminifera of the genus Saccorhiza attach Mn micronoe 
to the surfaces of macronodules as part of their tube-buy, 
activities; (c) some tubes of Saccorhiza and other b 
organisms afiginally constructed on nodule suris 
buried and preserved (not replaced} within the im 
nodules; (d) other organisms on nodule suriace 
structures that contain large amounts of Fe and X 
pounds; (e) biologically derived structures cover large: 
tions of surfaces of all the seventy-one nodules from, the 
Pacific Ocean basin that I have txamined so fat. 





BROKEN DOME 
i CONNECTING TUBE 
UNBROKEN 


DOM 


Fie. 1 Micrographs of nodule surface structures (oblique 
reflected light was used on all photographs except (a) 
which is from scanning electron microscopy). Small tube 
and dome structures (a) have very little contrast with the 
general nodule background. These structures occur mn 
patches, or active regions, and are internally clean and 
empty. Structures near the borders of active regions ure 
filled with a secondary matrix. One dome ts ruptured and 
vacant while a second dome is intact. Massive, white, spined 
body is presumably a sponge (b) which is a 
trail (marked) rich in Mn. The trail clearly proceeds from 
the nodule surface across the white mass and back onto 
the nodule surface. The arrow shows where a portion of 
the trail was removed to confirm that it is not the noduli 
surface protruding through the white mass. The organism 
responsible for this trail may be important in modifying 
the existing nodule surface by depositing or redistributing 
sheets of manganese oxides. Broken, partially infilled and 
partially covered Saccorhiza tubes (c) have some infilling 
material that appears to be pre-existing micro-nodules 
cemented in place by the tube builder while some appears 
to have been deposited in place as smaller tube and dome 
structures. This should be compared with the undamaged 
tube in (d). The smaller white tube (d) should be compared 
with Fig. 2. 


across 


Most organisms potentially important in the origin and 
development of nodules are microscope (<0.5 mm across). 
They create fragile primary structures that are usually 
destroyed by any but the most careful collection process, 
partly explaining the lack of study of the organisms until 
modern sampling devices made possible recovery of un- 
disturbed nodules. 

The structures discussed here are mostly tubular or dome- 
shaped. The larger tubes are made of ferromanganese micro- 
nodules, mineral grains, radiolanan fragments and sponge 
spicules, and are identified tentatively as the remains of ag- 
glutinating Saccorhiza. Some of the smaller tubes and domes 


also seem to be agglutinated particulates. The smallest 
structures I have observed are hollow opaque tubes and 
domes, rich in Fe and Mn (Fig. la). Scanning electron 


microscopy suggests that these structures are precipitated 
in. situ; they are dark reddish brown in reflected light, com- 
pared with dark brown or black for other spheroids on 
the surface of nodules. There is evidence of other microscope 
life forms on nodules (Fig. 1b). In some regions of the nodules, 
particularly the bottom surfaces, thin, fragile, transparent 
membranes form large (1-100 mm?) canopies *under which 
there is no sedimentary debris. (Other evidence®of tife forms 
will be detailed elsewhere.) ° 

Some Saccorhiza tubes had formed on all the nodules I 
examined. The tubes are often broken open and the re- 
maining fragments partially filled +or° covered by ferro- 
manganese hydroxyoxides (Fig. Ic). Some of *the infilling 
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material seems to have formed in situ, and often has a 
distinguishable tube and dome structure (Fig. la). These 
observations suggest that the remains of the organisms in- 
habiting the nodules are incorporated into them as they 
grow, and that Mn micronodules agglutinated to 
come part of the nodule. 

If the structures produced by the organisms are preserved 
within the nodule, they would contribute to the overall 
growth of the nodule. The extreme of this hypothesis would 
be to consider nodules as a superstructure of surface-deposited 
tubes and fragments, within which would accumulate 
micronodules and matrix deposited organically or inorganically. 
To test this hypothesis, thin unsupported cross-sections of 
nodules were prepared, Opaque metal hydroxvoxides were 
leached away, leaving a fragile, nearly white framework of 
the original section (details to be presented elsewhere), Ex- 
amination of this skeleton confirmed that preserved tubes 
are abundant inside nodules (Fig. 2). Preserved sections of 


are þe- 


complete tubes of Saccorluza have been found, and as- 
semblages if mineral grains of the appropriate size and 
arrangement are frequent. Fewks* and Sorem® have de- 


seribed features that are probably cross-sections of Saccorhiza 
tubes. 

The prest rved tubes seem to alternate with the concentric 
rings seen m Fig. 2, indicating that the onion-like structure 
of the nodules Is a consequence of the particular type of 
remnant structure present. Alternatively, the zoning may 
be a result of diagenetic alteration of the nodule, perhaps 
under the influence of the microenvironment whieh is con- 
trolled by the presence of the tube material. 

No leaching agent has been found that does not remove 
the Fe and Mn rich tubes and domes, and so direet observa- 
tion of these structures has been impossible It seems that 
they either not preserved within the nodule (being 
altered into general matrix material) or become filled with a 
substance so chemically similar to themselves that leachants 
able to remove the filling also dissolve the structure. 

The fragile remnant structure includes more than tubes 
and domes: there are globules of clay, thin stratiform sheets 
and many rather large (~0.1 mm) mineral grains. ( Adja- 


aro 


cent stratiform sheets can be confused with longitudinal 
cross-sections of tubular structures.) 
The localisation of tubes and domes on parts of the 
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Fic. 2 Photomicrograph of tubes preserved in interior of 
a nodule and exposed by leaching. Leached material is 
nearly white, with no contrast so that dark-field photog- 
raphy was necessary, accounting for the poor contrast. 
The exposed tubes should be compared with those of 
Fig. ld (arrow). Note the relationships of tubes and in- 
completely leached dark concentric rings shown in this 
cross-section. 
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j the Une o aaa. Most areas, genie “yield no 
unfilled structures and are assumed to be ‘dead’ with respect 
to the relevant organisms. The greatest abundance (up to 
complete surface coverage) of ‘active’ structures occurs in 
regions of nodules believed to be near the sediment-water 
interface, suggesting that this type of growth could be re- 
sponsible for the equatorial. bulges im some nodules. Al- 
though all nodules investigated have had ‘active’ structures, 
‘dead’ nodules with no discernible external biological pro- 
duced surface structures, yet containing preserved tubes, 
might be expected. 

It is unclear how the preserved structures were filled. 
Ehrlich et al. (ref. 6 and references therein) have adduced 
evidence that bacteria could play a role, but it is often 
suggested that slow, continuous morganic precipitation of 
Mn and Fe is widespread on es ocean Sha leaving open 
the possibilty that the inflling = inorganic. The 
similarity of concentration ratios of sev est elements in ad- 
jacent sediments and nodules? indieates that the deposition 
of the metal-rich phases in both nodules and sediments 1s 
similar, whatever the process, 

Graham suggested that Mn nodules were of biological 
origin when be detected organie material in Mn crust from 
the Blake Plateau. He and Cooper® also suggested a biological 
origin for the ‘manganese-rich’ deposits of the seafloor, citing 
their observation of Mn coating on samples of arenaceous 
foraminifer skeletons from the Atlantic Ocean. The sug- 
gestions have remained unproven, principally because Graham 
and Cooper were unable to rule out contamimation with 
organic matter or morganic precipitation of Mn. Glasby and 
Hodgson’? concluded from the low concentrations of organic 
pigments that organie influences were minimal in the for- 
mation of Mn deposits taken from the Indian Ocean. There 
ig, however, no reason why structures such as I have found 
should eontain significant concentrations of such pigments. 

The abundance of biological structures o eaeh 
nodule strongly git that the growth of deep-sea Mn 
nodules is aided by the activity of a diverse community of 
microorganisms. In an otherwise mushy environment, thev 
build a solid superstructure within which ferromanganese 
oxides can accumulate. 

This scheme fits well with reported observations. For 
example, if nodule development were dependent on biological 
activity, then, in the light of experience with other marine 
communities, nodules would be expected to be irregularly 
distributed geographically, which they are. They would further 
be expected to exhibit regularity in size, spacing and morpho- 
logy within any one patch, which they do. 

Radrometence studies show that nodules are older than 
the sediment on which they he, and this might be due to the 
activity of the microorgamsms. The ability of small organisms 
to move large objects is well documented by Darwin’s de- 
scription of earthworms moving stones. The presence of 
microorganisms on nodule surfaces reinforces suggestions that 
Mn nodules could be moved by predators searching for 
food?. | 

It is often suggested th: at the internal structure of nodules 
is the result of alternating periods of growth and decay 
alive and ‘dead’). This would explain results obtained with 
Be? (ref. 11 and references therein), which show that nodules 
only grow 10% of the time, Even when ‘alive’, the nodules 
do not grow over all their surface simultaneously. Because 
most of the organisms involved are very small, it would re- 
quire a long time to produce a new surface over the entire 
nodule. These observations conform with growth rates de- 
= a by several workers (1-100 mm per 10° yry 
© Finally, if the communities of microorg: anisms vary from 
; ‘one locality to another, the nodules in the different areas 
might -be expected to differ in shape, structure and com- 
? position. Again, such differences are common. 
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Of course I do not wish to imply that all consi 
Mn nodules are of biological origin. They may. in 
other respects, be analogous to coral reefs. But : 
intended to explain the ongin and development of 
Mn nodules must take account of the extensive | 
activity on their surfaces. 
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Photoperiodic responses in experime 
hybrids of cockleburs 


Hyprip intermediacy in night requurements for Bowel 
been reported in a study! of latitudinal variation of 3 
periodie adaptation in cockleburs (Xanthium strumarz 
The report stated that the data showed that different 
produced F1 hybrids photoperiodically intermediate be 
the parents and that segregation for ertical nignt 
was observed in the F2 generation. Ray (personal ¢ 
cation) feels, however, that the hv brid ev: aluation , 
sibly affected by facultative apomixis. I have alse. 
strated 73 intermediacy of the photoperiodic response 
hvbrids in Xanthium but have not found evidence of 
in emasculated plants. 
To determine the potential role of hybridisation ox (ber 
wide distribution, cockleburs from different parts of th 
world were crossed after they were induced to Hower un 
experimentally controlled conditions, Plants wiu 
night requirements between 7.5 h and 10,7511 h (O 
were hybridised with day neutral plants’ as we 
other photoperiodic types. The ease of aiena y 
brids®*89 wiehm and between the AR aa of 
morphological complexes of Love and Dansereaw™ 
to the production of F2 progemes; however 
tween the mdigenous Eurasian complex, 
various American cempexes, the F1 plants 
fertile 12, e ğü 
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Selfed parental progenies 
(and morphological complex) 
and FI hybridst 


Tahiti-A (talicum) 


h) 


Tahiti-B (talicum) 11.00 
Fi Tahiti X Pullman, Washington 9.25 
Pullman {oviforme) 8.25 
F1 Eureka, California X Tahiti 9.00 
Eureka (pennsylvanicum) 8.25 
Fi Tahiti X San Diego, California 10.00 
San Diego (italicum) 10.00 
Fi Tahiti xX Wellington, Australia 10.25 
Wellington (italicum) 10.5 
Fi Tahiti X Bangalore, India 10.75 
Bangalore (chinense) 11.00 
F1 Tahiti X Bombay, India 10.75 
Bombay (chinense) 11.00 


Manifest, night 
(h)t 


10, 75-11 .00 


TABLE 1 Photoperiodie adaptation of Fi hybrids involving the introduced üalicum eomplex of Tahiti* 
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Apparent critical 


night Time of bud appearance 
(h)t outdoors in Texas § 


10.5-10.75 


September 5-12 
10.75-11.00 


August 25-September 8 


9.00 June 28 
8.00 June 17-24 
8.75 July 29~August 2 
8.00 July 4-8 
9.75 July 29 
9.50-9.75 July 22-29 
10.00 August 8-19 
10.0-10.25 August 19-26 
10.50 August 19-28 
10.50-10.75 August 26-29 
10.50 August 28-26 


10.75-11.00 September 5-12 


reac Tamaan 


* Tahiti burrs were originally collected near Maraa caves. The two selfed progenies were germinated from burrs produced in growth 
chambers™, The Tahiti plants show approximately 72% acetocarmine-stained pollen similar to that of some plants (65°) along the Tamauli- 
pas coast of Mexico. All of the F1 hybrids involving a Tahiti parent had stained pollen within the range from 54 to 68°, most exceeding 
60%. For the other parents, stained pollen exceeded 99% except for San Diego plants, 650%. 

t In each cross except with Eureka, California the Tahiti plant is the pistillate parent. 

} The manifest night under varying nights in the growth chambers is the dark period under which macroscopic floral buds become visible. 
The apparent critical night is a preceding dark period under which floral induction probably occurred. This terminology follows that of Ray 


and Alexanderi. 


§ The time of bud appearance is for five plants of each selfed parental or hybrid 


v 


progeny under outdoor garden conditions in Austin, 


>. Texas. The plants were germinated under continuous light and transplanted to natural daylengths in mid-June approximately six weeks 


after sowing of the burrs. The night length, which reaches a minimum near 9 h in mid-June, should have resulted in rapid floral induction 
of plants with night requirements less than 9 h. The Eureka, California plants and the Eureka—Tahiti hybrids were delayed in flowering 


time. of expected bud production. 


Selfed parental progenies were compared with hybrid 
= progenies in growth chambers under fixed and/or varying 
dark periods with a day temperature of 30° C and a night 


oo temperature of 24° C. Although fixed photoperiods are 


necessary for establishing a critical night requirement, the 


= Inereasing nights enable simultaneous testing of diverse re- 


sponses. In most cockleburs, the longer night accelerates bud 
development and, therefore, the manifest night? under which 
macroscopic floral buds appear is preceded by a shorter 
critical night for floral induction. 

Five plants in each progeny were compared under each 
of two varying nights: 7.5 to 9.0 h, 8.0 to 10.0 h, 9.0 to 
10.5 h, or 10.25 to 11 h. By determining the number of 
nights required for bud production in dark periods near the 


"g 


possibly because of a response to high outdoor temperatures. Other C 


alifornia and Australia pennsylvanicum plants showed a delay in the 


inductive one, the apparent critical night? was estimated. In 
F1 studies, the dark period was increased 15 min at 5-10 d 
intervals, but for testing of F2 progenies the varying nights 
were increased 5 min every 5 d. The various F1 progenies | 
were germinated and kept under continuous light for 6 to 9 
weeks before the varying night comparisons. The Tahiti 
plants were 12 weeks from sowing of the burrs when initially 
exposed to 10.75 h mghts. Selfed progenies of day neutral 
parents were germinated under fixed 16 h dark periods as 
well as under continuous light, and subsequently flowered 
and produced mature achenes in both conditions. Five to ten 
plants of each progeny were studied outdoors from mid-June 
in Texas. 

F1 hybrids involving a day neutral parent and/or a parent 
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Tarte 2 Photoperiodic adaptation in hybrid progenies of Xanthium under varying nights* 
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Selfed parental progeny 
(and morphological complex} 
and hybrid progeny t 


935 940 

P1 Marfa, Texas (italicum) 1 
r Lexington, Kentucky (chinense) 

F2(P1 & P2)(P1 x P2) i 3 

F2(P2 X P1)(P2 X P1) 1 3 

F2 2 6 


D 

P1 Wilberforce, NSW, Australia 
(cavanillesii) 

P2 Manilla, NSW, Australia (italicum) 

F2(P1 X P2)(P1 x P2) 

Pig x P1)(P2 x P1) 

XF2 


945 


Number of plants with macroscopic floral buds in 
each varying night 


3 





Total number 
of plants 


(h min)t 

950 O50) 1000 1100 
4 
6 3 9 
4 5 
1S 10 2 44 
24 1] i i 48 
42 21 3 | 92 
6 
12 12 
13 t 3 1 26 
9 12 7 1 29 
pa 21 10 2 55 


* Plants were 25 d from sowing of the burrs under continuous light when they were placed in a growth chamber nights of 9 h 20 min. The 
night length was increased by 5 min, (+10s) each 5 d until it reached 10 h. The night length was subsequently fixed at 11 h to accelerate 
floral bud development. Test plants (25 d) produced*macroscopic floral buds after 10 cycles of 16 h darkness. Experimental plants were 35 d 
from sowing at the first cycle of 9.5 h, the night expected to induce Texas italicum plants and Australia cavanillesii plants. 


+ F1 plants of the Australian cross were $ 


udied previously? and showed neat midparent intermediacy. 


t The critical night for floral induction probably preceded the manifest night by approximately 10 d, the Texas plants under nights of 
9 h 30 min to 9 h 35 min and the Kentucky plants under 9 h 40 min to9 h 45 min. In previous studies Marfa, Texas, plants? had indicated a 
critical night near 9.5 h and the Lexington, Kentucky plants" nea% 9.75 h. In other studies the Wilberforce plants had shown induction 


undet 9.6 


and for Manilla near 9 h 55 min: K 


nights and the Manilla plants*sunder 10 h nights. My present study suggests a critical night for Wilberforce near 9 h 35 min 











10.0 
9.5 


9.0 


- E, hybrid night requirement (h) 


8.0 





TS BAP 9.0 10.0 11.0 
Parent mght requirement (h) 


Fc. 1 Comparison of FI hybrid night requirements for 
flowering. a, Hybrid responses with a day neutral parent 
(Varanasi, U. P.: Bangalore, Mysore, India) of the stru- 
marium morphological complex (@). Other hybrid responses 
are with one of the following parents: Washington, ovi- 
forme (QC); Italy, italicum. (A); Australia, pennsylvanicum 
(A); Australia, ttahcum (W); and Mexico, italicum or 
Bombay, India, chinense (D). The responses of hybrids be- 
tween parents with night requirements are plotted along 
lines representing midparental intermediacy; b, X 80 h; 
c, X 85h; d x 925 h; e, x 100h; f, x 10.75 h. Other 
parental plants used in the experimental erosses include: 
Eureka, California, pennsylvanicum, 8.0 h; Australia, cavan- 
llest, 95 h; Kentucky, chinense, 9.75 ho San Diego, Cali- 
fornia, italicum, 9.5-9.75 b; Brazil, cavanillesu, 10.25 h; 
Australia, chinese, 105 h; India, chinense, 10.25-10.5 h. Points 
on the graph represent the shorter night if two are indicated 
for a parental response. 


with a eritical night of 10.75-11 h show a wide range of 
photoperiodic adaptation (Fig. 1). The hybrids with a day 
neutral parent have an adaptive range from day neutrality to 
a 8.75-9 h night requirement!*. Those inv olving a parent with 
a night requirement of 10.75-11 h show adaptation to nights 
of 8.75-9 h or longer. The crosses between day neutral plants 
of India and plants of Mexico’ with the 10.75-11 h require- 
_ ment produced the hybrid response to 8.75-9 h. _ 

Approximate midparent intermediacy of the F1 hybrid 
onse was demonstrated by most crosses involving two 
ts ‘with a night requirement. Hybridisations included in 
g. 1 are those involving the oviforme complex from Wash- 









ase 8.5 h; the pennsylvanicum complex from Australia, 


-sisting of 92 plants, responded to nights dif 


e length requirements. 





































gton, 8.0 h; the italicum complex from northern 
h; the italicum complex from Australia, 10.0 h: a 
5 “Mexican plant in the italicum complex or an Ind 
in the introduced chinense complex, 10.75-11 b. Mi 
intermediacy was also demonstrated by a series of | 
involving plants from America and introductions to A 
with adaptation to various night lengths from 9.25 4 
F1 hybrids involving a Tahiti parent showed i 
not reflecting midparent intermediacy (Table I 
night requirements were slightly shorter than those 
parent in crosses with Bangalore and Bombay pla 
response of hybrids with San Diego and Welling 
were similar. The hybrids with parents requiring 
showed near midparent intermediaey but were c 
parent with the shorter night requirement. The 
sponses may indicate a temperature Menon 
in ripeness-to-flower (maturity) responses af 
dominance by one parent, Hybrids naaa i 
strumarium plants with a 9.25-9.5 h night re 
failed to show midparent intermediacy' 30, Wi 
parent requiring a shorter night, the hybrid respo 
a similarly short night. Hybrids involving an Americ 
with a longer requirement, 10.25-10.5 h, were mie 
in response but more similar to that parent. 
F2 progenies examined under varying nights showet 
gation of the photoperiodic response {Table 2). Ir 
involving ttalicum from Marfa in western Texas? an 
from Lexington, Kentucky’? the parental reg 
separated by less than 15 min and the F2 








mately 30 min. The cross between talcum an 
introduetions®* to Australia included an F2 opr 
plants and a range of response to nights differing b 
mately 20 min. Bu rr morphology and sesquiterpen: 
chemistry also show segregation in the F2 gener: 
the studies suggest no genetic linkage of either che 
with photoperiodic response (my unpublished resul 
F3 generation and other F2 progenies are being inv 
for additional information about photoperiodic ad: 

The F2 progenies of day neutral plants in the s 
complex and chinense plants introduced to Indis 
Australia? 36 consisted of few plants bee 
fertility of the Fl hybrids, Tested ur 
lengths (and dark periods lengthening from 
June) in an outdoor garden following 6 weeks + 
tinuous light in growth chambers, none of the 
showed day neutrality. Each of the 13 plante that ger 
from a total of 100 burrs produced on five Fi plants : 
à flowering reaction suggesting adaptation to night= 
than 9.75 h. The selfed progeny of the day neutral 
flowered in growth chambers under continuons 
selfed progeny of the chinense parents with a 10.5 — 
requirement produced macroscopic floral buds in late 
the Fl and eight of the F2 plants in early July 
remaining five F2 plants before the end ef Jub. 7 
had shown a requirement of nights of 8.25-8.75 h previo 

The intermediate photoperiodic response in Fi kh 
and the segregation for critical night length in the F2. 
tion suggest quantitative inheritance of the dark requirer 
for flowering. The hybridisation results also suggest that 
neutrality in Xanthium is not dominant over a photope 
response as was indicated by the original studies of 
tance of photoperiodism in Nicotiana. Day neutr 
Xanthium seđms to result from greater negative f: 
effects. Convérsely, an imbalance towards inereasi 
effects seems to produce the broad range of inerea 











The diversity of photoperiodic adaptation in wild - 
tiens of Xanthium And: the range of hybrid respon 
allow a broa@ base for future study of photoperiodic m w 
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nisms, Current physiological studies in Xanthium have con- 
centrated almost, exclusively on one or more strains from 
the vicinity of Chicago, Illinois?® with a critical dark period 
usually given as 8.3-8.5 h. The actual mechanisms of photo- 
periodic control has been elusive but many physiological 
aspects of the dark induction have been reported for the 
Chicago strain(s)*®, The present hybridisation studies were 
not intended to investigate the photoperiodic mechanism, but 
the results suggest that the photoperiodic response in 
Xanthium may be the total of ‘negative’ and ‘positive’ enzy- 
matic effects and may also involve a timed reaction. 

It seems unlikely that photoperiodic adaptation in Xan- 
thium extends beyond the range of 7.5 to 11 h. Day neutrality 
is thinly separated from photoperiod controls at the short 
end of the range in indigenous European plants (my unpub- 
lished results) and tropical plants with a requirement near 
11 h seem to have secondary controls involving temperature 
and maturity effects'*. The results of hybridisation are pro- 
viding insight into the adaptive capacity of Xanthium as a 
worldwide coloniser of habitats disturbed by man. In India the 
diversity of photoperiodic responses"? can be explained as the 
result of hybridisation between day neutral indigenous plants 
and plants with photoperiodic responses introduced from 
Americal!4, 

I thank Drs A. Lang, D. Live, P. M. Ray, F. B. Salisbury, 
G. L. Stebbins, and J. A. D. Zeevaart for their advice. Dr 
Love has examined burrs of most of the parental plants and 
many of the hybrids and has agreed with the treatment of 
the morphological complexes. 
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Hypersensitivity as the primary event in 
resistance to fungal parasites 


THE hypersensitive reaction of plants to infection by in- 
compatible strains of biotrophic fungi (organisms which, 
as parasites, derive their nutrients from living tissues!) 
involves the rapid necrosis of one or more cells at the 
penetration site, accompanied by restriction of the invading 
fungus. It is generally believed that this reaction by the 
host leads to a disruption of nutrient supplies to the fungus 


and the production of fungitoxic metabolites (for example, > 


phytoalexins), resulting in the cessation of hyphal growth?. 
This traditional view has, however, been challenged by BroWn 
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Fie. 1 Diagrammatic representation of the development 
of a compatible race (W2) and an incompatible race (W5) 
of Bremia lactucae in the lettuce cultivar Avondefiance. 
Primary and secondary vesicles are drawn to scale, measure- 
ments being derived from the means of ten replicates. 
Shading represents the extent of granulation and melanisa- 
tion of the host cytoplasm. 8, Spore; A, appressorium ; 
PV, primary vesicle; SV, secondary, vesicle; I, intercellular 
hypha; H, haustorium; E, epidermal cell; M, mesophyll 
cell. 


et al, who have suggested that the hypersensitive reaction 
of wheat to rust fungi is not the cause, but a consequence, 
of the earlier inhibition or death of the invading fungus. 
Király et al.*, on the basis of indirect evidence, have ex- 
tended this suggestion to include the resistance of bean to 
Uromyces phaseoli (rust) and potato to Phytophthora in- 
festans (blight), and have questioned whether the term 
‘hypersensitive reaction’ of hosts in connection with plant 
resistance has been correctly used in the past. Since this 
is a continuing debate among plant pathologists, we consider 





Fic. 2 Surface view of the hypersensitive reaction of an 

epidermal cell of the lettuce cultivar Avondefiance 60 h 

after inoculation with the incompatible race W5 of 

Bremia lactucae. Cells adjacent to the infected cell are 
apparently unaffected. 
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Fic. 3 Electron micrograph showing a primary vesicle 

(PV) of an incompatible race of Bremia lactucae (race W5) 

in an epidermal cell (E,) of the lettuce cultivar Avon- 

defiance. Note the complete disruption of the membranes 

and cytoplasm of this cell (arrowed) and the apparent 

normality of the cytoplasm of the fungus and the adjacent, 
non-penetrated cell (E+). 


it pertinent to report here information which accords with 
the traditional view of the significance of the hypersensitive 
reaction. We show that in the resistance of lettuce (Lactuca 
sativa L.) to incompatible races of the downy mildew fungus 
Bremia lactucae Regel, death of penetrated host cells is the 
primary event, preceding the cessation of fungal growth by 
several hours. 

During a study of the interaction between four races of 
B. lactucae and five cultivars of lettuce we observed that 
incompatibility was normally accompanied by a hypersensi- 
tive reaction in the host. The time course of the infection 
process was followed in detail after inoculating the abaxial 
surfaces of cotyledons of the lettuce cultivar Avondefiance 
with aqueous suspensions of conidia of B. lactucae race W2 
(compatible) or W5 (incompatible). Light microscopy showed 
that the germ tubes of both races penetrated epidermal cells 
and by 12 h after inoculation had produced a spherical pri- 
mary vesicle and an elongated secondary vesicle’. The pri- 
mary vesicles of both races developed at the same rate. 
Growth of the secondary vesicle of the incompatible race, 
however, was markedly retarded compared with that of the 
compatible race (Fig. 1); the former was fully expanded 
(5 X 9 wm) by 12 h and the latter continued to enlarge 
for 24 h, reaching a final size of 14 X 26 um. Observations 
at intervals up to 60 h showed that the compatible race 
caused no necrosis of the epidermal cells it penetrated. In 
contrast, the epidermal cells entered by the incompatible race 
showed progressive granulation and melanisation, although 
adjacent non-penetrated cells remained apparently unaf- 
fected (Fig. 2). From 24 h onwards, the compatible race 
formed an intercellular hypha giving rise to an extensive 
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mycelium bearing haustoria. The incompatible race, how- 
ever, initiated an intercellular hypha as early as 12 h, al- 
though this stopped growing by 24 h, after producing ap- 
proximately three haustoria which caused a hypersensitive 
reaction in the cells they entered. 

Cytological examination of both strains of the fungus 
from spore germination onwards showed that for the first 
12 h there was no significant increase in the number of 
nuclei per colony. Thereafter, the number of nuclei increased 
in colonies of the compatible but not of the incompatible race. 
Nuclear division in B. lactucae is probably dependent on the 
establishment of a biotrophic relationship between host and 
fungus and the failure of the nuclei to divide in the ineom- 
patible race is a reflection of its inability to establish such 
a relationship. 

Electron microscopy of infected cotyledons showed that 
in compatible interactions the host cell plasmalemma was 
invaginated to accommodate both the primary and secondary 
vesicles of the fungus, and there was no evidence of cytoplas- 
mic damage. In contrast, within 4 h the membranes and 
cytoplasm of epidermal cells penetrated by the incompatible 
race were severely disrupted (Fig. 3), although adjacent cells 
were apparently normal, The fungal cytoplasm also appeared 
perfectly normal at this time, being dense with apparently 
functional organelles. 

These observations make it clear that the primary event 
in the interaction between Avondefiance and the incompati- 
ble race W5 of B. lactucae is the rapid death of the penetrated 
cells. The fungus continues to grow for at least 12 h after 
this, although it too eventually dies. The most likely cause 
of death of penetrated cells is a rapidly-acting toxin produced 
by the healthy fungus during the early stages of the inter- 
action. Since adjacent cells are not killed, this toxin could be 
a molecule which is closely associated with the fungal cell 
wall, or which cannot diffuse in sufficient quantity through 
host cell walls. 

In the specific example reported here, light and electron 
microscopic studies during the very early stages of the host- 
parasite interaction have produced a clear sequence of events 
during the hypersensitive reaction to infection by an incom- 
patible fungus. It is likely that more than one mechanism 
for hypersensitive resistance in plants exists, but it would be 
interesting to know whether the contradictory conclusions 
of earlier studies** would be supported by microscopie ob- 
servations during the early stages of the host-parasite in- 
teractions. 

Experimental details of this report will be published else- 
where. We thank Professor P. W. Brian, for discussions 
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New species of Dryopithecus from Kenya 


Two new species of Pongidae, assigned to a new subgenus 
of Dryopithecus, are here described for the first time. These 
assignations are based mainly on new specimens discovered 
recently in Kenya, but some other specimens! are reassigned 
to the hypodigms of the new species. A more complete re- 
vision of the African early Miocene dryopithecines is in prep- 
aration. 

Three species of Dryopithecus from East Afriea—D. afri- 
canus, D. nyanzae, and D. major—have been accepted as 
valid species, and are grouped in the subgenus Proconsul 
(Hopwood)*. The two new species are grouped in another 
subgenus to distinguish them from the other African and 
Eurasian species of Dryopithecus. Moreover, Limnopithecus 
legetet, which has pongid affinities, both dentally and post- 
eranially, and which differs mainly in size from the species of 
Dryopithecus, is also included in the Dryopithecinae. As the 
subgeneric affinities of this species are not clear it seems best 
at this stage to retain it as a separate genus of the Dryopithe- 
einae. The other species assigned to Limnopithecus, ‘L. macin- 
nesi, is retained in the Hylobatidae?, so that it will be neces- 
sary to change the generic classification of this species. Thus 
there are two genera and six species of the Pongidae, Dry- 
opithecinae, and one genus and species of the Hylobatidae, 
now recognised in the early Miocene of East Africa. The 
dentitions of the six dryopithecine species range in size from 
slightly smaller than those of the gibbon to about the size 
of those of a female gorilla. 

Le Gros Clark and Leakey', when describing «a maxilla 
fragment assigned to Proconsul africanus (field no. 415747, 
KNM-SO 401), noted its aberrant features and stated that 
further similar material might make a new species necessary. 
Such new material came in Leakey’s 1966 collection from 
Songhor in the form of a complete palate which I described 
in 1970 (ref. 2). At that time, as my study of the total 
sample was incomplete, I referred it to Proconsul sp. with the 
intimation that it probably belonged to a new species; this 
views is now found to be justified. The entire dentition, based 
on a total of of 79 specimens, is known and a complete half 
mandible has just been found at Songhor (KNM-SO 1112) 
so that the lower dentition is now as well known as the upper. 
This new specimen is here described as a new species, Dryo- 
pithecus gordoni. 

Another recent discovery, this time from Rusinga Island, 
was a partial maxilla and upper dentition (KNM-RU 2058) 
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Taste 1 Measurements of M! of D. gordoni and D. vancouveringt 











bl 
md hl - 
md 
D. gordoni 
MW 52 S.4 S.0 9053.3 
sO) 401 R.I 7.9 907.5 
487 8.4 7.4) 94 | 
T00 8.3 S.1 05: 
O30 N.|] So) 104.9 
931 an N) OS 8 
932 7.85 § 2 102.6 
Mean 8.2 S.] OS 0) 
Number 7.0 7.0 7.0 
sd 0.24 0.21 4.05 
D. vancouveringi 
RU 1778 7.0 GS 07.2 
INO] 6.4 6.6 103.0 
2058 OS 6.5 95.6 
SO 44 OLS .4 4 2 
1134 60.3 60.3 100.0 
MB 125 Fad 6.7 94.4 
Mean 6.8 6.6 97.0 
Number 6.0 6.0 6.0 
sd 0.27 0.15 2,48 
Value of | 9 9 3.8 
Degrees of freedom 10 11.0 


Probability (P) <0.001 <0. 001 


—SSSSSSSNSSSSSSSAAAAAAAHEEİĒİÏİÏĒŽŰİÏİİSŜLŽJVŽAAERVLİãããšSãÏÃÏÃűūÏď{ďĈQCCQCQCQQQKKKKKMMMMMŐ 


which, although almost identical morphologically to D. gor- 
doni, is much smaller. Unfortunately the smaller form is 
known only from the upper dentition and from only seven 
specimens, One of these, a maxilla fragment (field no. R 
59347, KNM-RU 1778), had previously been allocated? to 
L. macinnesi. There are no morphological differences between 
these small specimens and D. gordoni, but examination of the 
ranges of variation and significance tests established that 
samples are sufficiently different in size to make it unlikely 
that they come from one population (P < 0.001). The smaller 
sample is therefore described here as a new species, Dryopi- 
thecus vancouveringi. 

The similarity of the two new species is illustrated in Fig. 
| where the upper tooth rows have been reduced to the same 
P4-M3 length, For comparison the equivalent tooth rows of 
D africanus and ‘L. macinnesi’, which correspond most closely 
in size to D. gordoni and D. vancouveringi respectively, are 





Fia. 1 Occlusal views of upper dentitions. a, D. africanus, P4-M2, KNM-RU 2036; b, D. gordoni, P4-M3, KNM-SO 700; ¢, ‘L. macin- 


nesi,” P4-M3, KNM-RU 1849; d, D. vancouveringi, P4-M3, KMM- RU, 2058; e, D. 


vancourveringi, P4-M3 (lateral view), KNM-RU 


2058; f, D. vancouveringi, dp4-M1, KNM-RU 1778; g, vancowvering, dp4-M1 (lateral view), KNM-RU 1778; h, D. major, dp4-M1, 
KNM-SO 542. d, e, f, and g are all fo the same se ale as indic ated, but the other specimens are reduced or enlarged to the same P4- 
M3 length®as in d, or to the same dp4-M1 length as in f. 
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Fic. 2 Occlusal and lingual views of the new mandible of 
D. gordont (KNM-SO 1112). 


also included. The figure illustrates the distinctive morphol- 
ogy of the two new species, particularly the molariform pre- 
molars, with large lingual and distal cingula, the elongated 
upper molars (also shown in the tooth dimensions given in 
Table 1), the large size of the protocone on the upper molars, 
and the increase in molar size from M1 to M3. Other features 
not immediately evident from the figure are the lowness of 
the molar and premolar cusps, the degree of wrinkling of 
the occlusal surfaces, and the relatively marked wear gradient 
on the molars. Other features which are present in the larger 
sample of D. gordoni but which are not known for D. van- 
couvering’ include the remarkably high-crowned structure 
of the incisors and to a lesser extent the canines, the elongated 
and wrinkled lower molars, and the large size and depth of 
the mandible (Fig. 2). In all these shared features, the two 
species differ from all other species of Dryopithecus, so they 
are here combined into a single higher taxonomic category. 
Since recent usage in pongid taxonomy has been to recog- 
nise subgeneric rather than superspecific groups*, this category 
was selected, and the name Rangwapithecus was chosen. When 
more is known about the Eurasian dryopithecines, and in 
particular when better upper dentitions and skulls are found, 
it may well be necessary to resurrect some of the genera sunk 
by Simons and Pilbeam*, and this may include establishing 
Rangwapithecus as a valid genus. 
Diagnosis of the two new species are as follows: 


Subgenus: Rangwapithecus subgen. nov. 

Diagnosis: species approximating in size to the gibbon and 
siamang. Incisors high crowned and relatively very narrow com- 
pared with (Proconsul) and (Dryopithecus). Upper molars and 
premolars elongated, the molars usually longer (mesiodistally) 
than broad, low cusped and the occlusal surface often has 
more secondary wrinkling than in (Proconsul). Upper molars 
increase in size from M1—M3 and premolars from P3—P4 unlike 
both (Proconsul) and (Dryopithecus). No reduction of M3. 
Lower molars and premolars also elongated. The molars 
have a marked wear gradient, such that M1 may haveedentine 
exposed on the occlusal surface when M3 is only just coming 
into wear, unlike the condition in (Proconsul) and (Dryo- 
pithecus). Strong lingual cingula are developed on all the 
upper molars and premolars, and the premolars also have a 
prominent distal cingulum. Zygomatic process is set very low 
over M1/2. The floor of the maxillary sinus is greatly extended. 
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_ Contained species: (1) D. gordoni sp. nov. (2) D. vancouver- 
ingi sp. nov. 

(1) Dryopithecus (Rangwapithecus) gordoni sp. nov. 
Holotype: KNM-SO 700 maxilla with complete upper den- 
tition except for the incisors. Housed at the Kenva National 
Museum, Nairobi, 

Locality: Songhor, Kenya. 

Reference: Andrews?, not. named but referred to Proconsul 
sp. (Individual specimens attributed to this taxon have been 
assigned in the literature to Limnopithecus macinnesi, Pro- 
consul africanus and Proconsul nyanzae (ref. 1).) 

_ Distribution: Early Miocene. Most common at the Tinderet 
site of Songhor but a few specimens are known from the Rangwa 
sites of Rusinga and Mfwangano Islands. 

Hypodigm: seventy-nine specimens which cover the entire 
dentition, the mandible except for the ascending ramus, the 
maxilla and palate. A few postcranial fragments may belong 
to this species. BM(NH) M 16637; KNM-RU 1686, 1692. 
1722, 1768, 1833, 1894; KNM-MW 52; KNM-SO 89, 373-5, 
377, 383, 401, 419, 420, 428, 434, 445, 449, 450, 463, 464, 467. 
473, 475, 486-8, 507, 521-3, 531, 540, 550-3, 555-63. 575, 577, 578, 
583, 588, 590-3, 700, 904-9, 921, 923-5, 930-2, 938. G43. 945, 
948, 1081, 1112, 1225, 

Diagnosis: a species of Dryopithecus intermediate in dental 
size between the siamang and pygmy chimpanzee; similar in 
size to D. africanus. Upper teeth similar to those of D. van- 
couveringt as described in the subgeneric diagnosis, differing 
only in larger size. In the lower dentition the incisors are very 
high crowned and narrow; the canine is high crowned and 
bilaterally compressed; the P3 is very bilaterally compressed 
with nearly parallel buccal and lingual sides; the P4 is elongated: 
the M1-M3 are also elongated, the cusps are low, the bueceal 
cusps are divided by deep buccal sulci like the condition in the 
gorilla, the occlusal ridges and buccal cingulum are poorly de- 
fined, and secondary wrinkling is often present. Mandibular 
body and symphysis relatively deep and robust, prominent 
superior transverse torus, no inferior torus. P3-M3 lengths 
are, upper 40 mm and lower 44 mm for single specimens. Upper 
M1-M3 length is 29 mm. Named in honour of H. L. Gordon, 
formerly Government Medical Officer at Koru, who eolleeted 
many of the early specimens at Koru. 

(2) Dryopithecus (Rangwapithecus) vancouveringi sp. nov. 

Holotype: KNM-RU 2058 left maxilla with crowns of P4- 
M3. Housed at the Kenya National Museum, Nairobi 

Locality: Rusinga Island, Kenya. 

Distribution: Early to ?middle Miocene at the sites centred 
on Rangwa: Rusinga and Mfwangano Islands: and the Tinderet 
site of Songhor. It also may occur at Maboko Island 

Hypodigm: seven specimens which cover only the upper 
postcanine dentition and parts of the maxilla. Also referred 
provisionally to this species are three specimens from Maboko 
Island, KNM-MB 388, 125, 148. KNM-RU 1778, 1801, 2058; 
KNM-MW 48; KNM-SO 942, 944, 1134. 

Diagnosis: a small species of Dryopithecus approximately the 
dental size of the siamang. It is like D. gordoni in morphology, 
as defined in the subgeneric diagnosis, but difere from it in 
size. The M1 is significantly different from the MI of D. 
gordoni. The upper tooth row lengths are M1-M3, 22 mm and 
P3-M3, estimated 31 mm for a single specimen. Named in 
honour of Judith and John Van Couvering who found the type 
— in 1968 at the Kaswanga Point deposits of Rusinga 
sland. 


The six species of dryopithecines apparently represent a 
Miocene radiation of the Pongidae in Africa. There are sev- 
eral degrees of differentiation between the species. The species 
pairs D. nyanzae/D. major and D. gordom/D. vancouvering: 
probably represent near contemporary speciation, inasmuch 
as the members of each pair are largely allopatric in distribu- 
tion and differ from each other principally in size. D. africanus 
is much more distinct, both in size and morphology, from the 
D. nyanzae/D. major pair, and it is sympatne with D. nyan- 
zae: it is probable that it represents an older stage in specia- 
tion. Finally, the distinctive morphological difference between 
the species assigned to the two subgenera and genera musi 
represent a still more ancient divergence. 

The Miocehe proliferation of pongid species in Africa seems 
strange in the light of the distribution of present day African 
pongids. Rather, cldser evolutionary parallel might be with 
the later Cainozoie radiation of African cercomthecine mon- 
keys, which are even more diverse than were the Miocene 
pengids. The fossil pongids are known only from one corner 
of their range in Aftica; it seems unlikely from geographical 





and Central Africa (as are those of modern monkeys). No 
“Miocene pongids have been recovered in these regions, but 
it is quite possible that if they were, the pongid radiation 
: would be seen to be at least as rich and diverse as is the 
<n eereopithecine radiation of today. 
<. The relationship of these fossil hominoid primates with the 
<o living ones remains uncertain. In my opinion it is no longer 
feasible to suggest direct ancestral-descendent relationships 
between fossil and living species*. Presumably one or more 
of the Miocene species was ancestral to the later pongids, 
but which this was, and whether one or more species was also 
ancestral to the Eurasian dryopithecines, can not be known 
from the available evidence. 
[thank Drs D. R. Pilbeam and A. C. Walker for help with 
_-. the preparation of this note. I also thank the Wenner-Gren 
-Foundation for Anthropological Research for financial sup- 
port, the Boise Fund for support of field work and the Mu- 
-seum Trustees of Kenya for permission to work on this ma- 
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Hair of the mammoth 


Tere have been few detailed studies of the frozen remains 
-of woolly mammoths (Elephus primigenius)!. Here I describe 
-a study of evolutionary change based on the grouping of the 
hair follicles and the distribution of hair diameters. This ap- 
proach has hitherto been possible only with domestic animals?. 
-© The ancestral elephant E. meridionalis, a warm latitude for- 
est dweller of the Early Pleistocene, gave rise to two lines. 
ne remained in the same environment and underwent only 
1oderate evolutionary change, giving rise to the straight- 
ked F. antiquus of the Middle and Late Pleistocene, The 
ther line evolved more rapidly, passing through two species 
stages in the same time; FE. trogontherii, a cool steppe dweller 
of the Middle Pleistocene, and E. Primigenius, the woolly 
mammoth of the Arctic tundra. in the Late Pleistocene’. 
A notable adaptation of the mammoth to a cold climate 
was the development of a long, dense coat. The ancestor of the 
elephants must have had hair, but it may already have been 
as much reduced in FE. meridionalis as it is in modern ele- 


main centres of distribution were more probably i 1 West ancestral condition. What was ke sttuctare: m thé. miam- 


moth coat, and what follicle grouping was involved in its de- 
velopment? 

The coat of the mammoth has been. described as having 
an underwool, a longer, coarser yet fluffy. outer hair, and 
an even longer, searcer, bristly but flexible hair? (Table 1). 
Another account described the underwool as soft and reddish, 
one kind of hair as coarse, wiry and black, and the other 
as brownish and much finer’. The searcity of hair in the 
modern elephant is associated with a corrugation of the 
epidermis, and a lack of skin glands, Although the mam- 
moth, too, apparently lacked glands, the increase of the hair 
was associated with a loss of the epidermal corrugation’. 

The ancient material available comprised some hair from 
a Siberian mammoth about 10,000 yr old sent from Moscow, 
and three samples of skin from the Liakhov mammoth (No. 
1912-23) in the Palaeontology museum, Paris. The modern 
material for comparison was some elephant leather, some 
skin from an African elephant, and two specimens of hair 
from an Indian elephant. 

The International Standards Organisation method 181 was 
used to measure the diameter of 100 fibres from each hair 
sample in whole mount®, and the skin was sectioned by the 
method of Ryder and Stephenson‘, after treatment in Sandi- 
son’s softening fluid?)’, 

It has been concluded® that no fading has occurred in the 
colour of mammoth hair. By electron spin resonance? the 
Moscow sample had been shown to have a concentration of 
free radicals equal to that in white wool, and so it was con- 
cluded that it had been white, and that the yellow-brown 
colour was merely discoloration. It seems unlikely that the 
mammoth was in fact white, since stomach contents indicate 
that it was vegetarian like the musk ox!, and only predators 
or prey in the Arctic turn white in winter. 

Although I was unable to detect pigment granules, the 
coarser mammoth hairs were darker. A feature common in 
double-coated mammals, this suggests that the hairs were 
originally pigmented, the pigment having become diffuse 
with time. Chemical degradation has been demonstrated in 
mammoth hairt®, 

The hair diameter distribution of the ancient and modern 
samples is shown in Table 2. The Moscow sample had a 
double coat but owing to its irregular nature, the length 
of the underwool could not be measured. The outer hair was 
shorter than the shorter (20 em) of the two lengths quoted* 
although not much less than the longest (12 em) in Neu- 
vile’s unknown specimen? (Tables 1 and 2). The lack 
of the longest hairs (45 cm) cannot be due to breakage, 
because no hairs of commensurate coarseness were present 
in either the Moscow or Liakhov samples (Table 2). Their 
absence could be due to shedding some time before death, 
which could imply death at the end of winter, and not at the 
end of summer as previously surmised?, 

The three samples of flank skin were of similar thickness: 
fresh, 23 mm; leather, 22 mm; Liakhov, 22 mm (leg only 
12 mm). It was impossible to section the leather. The fresh 
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TABLE 1 


Previous measurements 





Outer hair length 


Source Specimen Underwoọl length Short Long 
Lang? T 45 em longer (diameter < 1 mm) 
Quakenbush* 3. 8c cm (red) 15-20 cm (b 45 cm (black and bristly) 
Neuville unknown 2.5-3 om (40-75 um anne 12 ie ee ae diameter) red or 


i blon 
Liakhov (leg) light i 





- * Hair length confirmed in present study (see Table 2). : 


+ 


23* pn Tike red (blond) at base 
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eg ee eee a a E SANE RAEL eee en CN er 
Length Diameter (um) CV 

Specimen fem) Range mode Mean + s.d. (%) Distribution 
Moscow 10 24-132 40 56.8 + 24.7 43.5 skewed-to-fine 
Liakhov (leg)—straight 25 26-110 40 50.0 + 15.8 31.5 skewed-tofine 
Liakhov (flank )}—eurly stubble only 40-114 60 66.5 + 15.0 22.6 shghtly skewed 
Indian elephant (body) 13 114-586 224 293.8 + 104.4 35.5 continuous" 
Indian elephant (head) 15 ~500 


skin confirmed the corrugation® of the epidermis, which had 
closely-packed pillars about 1 mm high resembling the villi 
of the intestine but hexagonal in section. The pillars were 
grouped into clusters separated by channels, and the hairs 
emerged at the junction of several channels. The hair den- 
sity was 2 to 3 em, and were of two sizes, suggesting 
origination from primary central (larger) and primary lateral 
(smaller) follicles. The presumed centrals were deeper than 
the presumed laterals, extending 4 to 5 mm into the skin. 

Sections cut parallel to the skin surface revealed sparse, 
round, non-medullated hairs with no glands or erector muscles. 
The follicle density was 6 cem (that is, two groups). The 
trios had a V configuration (90° angle) with the larger central 
follicle at the base and the two laterals at the tips of the 
arms, which were 2 to 5 mm long. At least one central follicle 
had a surrounding sinus which suggests that it was a tylotrich 
(special sensory) follicle’. 

The best sections of the Liakhov skin came from the leg. 
The collagen fibres were very coarse, and stained green with 
piero-mdigo carmine, as found previously with undecayed 
remains*. Follicle debris stained maroon with basie fuchsin. 
The hairs exhibited slight basophilia, staining orange rather 
than yellow, with picric acid and fuchsin. 

The hairs in the leg skin were noticeably circular in section 
and of two widely differing sizes (outer coat and underwool), 
One fine group of 15 ranged from 48 to 76 um in diameter 
(mean 62 um), and a coarser group of five ranged from 88 to 
180 wm (mean 129 wm). Both groups were thus coarser than 
the similar hairs measured immediately above the skin surface 
(Table 2). | 

There were a few follicle groups with trios of larger ‘pri- 
mary’ follicles in which the laterals were 0.2 to 0.3 mm from 
the central. Between the central and the lateral were smaller 
‘secondaries’ (Fig. 1). Distributed at random were a few 
even larger empty follicles, one of which had a collapsed 
lumen measuring 140 x 400 am. These could be the source 
of the much larger hairs recorded by previous workers. 

The central hair of the ‘primary’ trio in Fig. 1 is 68 um, 
whereas the lateral is 128 um, in diameter. The ‘secondaries’ 
between are 50, 56 and 62 ym in diameter. The hairs within 
the skin seemed to have narrowed preparatory to shedding, 
in spite of the observation that those above the surface were 
finer. For example, the hairs within the skin had only a tiny 
medulla, although there was little medullation in either the 
hair above the surface, or in that of the modern elephant. 
These hairs are remarkably coarse to lack a medulla. Neu- 
ville" mentioned elliptical as well as circular hairs, and 
variable medullation, although his measurements show that 
any medulla occupied no more than one-third of the width 
of the hair. 

The Liakhov flank had more open connective tissue, and 
this seemed to be the cause of a loss of hairs during section- 
ing. No groups were evident but nine hairs ranged frem 60 to 
80 pm in diameter (mean 70 pm). 

In attempting to draw conclusions from this evidence, the 
tendency is to think of the modern elephant as having lost the 
hair seen in the mammoth, but the modern elephant must 


Taste 2 Coat measurements 


* Although to naked eye the few coarser ones stand out among the remainder 


_phant may be tylotrich follicles, the largest } 






































be regarded as the ancestral form. Thus the ancestral a 
probably lacked skin glands and hair ereetor mues E 
seems that these were not developed by the mammoth. Eroe. 
tor muscles, but not the skin glands, would have bee 
vantageous in a cold climate. Why the elephant | 
glands when they are retained in the similarly “l 
rhinoceros is not clear. 

From the earlier descriptions it seemed that che. 
and coarsest hairs of the mammoth could have g 
the central follicles of primary trios, and se be ‘briet m 
the shorter and less coarse hairs might have grown in the two 
laterals, being therefore ‘awns’, Although the modern ele- 
phant has central and lateral primaries, the hairs differ little 
in size, and both compare with the longest and coar 
‘bristles’ of the mammoth. Evidence of even larg 
was found in the mammoth, but these did not see 
to trio groups. Since at least some of the centrale. 





mammoth could also be tylotrichs. The developme: 
sensory hairs in the elephant could be associ: t 
thick and apparently insensitive epidermis, and they e 
have been retained in the mammoth. The mammoth ac 
a greater ‘primary’ follicle density not only by reducing 
distance between the central and lateral follicles within 
but by reducing the distance between the groups. T 
sulting greater hair density was associated with a red 
in the hair diameter of the ‘primaries’ (Table 2 NE 
a common phenomenon in sheep®. 

The modern elephant lacks an undercoat and so 
of the smaller secondary follicles that are developed 
the primaries. Such an adaptation to a hot enviro 
seen in the domestic ‘hair’ sheep (for example, the southern 
Desert type of India) which has less underwool as a result 
of a reduction in the number of secondary follicles? The 
mammoth redeveloped an undercoat by the acquisition of 
smaller follicles lacking in the elephant (Fig. 1). 

It is tempting to regard these smaller follicles as true 
‘secondaries’, having developed later in the foetus, but ai 
fortunately the lack of glands removes one distiv: 
























ic. 1 Tracing of “hair group ig skin from leg of 
° mammoth. 












eature’. The undercoat us i 
airs in the diameter distribution which are sepe 
wide gap from the much coarser outer coat hairs 
= example, in the wild sheep?. In the mammoth (Table 2) it 
is difficult to detect any gap, so that the diameters seem to 
have a continuous distribution. 
>o It may be therefore that once secondaries have disap- 
< peared in evolution, they cannot be redeveloped, and so any 
new undercoat must be formed by increasing the number 
of follicles, and extending the diameter range, as seems to have 
happened in the mammoth. An objection to this interpreta- 
tion is that the size difference between the primaries and 
secondaries is thought to be due to their development at dif- 
ferent times and to follicle competition®. If the smaller follicles 
of the mammoth were developed later, they could therefore 
~ be regarded as secondaries. 
~. I thank Dr M. R. Brambell of London Zoo and Mr R. E. 
< Chaplin of Edinburgh Zoo for supplying samples of modern 
lephant hair, Dr S. K. Eltringham of the Uganda Institute 
icology for some elephant skin, Dr L. Ginsburg of the 
-alaeontological Museum, Paris for mammoth skin, H. B. 
cott and F. M. Hay for technical assistance, and Dr G. C. 
Priestley for comments on the manuscript. 
Note added in proof: After this letter had gone to press two 
- more small samples were received from the USSR. Seven 
- hairs from the Levar mammoth ranged from 14 to 39 em in 
length, and from 98 to 260 um in diameter with a mean of 
< 179 pm. Three hairs from the Bereleh specimen ranged from 
= 385 to 50 em in length, and from 240 to 380 «um in diameter. 
_ The underwool of this sample ranged from 20 to 46 um with 
one hair 70 um in diameter, and an overall mean of outer 
chairs and underwool of 57 um. These are evidence of the 
longer and coarser hairs mentioned in previous reports, but 
not found in the other samples of the present study. 


M. L. RYDER 
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Kinetic Cyclopean effect 


Wama watching noise displayed on a television screen re- * 
cently I noticed a visual effect which I report here. As 
normally viewed, displays ef video ‘noise (‘snow’) have fhe 
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s Which seem to dart 


monocularly, the texture of the field seems finer and the 
speckles more nearly static. The display seen monocularly 
has the appearance of a field of smaller speckles which 
scintillate in situ. I have shown the effect to about ten 
friends and colleagues, without telling them what to expect. 
All noticed some difference between binocular and monocular 
viewing and several promptly described exactly what I 
had seen. In general, the size change was more consistently 
reported than the motion change. 

I have made a rudimentary effort to explore the effect 
using a noise display generated by passing the green (514 
nm) beam of an argon-ion laser through a pair of ground 
glass plates, one of which could be translated at a con- 
trolled speed. The speckle pattern so generated was projected 
on a screen. The resulting field of wideband, randomly 
changing visual noise bore a strong resemblance to television 
‘snow’, though its statistics were not identical!. Under the 
conditions of the arrangement the speckle pattern pro- 
duced by interference at the retina was so fine that it was 
nearly invisible, and so could not be confused with the 
intended display. 

The following observations were made by three people. 
(1) The difference between monocular and binocular view- 
ing was clearly evident, and resembled the effect obtained 
with the television screen; excessively rapid translation of 
the ground glass, however, did diminish the effect, (2) There 
was no difference between monocular and binocular viewing 
appearances of the stationary noise field obtained when both 
ground glass plates were still. (3) The effect could be ob- 
tained when the images in the left and right eyes were 
uncorrelated. Such images were obtained by presenting a 
different portion of the display to each eve using cardboard 
tubes to facilitate binocular fusion. (4) The effect could also 
be obtained when half the visual field of one eye was blocked 
by a card. In this case, one half of the field consists of 
the noise display as seen monocularly, and the other half 
consists of the same display as seen binocularly. 

The last observation indicates that the effect is not in- 
duced by any process occurring in the eye itself, such 
as a transient misfocussing caused by the change from one 
mode of viewing to the other. The effect is therefore 
Cyclopean? in nature. Since it can only be seen in a non- 
static visual noise field, the classification ‘kinetic Cyclopean 
effect’ seems appropriate. 

That the effect can be obtained whether or not the noise 
is binocularly correlated might suggest that even when 
the binocular images of the noise fields discussed here are 
correlated, they in some way exceed the ability of the 
visual processor to perceive the correlation. In any case 
it is not clear why a planar field of randomly changing 
visual noise should not appear the same to two eyes as 
to one. An adequate explanation of this effect might yield 
new information about the functioning of the visual system. 


R. I. MacDonatp 


Faculty of Engineering, 
Carleton University, 
Ottawa, Canada KIS 5B6 


Received September 24; revised October 29, 1973. 


1 Nea K., and Umehara, T., Japan J. appl. Phys., 12, 694 
1973). ni 
2 Julesz, B., Foundations of Cyclopean Perception, (University 
of Chicago Press, Chicago and London, 1971). 














As a professional, you prob- 
ably find reading journal ar- 
ticles to be a stimulating, 
educational, pleasurable 
experience. But the job of 
digging through piles of 
journals week after week to 
find these articles is not. It's 
tiresome. Expensive. A time 
waster. And its unnecessary. 


ASCATOPICS® can make 
keeping up with the journal 
literature as easy as opening 
your mail. Each week it 
brings you a list of journal ar- 
ticles that relate specifically 
to your work. Automatically. 
Less than three weeks after 
the articles are published. 


You simply tell us what topics 
you want to keep up with. 
(Order any of the 17 most fre- 
quently selected topics right 
now or send forthe complete 
list). ASCATOPICS takes it 
from there. Then every week 
the ASCATOPICS computer 
system checks the latest is- 





ISI’s computerized 

literature alerting service 
makes keeping up 

as easy as opening your mail. 





sues of 3,500 of the world's 
most important journals in 
science and the social sci- 
ences. In seconds, it locates 
and prints out the titles, au- 
thors and journal citations of 
articles you ought to be 
reading. 


Is keeping up 


gelling you 
down? 





So if keeping up has goten 
you down, now’s the time to 
let ASCATOPICS make life a 
little easier for you. Use the 
coupon to order any one of 
the ASCATOPICS listed or fo 
get a complete list of topics 
you may select. 


Order any of these frequently selected ASCATOPICS 


Cargo sipment of printouts) 











I ae ne 
"U.S. Canada, and Mexico (inciudes First Clags mail delivery of printouts). $105 oll offer locations (includes Ar 


O Check here for individual Air Mail delivery of printouts. US.. Canada. & Mexico, $105. All offer locations. $125 


® o 
Si institute’for Scientific Information 


21 -42)-393 


Air Pollution — Effects, Source Juvenile Hormones GB31 
& Control AB! Library & Information Science JB42 
Alcoholism . CB3 Lipid Metabolism & Biochemistry B843 
Cancer Immunology wee CBI Membrane Transport 

Cancer Chemotherapy ..............*... CB8 Permeability BB46 
Carcinogenesis — Chemical CB13 Prostaglandins 0850 
Detection & Identification of Spectroscopic Techniques — 

Narcotic Drugs & Poisons ............... DB33 NMR, ESR EBS! 
Drug Addiction & Abuse CB26 Tissue Culture 8871 
Heavy Metals in the Environment AB8 Water Pollution — Effects, Source 

Insects -Chemical Control & Control ABIS 
(Insecticides & Pesticides) ............. GB29 
ee 7 
| © Please enter my subscription to the following ASCATOPICS ® 
| at $95* each per year: O Bill Me © Payment Enclosed 
| 0 ABI O BB46 o CBit O DB33 0 GB29 
| O ABB O 8871 O CB13 o D850 g GBS 
| oO AB15 O CB3 O CB26 O EBS g JB42 | 
| O 8843 O CB8 | 
| 0 Please send me a complete list of all ASCATOPICS. | 
| oo A E a -i m | 
| Organization Telephone 7 J | 
| Address — | 
| City —  ———————— ——— | 
| Zip Country | 
| 
| | 
| 
| | 
| 


325 Chestnut St, Phila, Pa 106, USA. Tel (215) 923-3300, Cable SCJNFO, Telex. 84-5305 
e 





7 Edited oe ; 
| Prof. Joshua Jortner,, 
| Tel Aviv University, — 
| Institute of Chemistry, 

Ramat Aviv, Tel Aviv, 


occid Prof, Neil R. Kestner, 
| Department of 


Chemistry, Louisiana 
State University, 
Baton Rouge, La., USA 


271 figures (including 
two colors plates) 

| 59 tables. XII, 493 pages 
1973. Cloth DM 107,50 
US $44.10* 


-| ISBN 3-540-06310-2 


Contents 


? Theory of Electrons 
-| in Polar Fluids. 


| 
ILN. R. Kestner 
| 


| J.J. Lagowski 

| Metai—Ammonia | 
Solutions: The Dilute 
| Region. 

| J. H. Roberts, J.J. La- 
_gowski: The Effect of 


_ | Electrolytes on the Hydro- 


gen-Bonded Structure 

| of Liquid Ammonia. 
i C. Lambert: Magnetic 
| Relaxation Properties of 

| DiluteSolutions of Sodium 
i in Liquid Ammonia. 

| J. Belloni, E. Saito: 

| Chemical Equilibria 

| between Anions and the 

| Ammoniated Electron. 


J. L. Dye 


| Metal Solutions in Amines 


: and Ethers. 
| S. Nehari, K. Bar-Eli: 
| Extinction Coefficients 
| of Solutions of Alkali 
| Metals in Amines. 


AN A nn contd Aan ert 


| P.M. Rentzepis 

Ultrafast Optical 

| Processes. 

| P. Delahay: Quasi-Free 

| Electrons in Polar Liquids. 

| E, Saito: Spectra of the | 
Ammoniated Electron in 











The Nature of Metal-Ammonia Solutions 


the Presence of Amide. | 
B.L. Smith, W. H. Koehler: 
Raman Spectroscopy of 
Metal—Ammonia 
Solutions. 

M. G. DeBacker, P. F. 
Rusch, B. DeBettignies, 
G. Lepoutre: Raman 
Spectra of Dilute Metal— 
Ammonia Solutions. 

P.F. Rusch, J.J. Lagowski: 
Metal—Ammonia Solu- 
tions VIH. Infrared 


Spectroscopy of the 





Solvent. 


G. Lepoutre 


Metal-Ammonia Solu- 
tions: Transition Range. 


P. Damay: Thermodyna-~- 
mics and Critical Phenc- 
mena in Metal—-Ammonia 
Solutions. 

J.P. Lelieur, P. Damay, 
G. Lepoutre: Transport 
Properties of Lithium— 
Ammonia Solutions in the 
intermediate Concentra- 
tion Range. 

A. N. Garroway, R. M. 
Cotts: NMR Measure- 
ments of Self-Diffusion in 
Lithium-Ammonia and 
Sodium -Ammonia 
Solutions. 

K. Ichikawa, J. C. Thomp- 
son: Cell e.m-f.’s in Me- 
tal~Ammonia Solutions. 
P. D. Schettler, C. L. van 
Antwerp, J. A. Hamilton, 
J. E. Thilly, J. D. Spear: 
impedence Behavior of 


Metal~Ammonia Solid 
Metal interface. 

D. E. Bowen: Absorption 
of Ultrasound in Metal— 
Ammonia Solutions. 


M. H. Cohen 


The Electronic Structures 
of Disordered Materials. 


J. C. Thompson: Concen- 
trated M—NH: Solutions: 
A Review. 

J. P. Lelieur: Nuclear 
Magnetic Resonance 
Studies of Cesium— 
Ammonia Solutions. 

K. G. Breitschwerdt, 

H. Radscheit: Conduc- 
tivity of Concentrated 
Metal—Ammonia Solu- 
tions in the Frequency 
Range 0—70 GHz. 


T. David, W. Glaunsinger, 
S. Zolotov, M. J. Sienko 
Strange Magnetic 
Behavior and Phase 
Relations of Metal— 
Ammonia Compounds. 

J. V. Acrivos, S. F. Meyer, 
T. H. Geballe: On Super- 
conducting Metal— 
Ammonia Complexes. 


F. Hensel 

Metallic Vapors. 

U. Even, J. Jortner: Metal— 
Nonmetal Transition in 
Expanded Liquid Mercury. 
A. Gedanken, B. Raz, 

U. Even, J. Jortner: 


Springer-Verlag 
Berlin Heidelberg New York 


Munchen Johannesburg London Madrid New Delhi Paris Rio de Janeiro 
Sydhey Tokyo Utrecht Wien 
d 















Metal-Nonmetal Transi- 
tion and Exciton 
Screening. 


H. T. Davis, L. D. Schmidt, 
R. G. Brown 


Mobility Studies of Excess 
Electrons in Nonpolar 
Hydrocarbons. 


B. Raz, J. Jortner: Exci- 
tons in Liquids and the 
Energy of the Quasi-Free 
Electron State. 

i. Webman, J. Jortner: 
Electron Localization 

in Dense He Gas. 

A. Gaathon, J. Jortner: 
Excess Electron States 
in Dense Polar Vapors. 


L. M. Dorfman, F. Y. Jou 


Optical Absorption Spec- 
trum of the Solvated 
Electron in Ethers and in 
Binary Liquid Systems. 

J. Belloni, E. Saito: Radio- 
tytic and Photolytic 
Formation of Stable €m 
in Amide Solutions. 

R. R. Dewald, R. L. Jones, 
H. Boll: Kinetic Studies 

of Reactions Involving 
the Ammoniated Electron. 
N. R. Kestner, J. Logan: 
Comments on Electron 
Transfer Reactions. 
U.Schindewolf: “Spin Off” | 
of Solvated Electron 
Research. 


trernas nim e natn iNi AALA SMI ESAS GMCS CSA te EEEN A AL Wet eu pn ANAE eA Smtr tanta AASER A ae MH HAT UE maramean Ae aaae aane a IRENA SEAN BAAN ERT At aa AEA ASLEEP TRACP AE RENN EELS OOO NA EOD 


Subject Index. 
Color Plates. 


* Prices are subject to 
change without notice 
| 


ol. 249 May 10 1974 














Express emotion 


Darwin and Facial Expression: A Cen- 
tury of Research in Review. Edited by 
Paul Ekman. Pp. xit+-273. (Academie: 
New York and London, Decem ber 1973.) 
$17; £8. 


In recent years there has been a new 
spate of popular books dealing with 
man’s animal origins, These, together 
with claims about racial differences in 
intelligence and the biological basis of 
sex differences, have reinstated the old 
‘nature-nurture’ controversy within psy- 
chology, and have led to heated disputes 
which are unlikely to be scientifically 
fruitful so long as the question is seen 
in terms of absolutes rather than mat- 
ters of degree, Ekman’s collection of pa- 
pers is therefore doubly timely. Not only 
does it assess the century of research 
which has followed Darwin’s valuable 
and delightful book, The Expression of 
the Emotions in Man and Animals, but 
it also provides an object lesson in how 
the confrontation of genetic and environ- 
mental viewpoints can lead to advances 
beyond the usual, and vague, “interac- 
tionist’ compromise, 

Taken together, the chapters give ¢ 
balanced picture of Darwin’s general 
approach to the explanation of behav- 
jour, his specific theories of expression, 
his research methods, and the data he 
collected. They show that his position 
was in fact a sophisti rated one, although 
he emphasised the genetic lmks between 
animal and human expressions, and the 
apparently innate umiversalhty of many 
of our emotional responses. In fact he 
was sensitive to many methodological 
pitfalls in research on emotion that later 
investigators have often overlooked. The 
present volume presents what is, by and 
large, a vindication of Darwin's insights. 
It also shows that we are only just start- 
ing to make significant advances on what 
he discovered a century ago. 

Ekman’s collection concentrates on the 
face, mentioning other aspects of ex- 
pressive behaviour and the structure of 
emotion itself only in passing. Of the 
four main chapters only that by Petrino- 
vich takes a broader view, giving an in- 
teresting presentation of how Darwin's 
theoretical and methodological para- 


digms have influenced psychology and 
ethology, and emphasising the impor- 
tance of a functional view of human ac- 
tivities which takes full account of their 
biological and ecological context. 
Chevalier-Skolnikoff reviews 


research 





on primate expressions, discussing their 
determinants and functions and relating 


them to the evolution of facial mus- 
eulature and of the nervous svstem. 


Charlesworth and Kreuzer review the 
development of expressions and = their 
recognition in infaney and childhood, re- 
maiming firmly at the deseriptiv e level 
beeause they believe there is too little 
data to support elaborate theorising. It 
must be said. however, that on the 
topics of infant social smiling and fear 
of strangers there are other data which 
do go some way beyond Darwin’s work 
and surely permit some theorising about 
underlving processes. 

The other major chapter is Ekman’s 
thorough review of cross-cultural stud- 
ies, although some other aspects of adult 
expression are scarcely represented in 
the book at all. Recent studies, especially 
his own, contradict the long-standing 
view of anthropologists that Darwin was 
wrong in claiming an innate basis for 
emotional responses, In both Western- 


influenced and isolated cultures ‘basic’ 
emotions like happiness, disgust, sur- 


prise, anger, sadness and fear are dis- 
played and recognised in relatively uni- 
versal ways. Ekman’s major contribution 
is a theory which aecepts an innate basis 
to the linkage between eliciting stimuli, 
felt emotions, and behavioural expres- 
sions, and yet ean deal with individual 
and cultural variations by reference "to 
learned ‘display rules’ and other com- 
pheating factors, Although his theory 
gives a plausible role to both nature and 
nurture, and is to be welcomed, it 1s 
unfortunate that he does not entirely do 
justice to the environmentalists. 

In fact the book as a whole takes too 
little account of two important facts 
about expressive behaviour. One is that 
facial expressions occur In association 
with other bodily movements, vocalisa- 
tions, and even speech. Such multi-chan- 
nel activities are simultaneously orga- 
nised at several levels of instantaneous 
and temporal structuring, as the linguis- 
tic anthropologists have correctly em- 
phasised. The second, more crucial point, 
is that these behavioural performances 
normally occur within, and are perceived 
within, a context of continuing social 
interaction. In faet much non-verbaé be- 
haviour serves several functions ether 
than the purely expressive one. Darwin 
was certainly aware of the first of these 
points, and would surely have been glad 
to accept the second, so jt is a pity that 
Ekman’s book lacks a further ch&pter 





on the empirical and thew 
relating to them. In facet i i 
topics that the most interest: 
nurture questions now rest, — 

Despite these strictures, 
minor defects of the volume, ` 
has produced a valuable book 3 
should be widely read, The e contr R 
careful avoidance of undef 
terms, coupled with ie ver ya 
lessons, should extend tts appeal 
the confines of the specialist 
represented. It is rian i 
that its absurdly inflated pree 
threaten to deter many readers ` 
would learn much from it. 














Critical approach 


Exercises in Chemical Phy 







Riter, jun. Pp xiv-+S18. {G : 
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SIGNIFICANTLY new ideas in 
teaching are rare and by no 
necessarily translatable into book 
Professor Riter’s method consis 
kind of inspired exegesis of 
papers in his field, the broad 
lightfully ill-defined area of 4 
physies. The papers he tre 
haps one should say draws 
appeared in about the last 
of the Journal of Chemical PI 
convenience which by no mea 
away from the author's bread 
vision. In all some 166 articles ar 
cussed under headings which 1 
thermodynamics, quantum me 
statistical mechanics, pr 
mass spectroscopy, infrared, op 
tational and NMR spectroscon 
states of matter, 

I used the term ‘inspired’ at 
advisedly. Professor Riter’s 
far more than a simple rap 
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extremely condensed; with almost every 
other sentence in some passages putting 
a question or making some _ pertinent 
demand on the student, the quantity of 
food for thought provided is enormous 
and quite out of proportion to what one 
would expect from a book of such 
modest size. That the result is not indi- 
gestible owes much to Professor Riter’s 
sense of style and feeling for the subject 
matter. His questions have a provoca- 
tive and searching flavour difficult to 
convey here, which would be altogether 
more cramped in a conventional text- 
book. There is a droll humour, an un- 
wavering sense of relevance, an infec- 
tious but entirely mature enthusiasm 
for chemical physics as a field and a 
sympathy with the authors whose work 
is dissected in such fascinating detail. 

This adds up to one of the most 
successfully achieved ideas in advanced 
teaching that I have seen in a long time, 
and one which could no doubt be copied, 
though perhaps not so suitably, in many 
other branches of science. 

M. R. Hoare 


The nature of sleep 


The Functions of Sleep. By Ernest. L. 
Hartmann. Pp. ix+198. (Yale Univer- 
sity: New Haven and London, January 
1974.) £3.50 cloth; £1.25 paper. 

Tus is a short readable book which 
should often succeed in interesting and 
informing the non-expert as well as the 
specialist. The author has been a promi- 
nent worker and prolifie writer in the 
field of sleep research for over a decade. 
The emphasis in much of the book is on 
his own sleep research findings and he 
concludes by advancing yet one more 
theory concerning the nature of sleep. 
This latter is contained within the now 
generally accepted proposition that sleep 
has a restorative and reprogramming 
function. In contrast to some others, 
Hartmann’s view is that the former 
is associated with slow wave sleep 
wherein synthesis of protein, RNA and 
other macromolecules crucial to cere- 
bral function occurs, while the latter 
process is related to paradoxical or D 
sleep which follows on slow wave sleep 
and within which reconstruction of 
memory at the synaptic level can then 
oceur. 

Hartmann builds up his case system- 
atically in the early chapters. Other 
theories are given brief and initial at- 
tention before a series of chapters 
within the rump of the book is given 
over to the various experimental ap- 
proaches that can be made. Sleep de- 
privation studies are presented as having 
proved to be of limited heuristic valuee 
Consideration is given to his own investi- 
gations of personality differences be- 
tween long and short sleepers, and alse 
to the clinical correlates? of variable 


sleep which include behavioural, affec- 


tive, nutritional and occupational items. 
Some physiological and chemical accom- 
paniments of the various sleep stages are 
described as are also the ways in which 
their manipulation ean affect sleep in 
animal studies and the human. A brief 
but interesting chapter on the different 
kinds of tiredness and a final one in 
this section concerning the nature of 
dreaming serve to remind the reader of 
the author’s firm clinical roots. 

The final chapter of the book con- 
cerns the integration of his theory of 
sleep into a more extensive one concern- 
ing the nature of the mind and he out- 


lines the possible chemical bases of a 


variety of psychological mechanisms. Al- 
though speculative, it also reflects an 
important attempt to mobilise psycho- 
analytic concepts in physiochemical 
terms in a way which opens up the 
prospect. of experimentation. 

For all its chauvinism this is an at- 
tractive monograph in which the author, 
from a position of wide experience in 
the field of sleep research, has come 
clean to stoutly defend his holistie and 
multi-faceted approach and the need 
for it at this stage in our attempt to 
understand the chemistry of mind. 

The stvle m which the references are 
set out (placed at the bottom of each 
page as well as in an alphabetical list 
at the end of the book) also makes for 
easy reading. 

| A. H, Crisp 


Text on bacteria 


Fundamental Principles of Bacteriology. 
By A. J. Salle. Pp. x+1094. (McGraw 
Hill: New York and London, May 1973.) 
£8.85. 

Tras book is intended for “introductory 
majors courses in microbiology or bac- 
teriology”. But although there are chap- 
ters on yeasts, moulds, bacterial viruses 
and viral diseases of man, it cannot be 
regarded as a satisfactory microbiology 
text because protozoa and algae are 
scarcely mentioned in their own right 
and ‘because, in the chapters on various 
aspects of the environment, mcroorgan- 
isms other than bacteria are more or less 
completely ignored. The short chapter 
on associations of bacteria does not com- 
pensate for these shortcomings and the 
book must therefore be judged as a bac- 
teriology text, 

In the preface the author states that 
he “attempts to inelude only sound fun- 
damental material” and that he places 
emphasis “on the use of chemistry for 
a chearer understanding of the compo- 
sitien of bacteria and the reactions they 
produce”. The extent to which these 
aims are achieved varies, of course, but 
in some chapters {here are striking dif- 
ferences in the treatment of comparable 
topies. For example, the composition and 
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chemistry of the bacterial cell wall are 
inadequately treated. There is no men- 
tion of teichoic acids although the exist- 
ence of these polymers is acknowledged 
in the previous edition. Does the author 
now doubt the soundness of the work 
on their composition and structure? In 
contrast, immediately following the sec- 
tion on the cell wall there is a com- 
paratively full and satisfactory treat- 
ment of flagella, 

Although the book has many illustra- 
tions of chemical structures and equa- 
tions for reactions, often these do not 
add very much to the student’s under- 
standing of the processes in which they 
take part. Perhaps the most striking 
instance is in the chapter on enzymes, 
where there is a 30-page incomplete list 
of baeterial enzymes “to show how en- 
zymes are named and classified’, This is 
somewhat extravagant if space when 
many other topies could, with advan- 
tage, have been dealt with more fully. 

In many instances archaic nomencla- 
ture is used. For example, although it is 
true that some bacteriologists are ex- 
tremely conservative in the names they 
use for carbohydrates, surely nobody 
now uses ‘levulose’ (sic) in preference to 
‘fructose’ these days, and even if they 
do it must be confusing for any student 
to find such inconsistent usage as “. . . 
sucrase hydrolyzes sucrose to glucose 
and levulose,” (page 354). Another eriti- 
eism is that some at least of the reading 
lists are not verv well chosen. 

The index is inadequate and the lay- 
out of the print on the page is irritating 
in that although there are large outer 
margins the print approaches the bot- 
tom of the page so closely as to appear 
to be in danger of falling off! 

It is remarkable that although the first 
edition appeared in 1939 most of the one 
thousand or so pages of this the, seventh 
edition, are still by the original author. 
Collaborators are responsible for only 
four of the thirty-one chapters—some 
eighty-nine pages. It would perhaps 
have been better had more authors been 
involved, for clearly it is beyond the 
capabilities of any one person to be suf- 
ficiently up to date in the many differ- 
ent fields that are covered by this book 
to be able to extract and present the 
essential information from each area 
within the time scale required in the 
preparation of a new edition. 

Of course there is a lot of sound, 
thoroughly well presented material but 
deficiencies and distortions of relative 
importance prevent it being a serious 
contender for selection as a text for an 
undergraduate course. Perhaps the nicest 
way to summarise is to adapt the com- 


ment made by one British ex-politician 


about a recently deceased ex-colleague, 
and say that it is not fundamentally a 
bad book. 

R. C. W. BERKELEY 
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years seed p r Dh 
sented an analysis: ourtent oles 
of certain aspects of the biology of these 
intrigumeg algae, drawing on information 
published up to 1972. The clear purpose 
is to make the reader aware of the de- 
ficiencies in knowledge, as well as in- 
dicating the advances made. 

Within the scope of the seven chapters 
there are four in particular which pre- 
sent concise and stimulating accounts of 
key areas in present day research on red 
algae: morphology, reproduction, life 
histories and systematics and phylogeny. 
The chapter on morphology is of especial 
merit as it illustrates the numerous 
modifications of the filamentous habit 
and the potential of further work on 
morphogenesis both experimentally and 
with field observations. These approaches 
enliven a topte all too often avoided by 
students. The chapters on reproduction 
and life histories set out clearly the areas 
of conjecture, faet and theory, Through 
all of these the author steers a steady 
course which leaves the reader with little 
doubt as to what is reliable in the mass 
of conflicting information, The lines of 
future research are also clearly shown 
Although the deficiencies in some aspects 
of the classification system are recog- 
cnised, the lack of credible alternatives at 
present is also underlined. 

Here then is a book of fundamental 
importance to students (of whatever 
age) of red algae. Minor blemishes there 
are. There is some repetition in later 
chapters of pomts covered in the intro- 
duction. Many of the diagrams are ‘old 
friends’ and some new interpretations 
would have been valuable, Many readers 
will regret the lack of a chapter on 
ecology. But the basie value of the book 
to continuing studies on red algae can- 
not be overemphasised. 





A. | D. Boney 


Man and society 


The Riddle of Man: An Introduction to 
Psychology. By Riehard S. Lazarus. 
Pp. xii+628. (Prentice-Hall: Englewood 
Cliffs, NJ, January 197 4.) $10.95. 


Tais is an outstanding, balanced and 
humane multidisciplinary book which is 
much more than an introduction to 
psychology as its modest subtitle might 
suggest. The ‘riddle of man’ the book 
as its. subject matter concerns 
3 biologieal. Daire and its interac- 







Man’s biological make-up is seen as 
influencing the social order he creates 
and in turn social patterns are shown to 
modify the way biological processes op- 
erate, But the author does not concep- 
tualise man as a passive responder to 
environmental stimuli and he explicitly 
rejects the view that in order to under- 
stand human behaviour one has to ex- 
amine it solely in terms of rewards and 
punishments which follow actions (as 
does Skinner). The author defines psv- 
chology as the science of behaviour and 
mental activitv—a deliberate choice of 
words since he considers it as one of 
man's remarkable qualities that he not 
only acts but is an observer and critie of 
his own actions. Psychology is presented 
as one of many interrelated diseiphnes— 
biology, anthropology, sociology and ee- 
onomies, all of which attempt to contrib- 
ute to an understanding of man and 
society. The author draws on all these 
sciences and borrows their insights but 
his focus is a psychological analysis of 
the individual's biological and social de- 
velopment, his internal motivation and 
overt responses, his mental and emo- 
tional states and his reactions to stress 
and change. 

The book is unusual for a textbook 
in psychology in that it tells a coherent 
and compelling story; it ‘addresses it- 
self to some of the unsolved issues of 
current—and perennial—human concern 
and to this end has been organised 
around four key issues: the physical and 
social environments of man: the psy- 
chology of aggression: prejudice and 
intergroup hostility; and adaptation 
versus ahenation. This book, then, is 
problem-centred and continuously forges 
imaginative links with the student's own 
world and experience. But, within this 
framework, it also introduces the reader 
fo a great many basie psychological and 
social psychological processes, concepts 
and theories. It presents competing pa- 
radigms and theories and makes explicit 
their assumptions and consequences and 
hence challenges the student to come to 
his own conclusions and to forego a 
premature and too exclusive theoretical 
commitment of his own—be this a com- 
mitment to behaviourism or to Freud or 
to anything else. Thus, at all times the 
student is presented with scientific con- 
troversies which are patiently and skil- 
fully explored to give the student a 
sophisticated grasp of the issues. Thus, 
for instance, in discussing the failure 
of individuals to cope successfully with 
the stress of living and to find inner 
harmony, both the ‘illness model’ and 
the ‘social learning model’ are examined 
as a basis for understanding adayfive 
failure. 

This book is beautifully produced, 
superbly illustrated with imaginatively 
chosen photographs, cartoons and dia- 
grams. A further feature are quotafions 










































in the margins from important + 
sources and detailed notes ot 
ical, methodological and empu 
which provide a useful underpinning oio 
the text. 

Hepy Broww 


Semiconductors 


Semiconductor Ph vie 
Seger, Pp. ies old. 


New "York. 1973.) 430 ag: Vi 
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“Tris book has been designed y 
as a text-book for a three 
three-hour per week senior or 
course m semiconductor phy Sie 
dents in electrical engineering: 
es": to quote its preface. The 
no easy option, for the book et 
enevelopaedie thoroughness ned 
aspect of semiconductor ph 
breadth if not always in dep 
introduetory chapters on sleme 
properties, band structure ane 

conductor statisties, the follow# 
are discussed: charge and ene 
port in a non-degenerate ele 
earner diffusion processes, wit 
treatment of transistors: 
processes mo 4 spherical 
model; charge transport and se 
in the many-valley model: carrier 4 
port in the warped-s] shere model a 
tum effects in transport pheno 
impact ionisation and avalanel 
down; optical absorption and r 
photoconductivity ; semicondt 
generation; surface proper 
miscellaneous semiconductors. 
is well illustrated with 372 f 
taken. from the ai i Fe 











aa ing ana nie 

There are two features which a are ug 
usual m a book of this nature. Comn! 
derivations, inchiding the a bey 
equations, are given in the text of < 
numerous mathematical relations. 7 


less numerate student, unfortur 
creases the algebraic content of 
at the expense of its phys 
The second feature is the + 
over 650 references in the 
of them fo books of si 
most cases these refere 
useful supplement to i 
given in the text. In s 
ever, they are used as 
such information. The in 
conductor technique of gone 
mentioned on pages 1 and 153, T 
first case it is accompanied by a E 
tnce to three books and sever 
volumes, and in the second 


nature of zone refining, an omission: 


196 


ceptable in a research paper but not in 
a textbook. i 

Despite these blemishes, the book pro- 
vides a well written, comprehensive 
account of the transport and optical 
properties of semiconductors, which 
should prove useful not only to ‘senior 
or graduate’ students, but also to re- 
search scientists in the area of semicon- 
ductor physies. 

J. B. BIRKS 


Leukocytes collecting 


Chemotaxis and Inflammation. By Peter 
C., Wilkinson. Pp. viii+214. (Churchill 
Livingstone: Edinburgh and London, 
1974.) £4. 


THERE is an analogy between the way 
in which research on leukocyte chemo- 
taxis has been conducted and the move- 
ment of leukocytes themselves. For years 
there was more or less random observa- 
tion by pathologists, bacteriologists and 
immunologists, who reported chemotactic 
activity for neutrophils or mononuclear 
phagocytes in a variety of products of 
bacterial growth, tissue injury and im- 
mune reactions. A distinction was made 
between cytotaxins, which themselves 
stimulate the directional movement of 
cells, and eytotaxigens, which bring 
about a chemical change in non-chemo- 
tactie molecules, usually serum consti- 
tuents, as a result of which evtotaxins 
are generated. From all this work a 
long list of chemotactic factors has ac- 
cumulated, some of which are controver- 
sial. 

Two technical innovations improved 
the quality of research in this field. One 
was the introduction of the Boyden 
chamber and developments of it which 
made observations on chemotaxis more 
quantitative. The second was the avail- 
ability of new methods for purifying 
chemotactie factors such as complement 
components. At present research on 
chemotaxis is gaining fresh impetus. 
Random activity and accumulation of 
miscellaneous observations is now being 
replaced by studies directed towards the 
purification and characterisation of 
eytotaxins and ascertaining how they 
act on leukocytes. Although the progress 
so far made is limited, the direction is 
obviously right. 

Some cytotaxins, such as a,-casein 
and the cleavage products of comple- 
ment components, C3a and C5a, have 
been identified and quite a lot is known 
about the chemical composition of casein 
and C3a. The first steps have been 
taken towards defining the physico- 
chemical properties of a molecule that 
make it cytotaxic. Wilkinson’s own re- 
search on the generation of chemotactie 
activity when proteins are denatured or 
coupled with acid anhydrides or other 
groups is a contribution inthis direction. 

It seems as though basie peptides 


with specific conformations, such as the 
arginine-rich C3a, or proteins with rather 
high concentrations of surface non-polar 
groups, such as a,-casein and denatured 
or substituted proteins, are cytotaxic. 
Possibly the former interact. with and 
cluster certain acidic glycoproteins in 
the surface of the leukocyte whereas 
the latter penetrate into the membrane 
of the leukocyte. Both could increase 
the permeability of ions, such as cal- 
cium, through the leukocyte membrane, 
thereby triggering chemotactic responses. 

Books on chemotaxis are out of date 
and out of print. This year will see the 
publication of two books on chemotaxis, 
a multi-author volume edited by Sorkin 
and the shorter monograph by Wilkin- 
son under review. The latter is a well 
written introduction to the subject 
which will provide enough information 
for all but specialists. Scotland is neu- 
tral ground in the skirmishes that have 
sometimes developed between Switzer- 
land and the eastern seaboard of the 
United States, and Wilkinson provides a 
balanced appraisal of the situation. 
Where available information is confus- 
ing, such as in the role of cycle nucleo- 
tides in the responses of leukocytes to 
chemotactic factors, this is plainly stated. 
Perhaps observations on activation of 
guanylate cyclase, too recent to be in- 
cluded by Wilkinson, will help to resolve 
the problem. 

In any case, there is current Interest 
in the motility of cells, which depends 
on an actomyosin system similar to that 
in smooth muscle, on mechanisms by 
which attachment of various substances 
to plasma membranes can trigger cellu- 
lar responses and on the behaviour of 
embryonic and other cells in concentra- 
tion gradients. These developments in 
cell biology should soon be applicable to 
chemotaxis. Wilkinson’s book provides 
a useful summary of the first fifty vears 
of research on chemotaxis and can also 
serve as an introduction to the next 
phase of development. Perhaps it will 
stimulate cell biologists to use leukocyte 
chemotaxis as a model system which is 
of interest in itself and also relevant to 
medicine. 

A. C. ALLISON 


Climatic change 


Éléments de Paléoclimatologie. By Ray- 
mond Furon. Pp. 216. (Sciences de la 
Terre.) (Librairie Vuibert: Paris, 1972.) 
n.p.’ 

Trere is a clear need for a new objec- 
tive, systematic review of palaeoclima- 
tol8gy, but Furon’s contribution, instead 
of improving on the three emain books 
is more likely to retard this interdis- 
ciplinary science.elt commences with a 
chapter of statements about the char- 
acteristics of present climatic zonation, 
but® without emphasising the underlying 
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causes, and is followed by an inadequate 
outline of uncomprehended theones that 
could cause climatic change. Forty-nine 
pages are given, according to the title, 
to methods of palaeoclimatology. They 
turn out to be seriously incomplete yet 
space is wasted returning to arguments 
about continental drift mstead of mak- 
ing necessary qualifications to bald state- 
ments such as striated and polished 
stones proving a glacial orngm; illite, 
mica and feldspars in shales associated 
with Carboniferous coal being incom- 
patible with a humid, tropical climate; 
and so forth. The objective evaluation 
of climatic indicators should be possible 
irrespective of the status of theories of 
the Earth’s surface evolution. 

The second section comprises five 
chapters dealing with different time 
spans which contain patchy lists of stra- 
tigraphic features, only some of which 
are of palaeoclimatic usefulness—for ex- 
ample, the thickness of Mesozoic vol- 
eanies in Mozambique is surely less cli- 
matically significant than the coral reefs 
of the North American and European 
Permian that are neither mentioned nor 
shown on a map purporting to show 
their distribution. Despite his own warn- 
ings, the author interprets all occurrences 
of Gangamopteris and Glossoptens as 
indicating warm, humid conditions, and 
the interbedded glacial debris as al- 
ways from mountain glaciers asso- 
ciated with an unexplained 300 million 
year climatic cycle of ice ages. He ad- 
mits, however, to being “un peu troublé” 
by the absence of glacial evidence from 
continents north of the Tethys and 
sprinkles the section dealing with the 
Carbo-Permian of Europe with “climat 
chaude”, “chaude et humide”, and so 
on, sometimes based on the presence of 
evaporites, but often without specify- 
ing the evidence. Luckily, the data are 
plotted on maps using the present ge- 
ography and so avoid arguments about 
reconstructions, which Furon disbelieves, 
and which even those on the plate-tec- 
tonic bandwagon must still regard as 
subject to review, 

The 16 palneoclimatic maps are re- 
erettably small, less than 12 X 8 em, so 
that symbols (often only one or two per 
map) often overlap areas far distant 
from the actual outcrop and are all the 
same size, irrespective of such factors 
as the thickness of the evaporites rep- 
resented. There is no index, but quite 
long bibliographies follow each chapter. 
This arrangement leads to repetition, so 
that Furon’s La Paléogéographie is listed 
five times but Termier and Termer’s 
Atlas de Paléogéographie only appears 
once and Harland’s work on the late 
Precambrian is not mentioned anywhere. 
Nonetheless, the bibliographies are the 
most useful part of this unsatisfactory 
book. 

| D. H. TARLING 
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Nering: 
ELEMENTARY LINEAR ALGEBRA 


The material, in this text, is presented by use of a 
careful integration of conceptual material with concrete 
computational methods. Each abstract concept is 
identified computationally or geometrically, and every 
abstract argument or proof is realized in a computational 
process either by example or by description. 


By Evar D. Nering, Arizona State University 


375 pages. __ Illustrated. February 1974. £4.70 
Barnes: 

INVERTEBRATE ZOOLOGY 

Third Edition 


This book has been the leading text in its discipline 
for several years, and this edition is a strong and 
careful revision. In addition to updating the material, 
Dr. Barnes has changed his emphasis somewhat, 
more ecological and behavioural ideas. The results 
should be presentations that are easier for the students 
to learn. 


By Robert D. Barnes, PhD, Professor of Biology. 
Gettysburg College. 


About 775 pages. Ready June 1974. Approx. £5.75 


Guyton: 
FUNCTION OF THE HUMAN BODY 
Fourth Edition 


A leading text for elementary courses in human physio- 
logy, requiring little background of the students and 
featuring some notably clear writings and illustrations. 
Among the chapters that have been heavily rewritten 
are those on genetic control of protein synthesis, 
transplantation, the role of the renin-angiotensin system 
in renal hypertension, and the regulation of cardiac 
output. 


By Arthur C. Guyton, MD, Professor and Chairman, 
Department of Physiology and Biophysics, University 
of Mississippi School of Medicine. 


473 pages. 363 illustrations. February 1974. £4.50 
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Brescia et al: 


CHEMISTRY: A MODERN 
INTRODUCTION 


This text is designed to provide a background in the 
fundamentals of chemistry for students of varying 
chemical training. No previous background in chemistry 
or mathematics beyond elementary arithmetic is 
needed to learn from this text. Although written in 
relatively simple language, subject matter is not slighted 
and is sufficient to prepare the student for advanced 
study in chemistry. 


There is a STUDENT'S GUIDE by David W. Brooks 
which has been prepared as an ancillary work to 
accompany this text. 


By Frank Brescia, PhD, Department of Chemistry, 
CCNY; Stanley Mehlman, PhD, Department of Chemis- 
try. SUNY at Farmingdale; and Seymour Stambier, 
Department of Chemistry, Staten Island Community 
College. 


About 700 pages. illustrated. Ready May 1974. 


Approx. £5.90 


Blakemore: 
SOLID STATE PHYSICS 
Second Edition 


This text contains a unified and coherent treatment of 
the most important phenomena of Solid State Physics. 
The unifying thread of the book lies in the description 
of the periodic structure of a crystalline solid and on. 
the effects periodicity has on the motion of electrons 
and on the allowed spectrum of lattice vibrations. 


This text will also be published in a paperback edition. 
Publication should be simultaneous with the hardback 
edition. 


In publishing the second edition we have taken into 
consideration requests for S.l. units to be used, 
therefore in this edition S.l. units are employed 
throughout. 


By John S. Blakemore, PhD, Florida Atlantic University, 
Boca Raton. 


About 400 pages. Ready June 1974. Approx. £6.75 
(Paperback approx. £3.40) 
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Solar activity and 
climatic change 


Sirn,—Fellowing John Gribbin’s article 
(Nature, 246, 453; 1975), we wish to 


draw vour attention to an unpublished 
thesis by Dr J. Laszewski (University 
of Warsaw) which supports CGribbin’s 
suggestions (see also ref, 1). A transia- 
tion of this thesis is available m the 
library of The Institution of Civil En- 
PINCETS, 

Laszewski (now pre, fessor at the Uni- 
versity del Zulia m Maracaibo, Vene- 
zuela) has ie long term rec- 
ords of the mean annual cischarges of 
many rivers in Europe, North and South 
America, Africa and Australia. He dem- 
onstrated that the mean annual dis- 
charge varies in a cyelie manner which 
is connected in a complex way with the 
eyeles of sunspots. This is a result of 
the changes in the atmospheric cireula- 
tion an lueneed by the sunspot cyele. 
i long eyeles are divided into shorter 
eveles, s0 the story is very complex. 

Although none of the records of river 
discharges examined cover more than 
about 150 yr and most cover less than 
100 yr, one may suspect that the cycle 
of 200 yr suggested m Cn ‘ibbin’s article 
is detectable. 








Yours farhfully, 

T. AL Prus-CHAciNSKI 
C. H. Dobbie and Partners, 
Francis House, 
Francis Street, 
London SWI 

dR., 
Imperial College, 
Prince Confort Rd, 
London SW? 


iStachy, J, Long term variation of the 
runoff of Polish rivers (Institute of 
Meteorology and Hydrology, Warsaw, 
1970) Gn Polish). 
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Refining geoid heights 


SiR;—In their recent paper refining the 
longitude-averaged geoid height with 
improved values for the zonal harmonies 
in the geopotential, Kmg-Hele and 
Cook! show their latest version of the 
height of the meridional geoid section 
relative to a spheroid of flattening 
~1/298.25. In this definition an axially 
“symmetric Earth is assumed. 

Hf the distribution of Precambrian 
exposed and overlaid rocks? is ex- 
ressed as the ratio of their oecurrence 
ng a particular line of latitude to 
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the total length of that lme (that is 


longitude 0° to 360°) and plotted 
against latitude, there seems to be rea- 
sonable correlation with geoid height. 


The aetual proportions are plotted 
Fig. 1 together with a smoothed curve 
on twice the seale. | 

A similar correlation exists with longi- 
tude for the gravimetric geoid published 
by Marsh? which agrees well with the 
Smithsonian Standard Earth 1969 (ref, 
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Pic. 2 Detailed gravimetrie geoid at 
latitude 35° N showing correlation 
with geological formation. 


4). The geoid height at latitude 35°N 
is plotted against longitude in Fig. 2 
and the distribution of Precambrian 
rocks is shown together with the extent 
of regions of Tertiary and Hercynian 
folding, which appear to have some 
significance, particularly in regions of 
orogeny such as 35°N, 65°F. 

The surprising feature of these effects 
is that the geoid height seems to be 
lower than the 1/298.25 spheroid in 
the stable land areas and higher than 
it in the oceanic areas. This is the 
reverse of what would have been *ex- 
pected intyitively. : 

Yours faithfully, 
B. P. Day 


Chedworth, * 
Dippenhall Street, è 
Crondall, Farnham, Surrey ° 
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menis in Sciences NASA 
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Left and right in 
Goya's portraits 





McManus and ee i have 
scribed biases in the frequeney 
which more of the right or left side 
faces are shown m paintings. Exen 
tion of 1776 portraits by different al 
revealed that, overall, 67% 
of the left. side of the 









more of the right side of the face {6 
of those examined), male q 
tended to show more of the left 
of the face (569%) and female px #8 
showed an even stronger bias tewards 
the left (68%) 

In an at of 334 
Rembrandt, the same authors four 
the frequency with whieh more 
left face is shown increases pr 
across the following ia claw 
self, male kin, male non-kin, 
female non-kin. To explain t thi iS 
suggested that the categories 
positions on a dimension ` 
myself—socially unike m 
which Rembrandt placed his sitte: 
choice of mainly left or meht f 
an indication by Rembrandt as. 
he perceived his social relationship > 
the subjects of his portraits. _ 

Table 1 summarises an ana: 
portraits by Goya taken from ¢ 
Rensive ilust rated account of fOr) 
Each portrait was classified sim 
























































ge L aeaiia ai (Fabrioiits} in: the: T aa, with 


Male Tenit Male F emile 
Self kin kin non-kin non-kin 
No. of portraits examined - 14 12 185 70 
No. showing more of the left face 9 4 95 50 
A 50.0 64.3 33.3 51.4 71.4 





showing either full face, or more of the 
left or right side. The classification of 
each sitter’s relationship to Goya follows 
that adopted by McManus and Hum- 
phrey. The male kin and female kin 
categories include members of the Bayeu 
y Subias and Goicoechea families to 
whom Goya became related through his 
marriage and that of his son Javier. 
Analysis of the data in Table 1 shows, 
firstly, that Goya’s portraits fit the gen- 
eral pattern discovered by MeManus 
and Humphrey in that a majority (56% 
overall) show more of the sitter’s left 
face. This result is statistically signifi- 
cant (Binomial Test, Z = 1.98, P = 
- 0.024, one-tailed), There is also a sig- 
nificant sex diffefence in that, overall, 
female portraits are more likely to show 
the left side of the face (xy? = 44, 
P < 0.05); this result agrees with the 
original finding by McManus and 
= Humphrey. Analysis of the data in 
- terms of kin compared with non-kin, 


~ however, does not reveal any significant 


relationship (x? < 1.0). More detailed 
examination of Goya’s portraits makes 
it seem even more unlikely that per- 
ceived social relationships influenced 
Goya’s choice of which side of faces to 
paint: thus of 15 of Goya’s self por- 
traits, one is full face, seven show more 
left face and seven more right; of the 
four portraits of Goya’s son, two show 
more left face, two more right; all three 
portraits of Goya’s beloved grandson, 
Mariano, show more left face. 

Whilst Goya’s works provide evl- 
dence which agrees with McManus and 
-Humphrey’s interesting general findings 
about left and right in portraits, their 
hypothesis relating choice of side and 
the relationship between artist and sitter 
is not supported. This could mean either 
that the effect occurs only with certain 
artists, or that certain relationships dis- 
covered in Rembrandt's portraits are 
due to other causes, some of which have 
already been suggested?. 

Yours faithfully, 
I. E. GORDON 
Department of Psychology, 
The University, Exeter 


-1 MeManus, C., and Humphrey, N., 
Nature, 243, 271-273 (1973). 

2 Humphrey, N., and McManus, C., New 
Scient., Ba 437-439 (1973). 

3 Gassier, P., and Wilson, J., Goya, Has 
Life Le His Work (Thames and 
Hudson, London, 1971). 

4 Corlett, T. McGlone, B., and Wheale, 
N. H., ‘New Scient, 59, 581-582 
(1973). 


* 


-of Engineering Institutions, 


Announcements 


Reports and Publications 


not included in the Monthly Books 
Supplement. 


Great Britain and ireland 


Natural Resources, the Engineer and the En- 
vironment. By Sir Kingsley Dunham, FRS. (19th 
Graham Clark Lecture). Pp. 24, (London: Council 
2 Little Smith Street, 
SW, 1973.) (3112 

Department of the Environment. Report of the 
Committee on the Use of Valuers in the Public 
Service. (Cmnd. 5518) Pp. v + 33. (Landen: 
HMSO, 1973.) 24p net. {3112 

i redo of Puu ation and Science, Statistics 
of Education 1972. Vol 5: Finance and Awards. 
Pp. xvii + 59. (London: HMSO, 1973.) £1.70 
net, [3112 

Proceedings of the Royal Society of London. 
B: Biological Sciences. Vol. 184, No. 1076: A 
Discussion on the Biology of an Equatorial Lake— 
Lake George, Uganda. Org: anized by P. H. Green- 
wood and J. W. G. Lund. Pp. 227-346. Vol. 184, 
No. 1077: A Discussion on the “Value of Automa. 
tion in the Health Service. Organized by D. A. L 
Tyrrell. Pp. 347-481. (London: The Royal Society, 
1973.) [31 


The Commonwealth Foundation. Report IF, 
July 1971-June 1973, Pp. 81. (London: The 
Commonwealth Foundation, 1974.) [141 

Progress Without Pain. (Text of Speeches given 
at the Seminar on the Potential of Humane Non- 
Animal Research Techniques, London, March 
1973.) Pp. xii4+-76. (London: The National 
Anti-Vivisection Society, 51 Harley Street, W1, 
1974.) 75p. [1 41 

Proceedings of the Royal Trish Academy. Vol. 
73, Section A. No. 21: Tensor Products, Multi- 
plication Operators and the Spectral Mapping 
Theorem. Hy E. Harte. Pp. 285-302. 42p. 
No. 22: a ‘Singular and Strictly Cosingular 
Operators on Topological Vector Spaces. By G. 
Shannon. Pp. 303-308. No, 23: Operators Gen- 
erating Weakley Compact Groups IL By T. A. 
Gillespie and T. FT. West. Pp. 309-326. 42p. 
Vol. 73, Section B. No. 23: Drumlins of County 
Clare. By T. F., Finch and M, Walsh. Pp, 405- 
414+ plates 18-20. 27p. No. 24: Population 
Dynamics of Ra Maes Geese, Branta leucopsis, in 
Ireland. By D. Cabot and B. West. Pp. 415-444. 
45 p. No. 25: ‘Littoral and Benthic Investigations 
on the West Coast of [reland—IT, (Section B: 
Shellfish Investigations, the Occurrance of Fali- 
nurus mauritanicus Gruvel, 1911 on the West 
Coast of Ireland, Decapoda Palinuridae). By 
T. P. Mercer. Pp. 445-4504- plate 21. 16p. No. 26: 
Littoral and Benthic Investigations on the West 
Coast of Treland——-T. (Section A: Faunistie and 
Ecological Studies). The Sponge Fauna of Kil- 
kieran Bay and Adjacent Areas. By G. Kon- 
necker. Pp. 451-472, 35p. (Dublin: Royal Trish 
Academy, 1973.) [143 


Other countries 


Smithsonian Contributions to Zoolog y, No. 127: 
A Revision of the Family Lichomolgidae Koss- 
mann, 1877, Cyclopoid Copepods Mainly Associated 
with Marine Invertebrates. By Arthur G. Humes 
and Jan H. Stock. Pp. v+368. (Washington, DC: 
Smithsonian Institution Press, 1973. For sale by 
US Government Printing Office.) $4.30. [2012 

Carnegie Institution of Washington, Report of 
the President, 1972/1973. Pp. 38. (Washington, 
DC: Carnegie Institution of Washington, 1973.) 

ARE? 

Australian Atomic Energy Commission. eens: 
first Annual Report, 1972/1973. Pp. 128. (Coogee, 
NSW: Australian Atomic Energy Commission, 
1973.) [3112 

Australia: Commonwealth Scientific and Indus- 
trial Research Organization. Annual Report of the 
Dwision of Chemical Physics, 1972/1973. Pp. 64. 
(Clayton, Victoria: CSIRO, 1973.) 

ustralian Academy of Science, Report of the 
Committee on Solar Energy Research in Australia. 
(Report No. 27). Pp. 63, (Canberra, ACT: Aus 


tralian Academy of Science, 1973.) [3i 


Annals of the Tra@svaa} Museum, Vol. 28, No. 
13: Human SkeletaleRemains from Border Cave, 
Ingwavuma District, Kwazulu, South Africa. By 
Hertha de Villiers. Pp. 229--256 + 9 plates. Vol. 
28,@No. 14: Behaviour and Biology of Leptoglossis 





Descriptions of the Genitalia. (Heteroptera: Co- 
reidae), By J. A. Van Reenen, Pp. 257-286. Vol. 
28, No, 15: Two Species of Antidorcas Sundevall 
at Swartkrans (Mammalia: Bovidae). By E. S. 
Vrba. Pp. 287~3524-9 plates. Vol. 28, No. 16: 
Notes on Stomach Contents Analysis of Various 
Carnivores z Southern Africa (Mammalia: Carni- 
vora), By S. Viljoen and D, H. S. Davis. Pp. 
353-364. (Pretpria: Transvaal Museum, ear 


{7 

The Walter and Eliza Hall Institute of Med. 
ical Research 1972/1973. Pp. 136. (Melbourne; 
Walter and Eliza Hall Institute of Medical Re- 
search, Post Office, Royal Melbourne Hospital, 
1973.) [71 

New Zealand Meteorological Service. Rainfall 
Percentiles: Tables of Percentiles, Means, Stam 
dard Deviations, and Extremes, of Monthly, Sea- 
sonal, and Annual Rainfall for New Zealand and 
Pacific Island Stations. Pp, 98. (Wellington: Gov- 
ernment Printer, 1973.) 7} 

Australia: Commonwealth Scientific and Indus- 
trial Research Organisation. Report of the Division 
of Horticultural Research 1971/1973, Pp. 148. 
(Adelaide: CSIRO, 1973.) [71 

Fiji, Report of the Department of Agriculture 
for the year 1972. Pp. 40. (Suva: TRER 
of Agriculture, 1973.) 

La Vita di Copernico di Bernardino Baldi der 
Anno 1588, alla luce dei Ritrovati Manoscritti 
delle Vite dei Matematici. By Bronislaw Bilinski. 
(Wroclaw and Warszawa: Zaklad Narodowy 
Imienia Ossolinskich, Wydawnictwo Polskiej Aka- 


demii Nauk, 1973.) f8! 
Svenska Linnésaliskapets Arsskrift, Argang 
1970-1971. (Yearbook of the Swedish Linnaeus 


Society. (Pp. 135. (Uppsala: Swedish Linnaeus 
Society, 1973.) [R] 

OECD Nuclear Energy Agency. First Activity 
Report. Pp. 85. (Paris: OECD Nuclear Energy 
Agency, 1973.) {11i 

Australia: Commonwealth Scientific and Indus- 
trial Research Organization. Division of Soils 
Technical Paper No. 19: Techniques of Oblique 
Aerial Photography of Agricultural Field Trials. 
By . Harris and T. Haney. Pp, 40. ( Mel- 
bourne: CSIRO, 1973.) {111 

Canada: Department of Energy, Mines and Re- 
sources. Geological Survey of Canada. Paper 73-8: 
Granulate Facies Rocks on Northeastern Devon 
Island, Arctic Archipelago. By J. Krupicka. Pp. 
41 (6 plates). $1.50. Paper 73-24: Medial Lower 
Cambrian Trilobites from the Mackenzie Moun- 
tains, Northwestern Canada. By W. H. Fritz. Pp. 
43 (8 pro $2. Pamphlet on Meteorites. (0t 
tawa: Information Canada, 1973.) [111 

United States Department of the Interior: Ge- 
ological Survey. Bulletin 1305: A Geochemical 
Reconnaissance for Gold in the Sedimentary Rocks 
of the Great Lakes Region, Minnesota to New 
York. By David A. Seeland. Pp. 16. (Washing 
ton, DC: Government Printing Office, 1973.) 35 
cents. {ill 

Environmental Education at University Level: 
Trends and Data. Pp. 320. (Paris Cedex: Centre 
for Educational Research and Innovation, 1973.) 
30 francs; £2.66; $7.50, DM 18.80. [iil 

South African Sugar ‘Association. Annual Re- 
port of the Ex xperimeni Station for 1972/1973. Pp. 
52. (Mount Edgecombe, Natal: South African 
Sugar Association, 1973.) {111 

The Major Groups of Palms and Their Dis- 
tribution. By Harold E. Moore, Jr. Pp. 115. (Re- 
printed from Gentes Herbarium 112), 1973.) Pp. 
115. (Ithaca, New York: H. Bailey Hortorium 
of the New York State olegs of Agriculture and 
Life Sciences, Cornell University, 1973.) fli 

World Health Organization—International 
Agency for Research on Cancer. Annual Report, 
1972/1973. Pp. 133. (Lyon, France: WHI, Iu- 
ternational Agency for Research on Cancer, 1973.) 


Scientist and Engineers for the Nuclear Age-— 
Final Report on the Atomic Energy Commission 
Fellowship Programs, 1948-1973, Pp. 60. (Oak 
Ridge: Oak Ridge Associated Universities, ware 

European Organization for Nuclear Research-~ 


CERN. CERN 73-16: Transport: Computer Pro- 
gram for Designing Charged Particle Beam Trans- 
port Systems. By K. L. Brown, D. C. Carey, 
Ch. Iselin and F. Rothacker. Pp. vi+113. 
(Geneva: CERN, 1973.) {141 


Health Effects of Environmental Pollution. Pp. 
20. (Washington, DC: US Environmental Pro- 
tection Agency, 1973.) {141 

The Rising Tide: The ILO Looks at the Popu- 
lation Problem. Pp. 40. (Geneva: International 
Labour Office, 1973.) {141 

United States Department of the Interior: 
Geological Survey. ater-Supply Paper 2029-C: 
Use of Finite-Difference Arrays of Observation 
Wells to Estimate Evapotranspiration From 
Ground Water in the Arkansas River Valley, 
Colorado. By E. P. Weeks and M. L. Sorey. 
Pp. iii+27. (Washington, DC: Government Print- 
ing Office, 1973.) 50 cents. {141 

University of Alaska. Annual Report of the 
Geophysical Institute, 1972/73. Pp. 182. (Fair- 
banks: Geophysical Institute, University of 
Alaska, 1973.) fiól 

East African Community, Annual Report of 
the Freshwater Fisheries Research Organization 
for 1971. Pp. 56. (Jinja, Uganda: East African 
Freshwater Fisheries Research Organization, 
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publication, provides the opportunity for 
interdisciplinary communication and increasing 
fertilization of ideas across the artificial bou ndaries 
created by overspecialization. This journal, published 
bi-monthly. offers up to date information and synthetic 
views of a problem underlining the whole biological 
phenomenon ~ differentiation. 

The first five issues contained papers on: 
Degree of differentiation in nonproliferating cells of 
mammary carcinoma. C. V. Wylie, P. K. Nakane and 
G. B. Pierce. 
Polyribosome profiles and polyribosome-associated RNA at 
Friend leukaemia cells following DMSO-induced 
differentiation. H. D. Preisler, W. Scher and Charlotte Friend. 
Studies on cytology and differentiation in Sciaridae. 5. Electron microscopic studies on 
the salivary glands of Brady sia elegans Morgante (Diptera, Sciaridae). A. B. Da Cunha, 
R. W. Reiss, C. Pavan, J. J. Biesele, J. S. Morgante and M. C. Garrido. 
The principle of sequential dependence in cellular differentiation. P. A. Riley. 
Time lapse filming of cellular interactions in organ culture. 2. The behaviour of 
malignant cells. E. J. Ambrose and Dorothy M. Easty. 
intercellular levels of cyclic nucleotides during cell enlargement and cell division in 
excised tobacco pith tissues. C. V. Lundeen, H. N. Wood and A. C. Braun. 
Pattern formation in Dictyostelium discoideum: temporal and spatial distribution of 
prespore vacuoles. Ursula Muller and R. Hohl. 
The enrichment of egg-type RNA in cleavage stage embryos of the sand dollar 
Dendraster excentricus. Shigeki Mizuno, H.R. Whiteley and A. H. Whiteley. 
DNA svyathesis and the production of antibodies by lymphoid tissues. G. Harris. 
Neurite extension by mouse neuroblast: evidence for two modes of induction. 
P. Furmansk1. 

The journal aims to cover the following areas of study: embryonic 
Differentiation, normal cell growth and division, carcinogenesis and the cancer 
problem as an aspect of cell differentiation, inter-tissue reactions if vive and fa viO, 
genetic mosaicism, nucleo-cytoplasmic interactions, nuclear transplants, cell 
hybridization, evolutionary biology, membrane controls of the cell, plant evolution 
and differentiation, immunological events relevant to differentiation. 

Contributions for publication are invited by The Editor. 

Editor: Dimitri Viza. Faculté de Medecine Pitié-Salpétriere, 
Laboratoire d Immunobiologie. 105 Boulevard de Hopital, 75034 Paris Cédex 13, France. 

Editorial Board: E. J. Ambrose, R. Auerbach, J. Brachet, A. Braun, D.A. L. 
Davies. B. Ephrussi, H. Holtzer, F. Jacob, N. J. Jerne, C. Kafiani, G. Klein, Rita 
Levi-Montalcini. A. Lwoff, R. G. McKinnell, C. L. Markeri, Beatrice Mintz, C. 
Pavan; B. Pierce, S. Spiegelman, G. Tocchini-Valentini, S. Toivonen, D. Yaffe. 
T. Yamada. 
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way contravene the provisions of the Trade 
Descriptions Act 1968 and the Race Relations Act 
1968. The Publisher also reserves the right to 
refuse, amend, withdraw or otherwise deal with 
all advertisements submitted to him at his absolute 
discretion and without explanation. All advertise- 
ments must comply with the British Code of 
Advertising Practice. 

The Publishers will not be liable for any loss 
occasioned by the failure of any advertisement to 
appear from any cause whatever, nor do they 
accept liability for printers’ errors, although 
every care is taken to avoid mistakes, 
Semi-displayed £3.60 per 10 mm. Minimum £7.20, 
each additional 2 mm 72p. Full page £230.00, Half 
page across £125.00. 30p is charged for the re- 
direction of replies co advertisements with a box 


number, 

ADVERTISEMENTS SHOULD BE ADDRESSED 
TO: T. G. Score and Son, Limited, | Clement’s inn, 
London, WC2A 2E€D. Telephone: 01-242 6264, 
Telegrams: Textualist, London, W.C.2. 























APPOINTMENTS VACANT 






UNIVERSITY OF STIRLING 
PLANT BIOLOGY 

ARC. RESEARCH ASSISTANTSHIPS 

: Applications are invited for research assist- 

j antships on the following topics: 

1. The role of Phytoalexins in the resistance 
of the broad bean to fungal infections 
with Dr. J. W. Mansfield). 

2. Physiological aspects of seed development 
im peas (with Dr. S, Matthews). 
Successful applicants will be expected to 

register for Ph.D. degrees. Enquiries to 

Professor H. Meidner, Biology Department, 

University of Stirling, Stirling FK9 4LA. 

(i785) 














BIOCHEMIST 


` yequired to join group studying male reproduction 


.. and fertility control. Previous experience in hormone 
assays of advantage. Knowledge of German not 
required, Salary range: DM 2,000 to DM 3,000 per 
month. Apply to: Wr. E. Nieschlag, 2. Medical 
~ (Unie of the University, Moorenstrasse 5, 4 Diissel- 
 dorf (Germany). (1787) 


Uhmann akiniai reirm mn mre ert bdrm inns ran i  a n n 


IMPERIAL COLLEGE 


DEPARTMENT OF CHEMISTRY 
POSTDOCTORAL RESEARCH ASSISTANT re- 


quired for S.R.C. sponsored work on computer 
studies of absorbed fluids. Appointment for 2 vears 
under supervision of Dr. D. Nicholson and Dr. 
es, N. G. Parsonage, to begin on September 30, 1974 
A Aa nan Psat Salary £1,929 
. (Seaie under review) plus £162 Lond ‘ance 
NPS SU. p ondon Allowance, 













< Applications, naming two referees, to Dr. D. 
‘Nicholson, Department of Chemistry, Imperial 
‘College, London SW7 2AY before June 10, 1974. 
(1790) 


<n nner U 


FIELD STUDIES COUNCIL 


Required for September 1974. Tutor at the Epping 
orest Conservation Centre, Essex. Single Debut ake 
to help with junior environmental work as well as 
more advanced classes. Duties also include sharing 
imterpretive services to the general public, Salary: 
£1,200 by £75 to £1,350, plus residential benefits. 
Closing date May 31, 1974. Further details and 
application forms from The Director, Field Studies 
Council, Preston Montford, Montford Bridge 
Shrewsbury SY4 IHW. (1791) ` 


tenn ee 


CHAIRMAN, DIVISION OF 
TUMOR IMMUNOLOGY 
ST. JUDE CHILDREN’S 
RESEARCH HOSPITAL 


St, Jude Children’s Research Hospital is seeking 
a distinguished scientist to organise and chair a 
division of tumor immunology. Applications are 
invited from persons with demonstrated expertise 
in basic immunology. Letters of application, with 
curriculum vitae, should be sent to: Dr. R. G. 
Webster, Chairman, Search Committee, St. Jude 
Children’s Research Hospital, P.O. Box 318, 
Memphis, Tenn. 38101. AN EQUAL OPPOR® 
TUNITY EMPLOYER/MALE AND FEMALE. 

(1792) 


CSIRO 
















SOLAR ENERGY STUDIES 
MELBOURNE VIC 


AUSTRALIA 


RESEARCH 
SCIENTIST 


The Commonwealth Scientific and industrial Research Organization has a broad 
charter for research into primary and secondary industry areas, The Organization 
has approximately 6,500 employees—-2,100 of whom are research and 
professional scientists-—~located in Divisions and Sections throughout Australia. 


GENERAL: The recently appointed Director of Solar Energy Studies has 
responsibility for developing policy and plans for research into the use of 
solar energy within CSIRO. This involves feasibility studies, determination of 
areas of best potential, analysis and provision of data needed in common by 
research workers in this field and contact with solar energy research workers 
in Australia and overseas. 


Application for the following position is invited from persons interested in 
participating in this programme. 






DUTIES: To undertake studies of the thermal applications of solar energy 
and generally to assist in the planning and execution of the Solar Energy Studies 
programme, including publication of the results of these studies, 


QUALIFICATIONS: A Ph.D. degree in Engineering or Science or equivalent 
qualifications, and demonstrable research ability. Experience in the industrial 
application of the results of research is required, not necessarily in the solar 


energy field, 


SALARY: The appointment will be within the salary ranges of Senior Research 
Scientist or Principal Research Scientist: $A12,298-——-$A17,077 p.a. 


TENURE: This position is available for an indefinite period and Australian 
Government Superannuation benefits are avaiable. 


Applications stating full personal and professional detgils, the names of at 
least two professional referees, and quoting Reference No. 428/3 should reach: 


The Personnel Officer, Australian Scientific Liaison Office, 64-78, Kingsway, 
London, WC2B 6BD by the 7th june, 1974. 


Applications in U.S.A. and Canada should be sent to The Counsellor (Scientific), 
Embassy of Australia, 1601 Massachusetts Avenue, N.W., Washington, 


20036, U.S.A. 


AUSTRALIA 
UNIVERSITY OF NEW SOUTH WALES 
WOLLONGONG UNIVERSITY COLLEGE 
To become 
THE UNIVERSITY OF WOLLONGONG 
on January 1, 1975 


PROJECT SCIENTIST 


Applications are invited from Pbh.D.’s with a baek- 
ground in quantum chemistry for the position of 
Project Scientist in the Department of Chemistry. 
The successful applicant will be expected to work 
with Dr. P. G. Burton on a project involving 
studies of the influence of the environment on the 
chemical reactivity of molecules in condensed media. 
New theoretical methods of electronic structure 
computation will be used and a detailed working 
experience with large fortran programmes will be 
an advantage. Of particular interest are transition 
metal systems and the study may impinge on areas 
of inorganic photochemistry and of functions of 
metafloproteins. 

Appointment in the first instance will be for 
fourteen months begimming Septegiber/October, 
1974, with initial salary of A$S.698 (£5,423 approx.). 

Further details of the project are obtainable from 
Dr. Burton and applicatjons should be made to the 
College Bursar, Wolohgong University College. 
P.O. Box 1144, Wollor&ong, NSW 2500, Australia, 
by May 31, 1974, l 

Applicants shoul request two referees to write 
Somes ely to the College Bursar, {1722) 


(1798) 


UNIVERSITY OF READING 
UNIVERSITY OF IBADAN 


METEOROLOGY 


Applications are invited for a new post of 
temporary (a) Lecturer/(b} Senior Lecturer in 
Meteorology, established in co-operation with the 
Inter-University Council for Higher Education 
Overseas. 


Candidates should possess a higher degree in 
Meteorology and/or have had appropriate research 
experience in Meteorology. The person appointed 
will be a full member of the staff of the Department 
of Geophysics in Reading, in which he will serve 
on home duties, but he (or at times a substitute 
from the Department) will be expected to spend 
four years on the contract period on secondment 
overseas to the University of Ibadan, Nigeria. The 
appointment wil be for a period of five years 
terminable by six months’ notice on either side. 


The British Government may provide supple- 
mentation under the British expatriates supplementa- 
tion scheme at the rate of (a) £950 p.a. for a 
married appointee or £450 single: (b} £1,150 or £650. 
Children's education allowances, holiday visit 
passages and other benefits may also be provided. 


Further particulars may be obtained from the 
Secretary, Overseas Service Unit, University, White- 
knights, Reading RG6 2AH, by whom applications. 
should be received by May 31, 1974, — G79 
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THE OPEN UNIVERSITY 
BIOLOGY TECHNICIAN (2b) 
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A vacancy exists for a BIOLOGY TECH- 
NICIAN (GRADE 2B} in the Faculty of 
Science commencing June 1, 1974 or as soon 
as possible thereafter. Main duties will include: 
assistance with course experimental work: the 
cumstruction and servicing of biology summer 
school and day school equipment: general 
Maintenance of services and equipment in the 
biology laboratories. 


Applicants should possess GNC. or eguiya- 
lent qualifications. Four to six years experience 
in laboratories {preferably biological, experi- 
ence of comstructing equipment and knowledge 
of the use of workshop caquipment will also 
be required, 


Salary, based on qualifications and experi. 
ance will be within the Grade 2B scale: £1,524 
to £1,794 per annurn, 


Further details and application forms are 
available from the Personnel Manager (TS2), 
The Open University, PO. Box 75, Walton 
Hall, Milton Beynes MK? 6AL. (Yel: Milton 
Keynes 74066, extn. 3068). Closing date for 
applications: Friday, May 24, 1974, (1794) 


BREWING INDUSTRY RESEARCH 
FOUNDATION 
NUTFIELD, SURREY 
CHEMISTS 


Two Chemists are required in the Chemistry 
Section to work on the chemistry of raw materials 
used in the brewing process. 

One appointment will be made at Research Fellow 
ipost doctoral) level for which experience in the 
chemistry of natural products would be a distinct 
advantage. 

The other appointment will be made at Experi 
mental Officer level and would be suitable for a first 


degree graduate whose main interest is organic 
chemistry. Students expecting to graduate this 


summer are invited to apply. 

Present salary range for both appointments £1,849- 
£2,848 pa. 

Applications, together with the names of two 
teferees and curriculum vitae should be sent to the 
Administrative Manager, Brewing Industry Research 


Foundation, Nutficld, Redhill to arrive not later 
than June f4, 1974. (1FiR) 


THE NORTH OF SCOTLAND 
COLLEGE OF AGRICULTURE 


ABERDEEN 
POULTRY ENVIRONMENT 
SPECIALIST 


O Applications are invited for a new post in the 
Poultry Division of the College. Candidates should 
have an Honours Degree in Biology or a Biological 


Science together with post-graduate research ex- 
perience preferably in whole animal biology. 


Excellent modern facilities for research and develop 
ment. 
Entry 
scales: 
Grade HP E2328 x 16 increments to £4,061. 
Grade IV-—-£1,584 x 7 increments to £2,148. 
Forms of application and further particulars 
af the past (Reference Number 29/74), obtainable 
from the Secretary. The North of Scotland College 
of Agriculture. SRE King Street. Aberdeen AB® 
IUD with whom applications should be lodged not 
tater than May 27, i974. (171 


according fo age and qualifications on 





Glaxo Laboratories Limited 


T 





əchnical Officer 


(Chromatography) 


ULVERSTON 


Applications are invited for a post as 
Technical Officer (Chromatography) in 
the Chemical Process Development 
Department at Giaxo Laboratories” bulk 
antibiotics plant, Ulversten, Cumbria. 
Experience or interest in the feld of 
Chromatography is required to work 
primarily on the application of High 
Pressure Liquid Chromatography te 
problems connected with the manufacture 
of antibiotics. The successful candidate 
will form part of a well-established 
small group already well versed in. 
paper, thin layer and gas chromatographic 
techniques. He or she will preferably 
have an HNC or HND in chemistry 

or be engaged upon such courses. 


Every encouragement will be given to 
these wishing to continue their 
studies. 








The Company offers good conditions of 
service including bonus, pension and 
sickepay schemes and environmental 
aspects are second to none, The town of 
Viverston is situated on the shores 
of Morecambe Bay and on the southern 
fringe of the Lake District National 
Park. 


oy 


Apply in writing, quoting reference 

U.526, to The Personnel Officer (JE), 
Glaxo Laboratories Limited, Ulverston, 
Cumbria LAIZ 9DR. s (17719) 
e 
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An immediate vacancy ox 

TECHNICIAN (Grade ity WHEE. 
Microbial Genetics, especie salty y OS 
niques. He/she as aesist in halt 





and other a: work, assochtted e : 
Nuffield /Open University Cleneties O 3% 
appointment will be for tiser yours. 


Salary, based on qualifications and o<¢ 
ence, will be within the trade 
£1,650 to £1,920 per anna. 
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For details and applicatio 
contact The Personnel “Wa g 
Open University, PO. Box 75, W 
Mikon Keynes MEY SAL. (Tx 
Keynes 74066, extension Me. C 
for applications: Friday, May 24, 
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BEDFORD COLLEGE 
(University of London) 
RESEARCH ASSISTANT 
in 
ZOOLOGY 


Research Assistant fequired ta 
three year BLE B.C. grant on reepers 
of annelids subjected to low oxyg ¢ 
plicants should have a god Honours 
Zocdloey or Biochemistry. The apt 
date from October i, 1974, Salary £1.50 
to £1,674. | 

Application forms may be obfa: 
Assistant Secretary {Personned OW, 
lege, Regent's Park, London NW! 
4400 Ext. 392). 
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IN OPT ics” “ND LA 
Applications are invited for- 
Doctoral esearch Assistant 
(M.Phil. and PRD. by the: 
levels, The optics section wit 
laser and optical physics Gry g 
of high power laser with materi, cz 
optical design and visual optics. 17 
Research Assistant salary scale iz 
£3,048 plus £162 London Recap nor ix 
The SRC is prepared to g 
of advance course and research 
port for research students and. phi 
ments is also available on cont 
and industrial laboratories, 




















students expecting to be aw 
degree in physics, eheotrics 


tronics: and graduates wit > 
experience can obtain further « ‘de ae: 
forms from Professor 1. IOU 
Department of Physics, Frm: 
Consort Road, London SWY BT, 
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THE EDINBURGH SCHOOL | 
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OF AGRICULTURE 
RESEARCH ASSISTANT 


Applications are invited for s f 
assistantship for work on amenar 
under the direction of Wr. I 
Crush. The work will be ezclgaiyey 

Salary: £1,500. 

Further particulars af an 
from the Secretary, The Edin 


ie riculture, West Mains Koad, 
i ERS 39G. ® 
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Avian Research 
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er ana develop the Company's avianr ii eprac 
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ductive endocrinology and toxicol The Starting salary will be 
” nA ALAL LET Pie CGEM ESTE FN ; on 
person appointed will report direct to the Head af our s i 


OOE EE be CS TE PO ee POM E ER? 
Anma Siudes Centre say 
é 
t 


— 
cD 
mt 
br 
(ési 
is 


‘hich is recognised as one ol 
nostomall Animal Nutrition Centres 

Europe, and wil join a aroup of other scientists 
engaged in behavioural and nutritional research, 
estabhshing him/herself as the Company authority on 
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countryside 5 miles from our plar ror 
i Le Mowbray yet only 35 minutes’ drive from Leicester 
Applicants should have a good primary degree ina and Nottingham. 
biological subject with at least 2 years’ relevant post 
Ifyou would like more information about this positon and an application form, please 








National Institute for Medical Research 
Mill Hill — London 


GRADUATE Biologist or experienced technician required by the Division 
of Cytopathology to assist in work on the electron microscopy of viruses 
and cell membranes with particular emphasis on cryo-techniques using 
freeze etching equipment. Salary on scale £1533—£2199 p.a. Non-graduates 
with suitable experience will also be considered for this post on salary 
scales related to their qualifications. Please quote ref: JTO/Cyto. 
GRADUATE Biochemist required to assist in research on membrane bio- 
chemistry. Biochemical experience will be an advantage. Salary on scale 
£1533—-£2199 p.a. Please quote ref: JTO/LBTCS. 


TECHNICIAN/JUNIOR TECHNICIAN, preferably with microbiological 
or biochemical experience, required to assist in work on mechanisms of 
resistance to Bacterial infections in the Laboratory of Bacterial Infectivity. 
Candidates with HNC or equivalent will be considered for appointment to 
the Technician grade, £1566 p.a.—-£2418 pa. Those who are currently 
following an HNC course or who have ONC will be appointed as Junior 
Technician, £946 (at 17)-£1521 p.a. Please quote ref: Tech/LBI. 


Applicants for the above should contact P. A. Collingridge, N.I.M.R. The 


Ridgeway, Mill Hill, NW7 1AA, Tel: 959-3666. 


(1752) 





The University of Leeds 
DEPARTMENT OF PHYSIOLOGY 
CARDIOVASCULAR UNIT 


Applications are invited for a post of 
RESEARCH ASSISTANT. The post is $n- 
anced by the Medical Research Council and 
previous training in neurophysiology is neces- 
sary. The appointment will be made for one 
year in the first instance and the salary will 
be on a seale rising to £2,500. 


The successful candidate would work in the 


basic laboratories of the Unit which are fully 
equipped to study central nervous and reflex 


control of the cardiovascular system. The 
Unit operates its own computer facility. The 
problems on which the suceessful applicant 
will be expected to work are within the field 
of central projections of cardiovascular afferent 
fibres to the brainstem. Informal enquiries 
may be made to the Cardiovascular Unit, 


Forms of application and further particulars 
from the Registrar, The University, Leeds 
LS2 SIT (please quote 43/13/10). Closing date 
May 31, 1974. * (1763) 





ST. THOMAS’S HOSPITAL 
MEDICAL SCHOOL 
DEPARTMENT OF GYNAECOLOGY 


Applications are invited for a Research Assistant- 
ship in Biochemistry im this Department. The 
successful candidate will join a group working on 
problems of oestrogen and gonadotrophin inter- 
action and metabolism. Previous endocrine or 
radioimmunoassay experience is not essential but 
would be helpful. Starting salary up to £1,900 
according to qualifications. Applications with full 
details and names of two referees and enquiries 
to: Dr. M. G. Brush, St. Thomas's Hospital Medical 
School, London SEI 7EH. (1736) 





+ UNIVERSITY OF BATH 
A@plications are invited for a 


LECTURESHIP IN GENETICS 


in the School of Biological Sciences. Persons in- 
terested in any aspect @f genetics will be considered. 
Lecturer salary scalee £1,929 to £4,548, Further 
particulars and application forms obtainable from 
Registrar (5), The University, Bath BA? JAY, 
quotg ref. 74/65. Closing date for receipt of 
applications May 31, 1974. (1737) 


ARR Re AA Fotos PE Tes Pa Ae E og Be ROA aa a a eg o ES a ed ae 
telephone ar write tar Elizabeth Hague, Management Recruitment Officer, F ecigrës 


Petfoods Limited, Melton Mowbray, Leicestershire. Tel: Meito: 


1 Mowbray 4141. 


(1774) 


INSTITUTE OF TERRESTRIAL ECOLOGY, 
GRANGE-OVER-SANDS, LANCASHIRE 


ANALYTICAL CHEMIST 


An analytical chemist (Scientific Officer) is re- 
quired by the Chemical Section al Merlewood 


Research Station, Grange-over-Sands, Lancashire. 

The work is concerned with the analysis of plant 
materiais. solis and waters for a wide range of 
imorganic and organic constituents in connection 
with ecological and pollution studics. 

Qualifications: Normally under age 27 with a pass 
degree, HNC, HND or equivalent in an appro- 
priate Subject. Previous laboratory experience with 
instrumental techniques would be an advantage. 

Salary: £1.435 to £2,329. Starting salary may be 
above the minimum. 

Superannuation arrangements. 

Application forms and further particulars avail- 
able from Institute of Terrestrial Ecology, Alhambra 
House, 27/33 Charing Cross Road, London WC2H 
OAX. 

Closing date: May 31, 1974. 


(1733) 





UNIVERSITY OF ABERDEEN 
RESEARCH ASSISTANTSHIPS IN 
BIOCHEMISTRY 


Applications are invited for TWO POSTS—< to 
work with Dr. C. K. Pearson on the initiation and 
control of DNA synthesis in mammalian cells in 
tissue Culture and (ii) to investigate the organisation 
of reiterated base sequences in. eucaryotic DNA, 
under the siipervsion of Dr. N. Hardman. Appli- 
cants should possess, or be in process of obtaining, 
an honours degree in Biochemistry or an allied 
subject. Both posts are for three years and suitably 
qualified applicants may register for a higher degree. 
Salary in range £1,479 to £1,659 (under review). 


Further particulars from The Secretary, The 
University, Aberdeen, with whom applications (2 


copies) should be lodged by May 25, 1974. 
(1734) 





UNIVERSITY OF QUEENSLAND 
AUSTRALIA 
LECTURER IN MATHEMATICAL 
STATISTICS 
DEPARTMENT OF MATHEMATICS 


An applicant should possess a higher degree and 
have research interests in any branch of statistics 
including probability and stochastic processes. 

Salary: Within the range of $A8,698 to $411,982 
per annum. 

Other Benefits: Lecturers Superannuation similar 
to F.S.$.U., housing assistance, study leave, and 
travelling and removal expenses. 

Additional information and application forms are 
obtainable from the Secretary-General, Association 
of Commonweaith Universities (Appts.), 36 Gordon 
Square, London WCIH OPF. 

Applications close in London and 
on May 27, 1974. ~ 


in Brisbane 
(1725) 








AUSTRALIA 


PUBLIC SERVICE OF VICTORIA 
MINISTRY FOR CONSERVATION 
FISHERIES AND WILDLIFE DIVISION 
RESEARCH OFFICER 
(THREE POSITIONS) 


Yearly Salary: (a) $A6.229 minimum, $A8,981 maximum, 
(b) $A9, 15] minimum; $A10,674 maximum. 
Note: Generally appointment will be within the salary range (a) according to qualifications 


and experience but applicants possessing special qualifications or extensive 
ence may be considered for appointment to salary range (b). 


Position No. 1. Ref. No. (1/01) 


Duties: Under the direction of the Officer in Charge, Freshwater Fisheries, to unde 
research programme based on the Seven ‘Creeks system and the fish p to 
therein. To carry out nutrition trials on both native and introduced fish species at 
the Snob’s Creek Freshwater Fisheries Research Station and Hatchery. Other duties- 
as directed, 

















Qualifications: An approved degree in Science or Agricultural Science or an equivalent o- 
qualification; research experience in an appropriate field is desirable, Experience — 
in fisheries research and/or animal nutrition an advantage. es 





Note 1. The successful applicant will be required to occupy a residence within the F atchery o 


grounds. A rental of approximately 9% of salary a year will be charged. 








Note 2. To reside at Snob’s Creek Fish Hatchery. The successful applicant will be 
stationed at the Arthur Rylah Environmental Research Institute, Heidelberg, for a 
approximately six months as from the commencement of duty. ot 


Position No, 2. Ref. No. (1/62) 

Duties: Under the direction of the Officer in Charge, Freshwater Fisheries, to underta 
research into the freshwater eel stocks and to develop a policy for the co 
exploitation of these fish. To undertake other research programmes 
biology of selected freshwater fish inhabiting coastal streams. Other dult 
directed. 





Qualifications: An approved degree in Science or Agricultural Science or an equivalent qualifica- 
tion; research experience in an appropriate field is desirable. Experience in eel 
fisheries including intensive culture, and/or population dynamics of fish stocks an 
advantage. 


Position No. 3. Ref. No. {1/03) 
Duties: | Under the direction of the Officer in Charge, Freshwater Fisheries to a 


research studies into the basic biology of selected freshwater fish species. Other 
duties as directed. 


Qualifications: An Approved Degree in Science or Agricultural Science or an equivalent qualifica- 
tion; research experience in an appropriate field is desirable; specialist training of 
experience in physiology an advantage. 


Note 1. The successful applicants for position Nos. 2 and 3 will be stationed at 123 Brown 
Street, Heidelberg. 


Note 2. Separate applications must be submitted for these positions. 


@ 

Applications quoting appropriate reference number shoud be addressed to the Secreta 
Public Service Board of Victoria, State’ Public Offices, No. 1 Treasury Place, Melbourne, 3 
Australia, by not later than 9.30 a.m. on Wednesday, Sth June, 1974, together with sta’ ements 
experience and qualifications and date and placeof birth. { 
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THE OPEN UNIVERSITY 
RESEARCH ASSISTANT IN 
BIOLOGY 


Applications are invited for a Research 
Assistantship in Biology, tenable from June H, 
{974 of as soon as possible thereafter, to 
work with Dr, Gary Dutton of the Brain 
Reesarch Group on glycoprotein metabolism 
in the brain. Applicants should possess a Ist 
ar good 2nd class honours degree m bio- 
chemistry or have equivalent neurochemical 
experience. The appointment will be for one 
year initially with the possibility of further 
renewal. 


Salary scale: £1,323 to £2,058 per annum with 
FSS U. benefits. 


Further details are available from The 
Personnel Manager (RB2), The Open Uni- 
versity, P.O. Box 75, Walton Hall, Mikon 


Keynes, MK7 6AL. (Tel: Milton Keynes 74066 
extension 3068). Closing date for applications: 
Friday, May 24, 1974. (1758) 









CENTRAL PUBLIC HEALTH LABORATORY 
TECHNICIAN 


required by the Salmonella and Shigella Reference 


Laboratory, Suitable qualifications would be a 
relevant scientific degree; ALMLT. or HNC. in 
Medical Laboratory Sciences, This is the National 
Salmonella and Shigella Centre for Great Britain 
and the Commonwealth and offers training in the 
most advanced methods of Salmonella and Shigella 
identification. 

Written applications with full details of age, ex- 
perience and qualifications to the Personne! Officer, 
Central Public Health Laboratory, Colindale Avenue, 
London NW9 SHT. (17303 





A YOUNG SCIENCE 
GRADUATE 


with a good honours degree is needed for work 
on Hospital infection. Laboratory and field studies 
are nivolved, including the development of tracer 
techniques using fluorescent and other particles. The 
problems: involved are largely physical so that a 
basic training in the physical sciences may be the 
Most appropriate, but a wide scientific outlook 
coupled with some mechanical aptitude and ability 
iS More important than the precise course. F.S S.U. 
provision and salary according to age, qualifications 
and experience on M.R.C. scale rising to £3,378 
pius London Allowance. i 


_ Applications to Dr. O. M. Lidwell, Cross Infec- 

tion Reference Laboratory, Public Health Labora- 

tory, Colindale Avenue, London NW9 SHT. 
(1764) 


UNIVERSITY OF EDINBURGH 


DEPARTMENT OF FORESTRY AND 
NATURAL RESOURCES 


_A.R.C. RESEARCH ASSOCIATE 


Applications are invited from candidates with 
three or More years research experience for the 
position of Research Associate in the Depart- 
ment of Forestry and Natural Resources, 
University of Edinburgh, to work on the 
effects of wind on the performance of forage 

| grass species. The project is supported by a 
three-year grant from the Agricultural Re- 
search Council, The appointee will work both 
in the field and with a controlled environment 
wind tunnel, being concerned with plant water 
relations and photosynthesis. Suitably relevant 
research experience and ability to work in a 
team within a broadly based Department are 
essential. 


Salary will be according to age and quali- 
fications on the following scale: £1,929 by 
£129 to £2,058 by £165 to £2,223 per annum 
funder review), with F.S.S.U_ benefits, 


Further particulars on request to the Secre- 
tary to the University, University of Edinburgh, 
Old College, South Bridge, Edinburgh EHS 
SYL, to whom applications should be sent 
not later than May 30, 1974, giing full details 
of qualifications and experience together with 
the names of two academic referees. Please 
quote reference 5016. (1760) 
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Technician 
£1332-£1803 


Physiological Measurement 





Nature Vol. 249 May 10 1974 





To assist consultant anaesthetists and senior registrars at 
St George’s Hospital, Tooting, London $.W.17 with research projects 
in General and Dental Anaesthesia, including pulmonary function 
tests, blood gas and gas analysis, circulatory and respiratory 
monitoring. Duties include preparation, setting up, calibration and | 
checking equipment; preliminary calculations and checking results; 
preparation of charts and diagrams. Experience of blood gas | 
measurement desirable, but not essential. 
| 
| 


Facilities include Canteen, active Sports and Social Club, and Staff 
Health Service. The appointment will be for the duration of 

the research projects, i.e. until the end of january 1975. Further 
details and application forms from Personnel Office, The Royal 
Dental Hospital, 32 Leicester Square, London WC2H 7L}. 
Tele: 01-930 8831 extension li. 


(1720) 








FOOD SCIENTIST 


DEPARTMENT OF AGRICULTURE AND FISHERIES 


The person appointed will advise the Department on all aspects 
of compositional food standards. The appointment will be made 
in the grade of Agricultural Inspector. 

Essential: G) Ist or 2nd class Honours University Degree in 

Food Science, Dairy Science, Chemistry, Biochemistry 
or Microbiology or an equivalent qualification, 
(ii) At least five years’ post-graduate experience 
including adequate experience of processing tech- 
niques and quality control in the food industry or 
in food analysis or research. 


Salary: 


£3,352~-£4,742 (man) 


£2,844-£4,221 (woman) 
Entry up to maximum possible. 


Age Limit: 45 years. 


CLOSING DATE: 23rd MAY 1974 


Application forms, etc. from Secretary, Civil Service Commis- 


sion, 45 Upper O'Connell Street. Dublin 1. 


(1738) 





ROYAL HOLLOWAY COLLEGE 
(University of London) 

Egham Hill, Egham, Surrey 
CHEMISTRY DEPARTMENT 
RESEARCH ASSISTANTSHIPS IN 
COMPUTER SIMULATION 
OF LIQUIDS 


Applications are invited for two Postdoctoral 
Assistantships for work on the computer simulation 
of liquids at molecular level in a group led by 
Professor K. Singer. A background in statistical 
mechanics is desirable. 

The appointments are for two years at a salary 
in the range £1.929 to £2,223 plus F.S.S.U. 

Further details may be obtained from the Per- 
sonnel Officer (N), to whom applications together 


with curriculum vitae and the names and addresses 
of 2 referees should be sent as soon as possible. 
(1795) 





WESTFIELD COLLEGE 
(University of London) 


DEPARTMENT OF BOTANY AND 
BIOCHEMISTRY 


DEMONSTRATOR 


Applications are invited for this newly created 
post in the department, tenable from September 1, 
1974. Candidates should have a good degree in 
Planę Sciences or Microbiology preferably with an 
interest in experimental, physiological or biochemical 
educ&tion. The main duties of the post are the 
organisation and supervision of “undergraduate 
laboratory classes. The appointment will be for a 
period of three years, subject to annual renewal. 
The salary is within te range £1,404 to £2,388 
plus London Allowang:. Further particulars from 
the Personne! Officer (N), Westfield College. Kidder- 
pore Avenue, Hampstead, London, NW3 7ST with 
whong applications close on June i, 1974. 

(1797) 


UNIVERSITY OF BIRMINGHAM 
CHARLES HAYWARD CHAIR OF 
GERIATRIC MEDICINE 


Applications are invited for the newly established 
Charles Hayward Chair of Geriatric Medicine in 
the Department of Medicine. Appointment from 
a date to be arranged. 

Salary in the clinical professorial range, maximum 
£7,599, 

Further particulars obtainable from the Registrar, 
University of Birmingham P.O. Box 363, Birmine- 
ham BIS 2TYT. to whom applications (12 copies: one 
from overseas applicants) naming 3 referees, should 
be sent by June 17, 1974. (i741) 





UNIVERSITY OF AUCKLAND 
NEW ZEALAND 


PROFESSOR AND HEAD OF THE 
DEPARTMENT OF ELECTRICAL 
ENGINEERING 


Applications are invited for the above-mentioned 
Chair. Professor A. G. Bogle assumes a Personal 
Chair on his election as Dean of the School of 
Engineering for a further term. The main fields 
of research being pursued at present are: antennas, 
surface wave propagation, radio astronomy, semi- 
conductor device modelling, system simulation and 
control, active networks and medical intrumentation. 

Professorial salaries are at present established 
within the range NZ$13,863 to $17,645 per annum 
having regard to the qualifications of the candidate 
concerned. 

Superannuation is on FSSU basis. Fares and other 
removal expenses are allowed within specified limits. 

Further particulars and application procedure 
avaijable from the Association of Commonwealth 


Universities (Appts), 36 Gordon Square, London 
WCIH OPF. 
Applications close on May 31, 1974. (1787) 
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Leader 


Animal Health 


We are seeking a highly qualified and 
experienced scientist to head an 
Animal Health Research Team in our 
Associate Company in Australia. The 
laboratory is attractively situated near 
Melbourne. 


ICi Australia has made a number of 
major contributions to veterinary 
science and is planning a substantial 
expansion inits animal health research 
effort. 


The position: The Research Leader 
willbe responsible to the Research 
Manager of ICI Australia Ltd. forthe 
planning and direction of the 
Company's research in the area of 
Animal Health, particularly the 
development of agents for the control 
of animal parasites a and forthe 
regulation of animal metabolism, ona 
world-wide basis. The staff include 
chemists, biologists and biochemists 
and the final team will number about 40 
research workers. 


The Research Leader's first duty will be 
to build up this team with the assistance 
of colleagues and Personnel! 
Department staff and he should be 
willing to undertake the difficult task of 
selecting the right people. Liaison with 
the parent company’s extensive research 


THE MOTOR INDUSTRY 
RESEARCH ASSOCIATION 


A research engineer is required in the Vehicle 
Safety Section for interesting and varied work 
connected with the role of vehicles in road acci 
dents, including research on impact test methods, 
statistical aspects of road accidents and ergonomics. 
The successful applicant will probably have a good 
honours degree in mechanical engineering (or 
related subjects) and up to seven years’ experience 
since leaving university. A knowledge of statistical 
methods is desirable. 

Applications, in writing, to the Personnel Man- 
ager, The Motor Industry Research Association, 


Nuneaton, Warwicks, giving details of experience, 
qualifications and current salary and quoting 
MAM/JIAS (1775) 





UNIVERSITY OF OTAGO 
DUNEDIN, NEW ZEALAND 


LECTURER OR SENIOR LECTURER 
IN CLINICAL BIOCHEMISTRY 


Applications are invited from medical or science 
graduates for the position of Lecturer or Senior 
Lecturer in Clinical Biochemistry. 

Salary, according to qualifications and experience, 
within the following scales: 

Science Graduate: Lecturer NZ$6,753 to $8,568 
per annum; Senior Lecturer NZ$8,718 to $11,139 
with a bar at $10,232 per annum. 

Medical Graduate: Lecturer NZ$9,172 to $13,107 
with a bar at $10,836 per annum; Senior Lecturer 
NZ$13,485 to $15,528 per annum. 

Salary seales are subject to both triennial review 
and cost-of-living adjustments, 

Further particulars are available from the Seere- 
tary-General, Association of Commonwealth Uni- 
versities (Appts), 36 Gordon Square, London WCiH 
PF, or from the Registrar of the University, 

Applications close in New Zealand and London 
on June 30, 1974. (1736) 


organisation in the UK will be an 
important function and some overseas 
travel will be required. 


Qualifications: The applicant should 
be a graduate in veterinary or 

biological science. Extensive research 
experience is essential and he should 
have proven ability in research 
planning and organisation, Industrial 
research experience would be desirable 
but not essential. 


Age: Age is notcritical, Qualifications, 
experience and suitability for the 
position are the major critena, 


Salary and Conditions: This isa 
senior staff position and an attractive 
salary will be offered. For an 
outstanding candidate a salary at 
Reader to Professorial level will be 
negotiated. Benefits include a 
contributory Staff Pension Fund, 
liberal recreational leave and a non- 
contributory medical benefits scheme. 
Removal and travel expenses will be 
met by the Company and housing 
assistance will be provided. 


Applications in writing to: 

J. Leak, Assistant Personnel Manager, 
ICI Ltd., Pharmaceuticals Division, 
Alderley House, Alderiey Park, 
Macclesfield, Cheshire. 





(1749) 
UNIVERSITY OF BIRMINGHAM 
DEPARTMENT OF GENETICS 


Applications are invited for a RESEARCH 
ASSOCIATESHIP to work on biometrical genetics 
and plant breeding. 


Salary scale (under review: £1,569 to £2,223 


{exceptionally £2,718) plus F.S.S.U. 


Further particulars from the Assistant Registrar 
(S), P.O. Box 363. Birmingham B15 2TT to whom 
applications (3 copies) naming 3 referees by June 3, 
1974. Please quote reference (1772) 


AGRICULTURAL RESEARCH COUNCIL 
POULTRY RESEARCH CENTRE 


Applications are invited for a post within 
the SCIENTIFIC/HIGHER SCIENTIFIC 
OFFICER GRADES in the Ethology Section 
of the Poultry Research Centre, for work on 
reproductive behaviour. The project involves 
a certam amount of surgical work and the 
person appointed should be prepared to super- 
vise technical staff. 

Candidates should have a pass degree or 
H N.C. in an appropriate biological subject, 
but specialisation in Ethology is not a 


necessity, 
Salary within the scales £1,435 to £2,329 or 


£2,221 to £2,854 per annum, with placement 
according to qualifications and experience. A 
minimum of five years’ post-qualifying experi- 
ence is required for appointment in the hi 
grade. ry post is superannuable with’ a 
non-pensionable allowance to offset contribu- 
tions. 

Application forms, which may be obtained 
from the Secretary, Po@ltry Research Centre, 
King’s Buildings, Weste Mains Road, Edin- 
burgh EH9 338, should be completed and 
returned to him not later then May 21, 1974. 

(1686) 

























































Brewing Industry Research Foundation 
NUTFIELD, SURREY 
BIOCHEMISTS 

Two Biochemists are required for: 

{a} Work on the purification and Mivesiigaiias 
enzymes active in barley germ 
for biochemical studies of fB 
petitosans. 

Appointments will be made as K 
{post doctoral) an the salary range 
pa. or, for candidates whh suite 
experience, as Scientists om the sah 
1o £3,247 p.a. , 

Research Fellow apponuimenis are 
years, Superannuation under FASE 

Detailed applications should þe 
ministrative Manager, Brewing. Tn 






al and 


Foundation, Nutfield, Redhill, Surrey. 
1974, 


later than May 31, 





CANADA 
Applications are invited for the fole wing CETATEA 


1. Assistant Professor with PhD 
to teach undergraduate cour 
Infection and Immunity (iwo-lerm J eel 
Applied Microbiology fotie-term course). ` 
position is renewable, 

Assistant Professor with Ph E>. 
teach an undergraduate course os i 
and Laboratory Techniques and 
other area of the candidate's 
This position is ronewalsic, 

3. Assistant Professor with Ph D. 
teach a one-term undergraduate 
ductory Genetucs and a one-tarm 
Cytogenetics. This position is for ope 
replacing a faculty member on sabbatica 
Assistant Professor with Php. in 
Physiology to teach a two-term 
course in Comperative Amana) F 
a one-term undergraduate cu 
ctinology. This position is for ose 
replacing a faculty member on =e 
5, Assistant Professor with PRD. 


bo 


#2 a 





ology fo assii Im crnarses dealing 
pathogens and {to assist it 
(Botany). This position i for 


replacing a faculty member on leae 
Three Instructors iG assume maior 
for laboratory instruction ii one of 
areas: (D General Biology: (1) Sener reje 
biology: GID Experimental and Laboratory 
Techniques, 

Salaries for the above positions wilh 
mensurate with qualifications and experie 
appointments will probably be made af. ¢ 
the Boor of the ranks advertised: As 
annum, instruc 
annum. Applications should be recened ° 
1974; Appointments effective September $ 
earlier if possible, 

Applications, including  currscuhar 
names of three referees should be s 
M. D B. Burt, Chairman. peper 
University of New Brunswick, 
Brunswick, Canada. 





CHAIR OF CARDIOL 
Applications are mivited far the 
Foundation Chair of Cae n the | Diep 
of Medicine. Appomtment fram a 

arranged. 

Salary in the clinical professorial range, maximus 
£7,599 

Further particulars obtainable frown the R 
University of Birminghani, P.O. Ba 










from overseas. applicants) Taming | i sak 2 eop 
be sent by June 17, 1974, 
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UNIVERSITY OF SOUTHAMPTON 
FACULTY OF MEDICINE 


LECTURESHIP IN HUMAN 
MORPHOLOGY 


Applications are invited from biclogical 
preferably with a Ph D., ar from medi 
for a teaching and research appoi ; 
Morphology. Previous teaching T 
essential; good research facilities wre 2 
variety of fields and experience in ¢ 
scopy would be i ant Se ana? gai y 


















ae experience. LS A ai Sata “be f: 
Professor D, Bulmer or Professor | 
eMedical and Biological Sciences Bui 
Crescent East. Southampton, fror 
particulars may also be obtaimed, 

Applications should be addressed t 
Secretary (Ext. 2804). The University 
609 4NH (7 copies from applicants re 
and one from others) not later than Mey 
Ref. Na. 















MEDICAL SCHOOL 


Paediatric 
Research Unit 


Applications are invited for first or second 
year postgraduate research assistant to assist 
with biochemical research on human bio- 
chemical genetic disorders. 

Applications should be sent to the Ad- 
ministrative Secretary, Paediatric esearch 
Linkt, Guy's Haspital Medical School, London 
Bridge, SEL ORT. 

(i744) 






SOUTH AFRICAN SUGAR ASSOCIATION 
EXPERIMENT STATION 
Mount Edgecombe, Natal 
Republic of South Africa 


AGRICULTURAL ADVISORY 
CHEMIST 


Applications are invited for the permanent post 
còt Agricultural Advisory Chemist at the South 
Oo African Sagar Association Experiment Station at 
Mount Edgecombe, Natal, Republic of South Africa. 
Applicants should have at least a B.Sc. degree with 
Chemistry as a major subject and some agricultural 
training. Post-graduate experience in soil and plant 
C. gnalysis will be a particular recommendation. The 
successful candidate will be required to supervise 
a large chemical services laboratory, and to prepare 
fertilizer recommendations based on soil and leaf 
apalyses for sugarcane growers. In addition the 
Advisory Chemist will be expected to study methods 
i of assessing crop nutrient requirements, and to 
o ‘participate m various co-ordinated research projects. 
>o The commencing salary will be dependent upon 
qualifications and experience, and would be classi- 
fied in one of the following grades:—- 
Grade 4: R422-~-626/month. 
Grade 5 R496—755/month. 


. Application forms, a list of benefits (which mchide 
a 1% annual bonus) and conditions of service 
ate obtainable from: 
South African Sugar Association, 
C Fountain House, 
oo 425-135 Fenchurch Street, 
~ London ECIM SEH, 
Completed forms, together with curriculum vitae, 
should be airemailed directly ta: 
The Director, 
SASA, Experiment Station, 
P.O. Mount Edgecombe, 4300, 
Natal, 
Republic of South Africa. {17173 




















_ THE WELSH NATIONAL SCHOOL 
te OF MEDICINE 
(University of Wales) 


_ DEPARTMENT OF PATHOLOGY 
Applications are invited for a 
RESEARCH ASSISTANT 


far a period of two years, to join a team supported 
by the MRC. Salary £1,278 to £1,980. The panes 
ment entails research on lymphocyte function in a 
variety of diseases, notably Sarcoidosis. Excellent 
facilities available in this new teaching centre. 
Application forms available from the Registrar, 
The Welsh National School of Medicine. Heath 
Park, Cardiff, CF4 4XN to whom they should be 
returned within two weeks of the appearance of 
this advertisement. (1748) 





THE EDINBURGH SCHOOL OF 
AGRICULTURE 
POST-DOCTORAL RESEARCH 
ASSISTANTSHIP 


Applications are invited for a research 
assistantship in the Department of Agricultural 
Biochemistry for work on embryo development 
in higher plants. Candidates should be quali- 
fied in biochemistry or a related discipline. 

The appointment, financed by the A.R.C. 
(salary scale £2,221 to £2,413, with F.S.8.U. 
benefits), is tenable for three years from 
October 1, 1974, and will be associated with a 


small group working on seed development and Ie 


maturation. 

Further details and application form from 
the Secretary, Edinburgh School of Agriculture, 
West Mains Road, Edinburgh EHS 3G 

(1683), 












Clinica 
T r i ais 


An opportunity has arisen for a mate or female pharmacist, 
or graduate in biological science, to join the clinical trial 
section of the Medical Department. Candidates, aged 24-30 
years, must have a pleasant personality and be interested in 
clinical pharmacology and therapeutics. They will be expected 
to show initiative and enthusiasm and to aid this, the post 
offers a stimulating and varied environment as a member of 
a team involved in the evaluation of new and existing drugs 
in human disease, It is essential that they can communicate 
confidently with members of the medical profession, because 
to initiate and co-ordinate clinical trials, discussions are held 
with physicians and academic research workers. The successful 
applicant will, therefore, be playing a role in the battle 
against morbidity if not mortality. Some travel within the 
UK will be Involved, 


d 
x 


The Company operates excellent conditions of employment, 
including pension and bonus schemes. Please write giving 
brief details and quoting reference U.776 to the Personnel 
Officer (JSP), Glaxo Laboratories Limited, Greenford, 
Middlesex. Telephone: 01-422 3434. (1771) 


Pathologist 


Shell Research Limited, Sittingbourne, Kent, have 
a vacancy in the Pathology Division of their Tunstall 
Toxicological Laboratory for a medical or veterin- 
ary graduate. You will be a member of a multi- 
disciplinary team of scientists involved with the 
investigations of the toxicology of chemicals. You 
should have a strong interest or experience in 
experimental pathology. Should vou have post 
graduate experience in pathology this would be an 
advantage but is not considered to be an essential 
requirement. The level of appointment will depend 
on background and experience and the salary 
° offered will be competitive. Please write or tele- 
*phone for an application form to Shell Research 














Limited, Recruitment Division (N), PNEL/34, | | 
Shell Centres London SE1 7NA 01-934 2948. Shell 


#* 


(1801) 
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Department of the Environment 
Princes Risborough Laboratory 


Information Scientist 


E Take charge of library W Provide documentary and information 
services for laboratory staff working in field of timber and timber 
products for building and construction. 


G Degree/HNC or equiva alent in science or engineering © 


qualifying experience 


7 § years’ post- 


Information science qualification and linguistic 
ability an advantage `, “Age normally under r 30 | 
Scientific Officer (£2221-£2854 under review) C 


: Appointment as Higher 
' Ref: SA/57/HA. 


m | Application forms (for return by 3 June 1974) from Establishment Office, 
Building Research Establishment, Princes Risborough Laboratory, Princes 
Risborough, Aylesbury, Bucks, HP iTOP: 


Centre for Overseas Pest Research 
London 


@ Study insect migration @ Population dynamics of migrant insects 


@ Long overseas assignments. 


(J rst/and hons degree in scientific subject 


ence of tropical pests desirable © 
Scientific Officer (£2973-£4070), 


Ace under 3255 
Higher Scientific Officer (£2396-£3029) 


Interest in Ecology and experi- 
Appointment as Senior 


or Scientific Officer ({1610- ~£2504) according to age, qualifications and 


experience D Salaries under review ( 


Ref: SA/15/JA. 


0 Application forms (for return by 3I May 1974) from Administrative 
Secretary, Centre for Overseas Pest Research, College House, Wrights Lane, 


London W8 5SJ. 


Ministry of Agriculture, Fisheries and Food 
Food Science Division, Norwich 


E Join team investigating reactions of sulphite with food components 
m Study effects of conditions during processing, distribution and 
culinary preparation of foods g Development of analytical methods 
for measurement of sulphite products. 


(J 1st/2nd hons degree, or equivalent, in chemical subject [ 


postgraduate experience, pirierabiy, 
B Age under 30 


gaug 


ant 


| At least 2 years’ 


in ara a) and ‘measurement 


(£2221- ae under review) i Ref: SB; HAE, 
O Application forms (for return by 31 May 1974) from Civil Sais 
Commission, Alencon Link, Basingstoke, Hants, RGa2r 1JB, telephone 


Basingstoke 29222 ext. 500 or London 01-839 


service). 





1992 (24 hour answering 


CIVIL SERVICE 


UNIVERSITY OF LONDON 
CHAIR OF DERMATOLOGY AT 
INSTITUTE OF DERMATOLOGY 
The Senate applications for the 


invite above 


Chair, Salary within the range £6,480 to £7,599 a 
year. Applications (10 copies) should be received 


not later than June 7, 1974. by the Academic 
Registrar (Nj, University of London, Senate House, 
London WCIE 7HU, from whem further particulars 
may be obtained. (17763 
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UNIVERSITY OF SOUTHAMPTON 
FACULTY OF MEDICINE 


PHARMACOLOGY-—TEMPORARY 
LECTURESHIPS 


Applicatioins are requested from registered 
medical practitioners or from science graduates with 
appropriate qualifications for two Temporary Lee- 
tureships in Pharmacology on a full- or part-time 
basis for the academic year 1974/75. Experience in 
teaching medical students an advantage. Salary 
within range £3,588 to £5,091 (clinical) or £1,929 
to £4,548 (non-clinical). Superannuation. 

Further particulars may be obtained from the 
Deputy Secretary, The University, Southampton 
$09 SNH, to whom applications (seven copies from 
U.K. applicants and one from others} should be 
sent mot later than May 24, 1974. {1657} 





(1811) 


UNIVERSITY OF SOUTHAMPTON 
FACULTY OF MEDICINE 


Applications are invited from registered medical 
practitioners or from science graduates with appro- 
priate qualifications for two TEMPORARY LEC- 
TURESHIPS IN PHARMACOLOGY on a full- or 
part-time basis for the Academic Year 1974/75. Ex- 
perience in teaching medical students an advantage. 
Salary within range of £3,588 to £5,091 (clinical) or 
£1,929 to £4,548 {non- clinical). Superannuation. 
Further particulars may be obtained from the 
Deputy Secretary, The University, Southampton SOS 
SNH, to whom applications (7 copies from U.K. 
applicants and one from others) should be sent not 
later than May 24, 1974. Ref. Na. (1713) 





WELSH NATIONAL SCHOOL OF 
MEDICINE 


(UNIVERSITY OF WALES) 
TENOVUS SCHOLARSHIP 


Applicationsgare invited from candidates who are 
about to qualify with a degree of a recognised 
University for a Tenovus Scholarship tenable at 
Velindre Hospital. Value: £760, £800, £850 for three 
years. 


Applications to 
School of Medicine, 


the Kiska Welsh National 
Heath Park e Cardiff CF4 4XN. 
(1763) 
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THE UNIVERSITY OF ASTON 
IN BIRMINGHAM 
DEPARTMENT OF PHARMACY 
Applications are invited from good horas 
graduates with a special interest in Physiology 
and/or Pharmacology for the pon 
RESEARCH ASSISTANT to work with fhe 
Professor of Pharmacology. The gost whist 
will be for a period of three yews i 
ported by a Medical Research Council 












to Professor ©, B. Ferry and will be swisect 
to M.R.C. regulations. 

The project is cancerned with the phagtra- 
cology of normal and disordered rarest 


neuromuscular lransrmssion, 

Salary will be within the range £1,208 in 
£1,869 per annum. Frelmumary emyras tay 
be made to Professor C. B. Ferry. ign 
for application forms (which showki | 
turned within I4 days of the ee: | 
this advertisementi should be seni, f 
on a pastcard. quoting Ref. Na. 97] | 
Staff Officer, University of Aston im Bonka ; 

x i 
$ 


A PERON ANNAE gp APELE NN LEY LORS LENSE SIRE O08 PANKAA AAE NEES SAA SANERAS EN EDANA EE HEYATA VAER ATENE AS 








F, 
3 
{y 
X 










ham, Gosa Green, Birmiteharn Be 








cy 


UNIVERSITY OF BRISTOL 
SCHOOL OF CHEMISTRY 


POSTDOCTORAL RESEARCH 
ASSI SP ANTSE 


Applications are invited fo: 
Research Assistanmtship to 5 
of potenhal energy surfaces of eleri 
molecules in collaboration with Pre 
Dixon and Or. Q. G. Balint-Kurti 
in the theory of electronic mole 
computing experience will be an advan 

The appoirtment which is for one ¥ 
first instance, with a possible 
years, is available from October, 
up to £2,247 pa, 

Applications with curioularn e ami - 
two referees to Professor R. E ? 
Chemistry, Bristol University, 
June 15, 1974, 
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McGILL UNIVERSITY 
MONTREAL, QUEBEC, CANADA 


Applications are invited for a two year : 
ment at the Assistant ar Assatiate Trofe 
for a biologist-physicilogixt with sirg 
MATHEMATICAL interests in the Depr 
PHYSIOLOGY starting September i, 
department homes to be able to extend 
ment. Responsibilities imchide teed: 
graduate and graduate level Science ¢ 
applications with curriculurs vitae and semtiecs 
references to: 

Ms, Maria Olejar 

Dept. of Physiology 

3654 Drummond Street 

McGill University 

Montreal, Quebec, HG IYS, coniagan 



















LAI BORATORY TECHN 


required, lady preferred, for Merchat 
area, Adequately equipped laboratc 
analyses of routine samples of coved 
future research after familiariaat 
write reports and work on own in Pee 
Salary £1,500 neg. Phone 01-636 1835 ex Så. à 
Cie ea 
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UNIVERSITY OF DUNDEE 


DEPARTMENT OF THARMACOLOGY 
AND THERAPEUTICS 


RESEARCH ASSISTANT 


Apphcations are invided for the pom of 
Research Assistant availiable from Oecd : i 
1974 and tenable for three vears, The 
ful applicant may register for s PRD. eB 
and will work under the supervisies of Tir 

$. Hewick on a propeti relating e 
role of nitroreduction as z route of 
metabolism. The net salary will be equiv 
to the stipend awarded for an MB. 
ship for training in research ay x 


Candidates should have, or experi io naba 
this year, a first or upper second class hongur 
degree or equivalent in pharmacy, ghanna- 
cology, biochemistry or related subject. 


Applications, quoting Bef Est/3/74 and 
naming two referees, should be sent to The 
Secretary, The University, Dundes DD 486 

e by May 31, 1974. {17813 
+ 
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CANADA 


.  Appheations are invited from qualified Veterinary 
- Pathologists interested in joining the Department of 
Toxicology in the capacity of Staff Pathologist. 
Responsibilities wil include techncal supervision of 
Autopsy Room and Histology Laboratory personne! 
and activities. Principally, however, the successful 
candidate will be responsible for the evaluation of 
_ histological specimen material arising out of toxi- 
eOlogical research in a variety of laboratory animal 
species and for the preparation of reports appro- 
priate to the research in question. Salary will be 
commensurate with qualifications and experience. 
Bio-Research Laboratories Ltd. is a Canadian 
research company operating in the life sciences 
field. Applications, curricula vitarum and requests 
for further details may be directed to Dr. C. L 
Chappel, Director, Bio-Research Laboratories Ltd.. 
265 Hymus Bivd, Pointe Claire, Quebec, Canada 
HOR 1G6. (1799) 
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UNIVERSITY OF LIVERPOOL 
APPLIED ECOLOGIST 


Applications are invited for the post of Environ- 
mental Advisory Officer in the Environmental 
rehabilitation Unit of the Department of Botany, 
providing ecological advice to local authorities and 
industry. Applicants should possess a good honours 
degree and postgraduate experience in plant 
ecology, soil science or agronomy. They should have 
itterest, and preferably experience, in the applica- 
tion of ecological principles to solving practical 
problems of the environment. Salary £1,959 to 
£2,178 per annum according to qualifications and 
experience. Applications should be received not later 
-than Jane 1, 1974 by The Registrar, The University, 
His hve Box hae ar La 3BX from whom 
-o forher particulars may be obtained. uote ref., 

RV/N/276007. s (1800) 

Mmana e 

UNIVERSITY COLLEGE LONDON 


Applications are invited for the following positions: 
1, RESEARCH BIOCHEMIST with postdoctoral 
or equivalent experience. 
. 2, RESEARCH STUDENTS, preferably biochemists, 
o One a CASE. award, 
‘ 3 RESEARCH TECHNICIAN (Grade 3). 
< The successful applicants will join the jnter- 
opinan Enzyme Technology Group which has 
Fecently been awarded £90,000 by the Science 
Research Council for a three-year programme on 
Ea ee iechnology oy popnli Fiymes, The funda- 
- men tocnemical aspects of this ject will be 
Particularly challenging. P enna ae 
eooo Applications should be made to the Secretary 
oN), Enzyme Technology Group, Department of 
“ee Chemical Engineering, Torrington Place, London 
oo. WOIE YE. (1806) 
‘net U 
QUEEN MARY COLLEGE 
(University of London) 
Mile End Road, Bi 4NS 


POLYMER RESEARCH: 
EXPERIMENTAL OFFICER 


¿o An Experimental Officer with experience in 
-polymer science or in plastics or analytical chemistry 
-0 3 needed to join a research group of academic and 
technician staff supported by an SRC Major 
7 ‘Centre Special Grant. The successful applicant will 
~ be expected to develop methods for the characterisa- 
tion of chain-extended single crystal polymers 
Produced in the Department of Physics. This wilt 
also involve collaboration with the Departments of 
Chemistry and Materials. Applicants should have 
an HNC. or degree in a physical science. or 
equivalent qualification or experience. The appoint- 
ment will be for two years in the first instance on 
the salary scale (Technician Grade 6) £2,370 by £4 
to £2,874 p.a. plus £175 pa. London Weighting. 
Five weeks (in total) annual leave. Five day 
week. Further details of the project can be obtained 
from Dr. D. Bloor of the Physics Department or 
write to Assistant Secretary (Establishment) EO/DB. 
(i808) 


a ae A 
EAST MALLING RESEARCH 
STATION 
BIOCHEMIST 
FOR FRUIT RESEARCH 


An experienced biochemist with a good honours 
degree to study changes in fruit, Particularly apples, 
during storage. 





















Appointment as Higher Scientific Officer (£2,221 


to £2,854) or Senior Scientific Officer (£2,798 to 
£3,895) according to experience. F.S.5.U. with aie 
non-pensionable allowance to offset personal con- 
tributions. 

_ Application forms and further details from the 
Acting Secretary, East Malling Research Statiog, 
East Malling, Maidstone, Kent MEIS l a 





z BIO-RESEARCH LABORATORIES 7 






our place inBritish Gas 





ELECTRON MICROSCOPIST 


London Research Station provides a central analytical service for the 
Gas Industry involving the development of new methods and the use 
of specialised techniques. Currently we need a scientist for non- 


routine electron microscope work. 


Duties would involve specimen preparation, microscope operation, 
interpretation and presentation of results; materials studied include 
catalysts, special alloys, abraded surfaces, corrosion products, bacteria 


and plastics. 


Applicants should have at least H.N.C. or equivalent with a good 
physics background and the ability to do delicate manual work. 
Previous experience of either scanning or transmission electron 
microscopy would be an advantage. 


Starting salary will be according to qualifications and experience on 


a scale rising to £2,661 or exceptionally £2,913. 


For further details and application form, contact the 
Research Secretary, British Gas Corporation, London 
Research Station, Michael Road, London SW6 2AD, 


quoting reference 4000/11/N. 


BRITISH GAS 





The Atomic Energy Board is 
starting a plasma research programme 
based on a medium sized Tokamak 
device. Applications are invited from 
suitably qualified theoreticians to 
take the part in the research 
programme. A Ph.D. is preferred. 
Interest in MHD instabilities will be 
a recommendation. The commencing 
salary will be determined according 
to qualifications and experience, 


Fringe benefits include: Medical 
Benefit Scheme, Assisted Housing loan 
scheme, housing subsidy scheme, 
Pension and Group Insurance Scheme, 
Annual Leave Bonus, ample leave 
privileges and free transport between 
Pretoria and the Board's site. A 


eperson appointed from overseas will 
e receive financial assistance in regard 


to travelling expenses and the cost of 

transporting his furniture and effects 

including a moter car. He is required 
e 


(1810) 





South African Atomic Energy Board 


Pelindaba 
Theoretical Plasma Physicist 


to make use of all assistance given 
by the South African Department of 
Immigration, the amount received 
from the said Department wili be 
deducted from the financial assistance 
offered by the Board. He is also 
required to serve the Board for two 
years in consideration of the financial 
assistance received. A non-South 
African appointee must undertake 
to apply for South African Citizenship 
as soon as he qualifies therefore. 
Written applications, giving full 
details of qualifications, experience, 
Employer and salary, etc., should 
be addressed to: 


South African Embassy, 

Office of the Scientific Counsellor, 
Chichester House, 

278 High Holborn, 

London WCI1Y 7HE. 

(Telephone 01-242 9641). (1804) 
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ANALYST FOR 
PHAKMACOKINETICS 


DEPARTMENT OF METABOLISM AND 
PHARMACOKINETICS 


The Huntingdon Research Centre is the recog- 

nised international leader in contract research im 
the life sciences. As a result of our continuing 
expansion, a new vacancy exists for a Graduate 
in our Department of Metabolism and Pharma- 
cokinetics, 
- The work will mainly involve studies of the 
metabolic fate and pharmacokinetics of drugs. 
Candidates should possess an appropriate qualifica- 
tion and shouid have received formal training in 
pharmacokinetics, but extensive experience is not 
essential. Practical ability, particularly in drug 
analysis, is of prime importance. 
” This vacancy will provide an ideal opportunity 
to join one of the leading drug metabolism research 
groups in the U.K. Attractive career opportunities 
exist based on merit. 

The Centre is located near Huntingdon within 
easy teach of Cambridge with good access to Lon- 
don by road and rail, We offer excellent working 
conditions together with progressive general benefits, 
a competitive salary and the usual pension and 
other fringe benefits. 

Please write or telephane for an application form 
to Mrs. Nancy McCree, Personnel Officer, Hunting- 
don Research Centre. Huntingdon PEIX 66S: Tel: 
Woolley (STD 048 086) 431: quoting reference 
number 259. (1784) 





THE HOSPITAL FOR SICK CHILDREN 
TECHNICIAN (biochemical) 


Interesting varied cardiac research. Salary: £1,200 
to £1,500. Opportunity for higher degree not ex- 
cluded. Application to Consultant-in-Charge, Depart- 
ment of Clmical Physiology, Hospital for Sick 
Children, London, W.C.1. (01-405 9200, ext. 126). 

(1781) 





FELLOWSHIPS AND 
STUDENTSHIPS 


LAURA DE SALICETO 
STUDENTSHIP 
UNIVERSITY OF LONDON 


Application is invited for the Laura de Saliceto 
Studentship (part-time) for the Advancement of 
Cancer Research. value £156 a vear for not less 
than two years. Applications should reach the 
University not later than June i, 1974. Further 
particulars may be obtained from the Secretary to 
the Scholarships Committee, University of London, 
Senate House, London WCIE JHU. (1796) 








UNIVERSITY OF NOTTINGHAM 
RESEARCH IN ENVIRONMENTAL STUDIES 


Applications are invited for a RESEARCH 
STUDENTSHIP and a RESEARCH ASSISTANT- 
SHIP in the Environmental Physics Unit, Depart- 
ment of Physiology and Environmental Studies, 
School of Agriculture. 

The N.E.R.C. RESEARCH STUDENTSHIP is to 
study solar and atmospheric radiation on sloping 
surfaces. Applicants should have, or expect to 
obtain, a good honours degree in Physics or 
Engineering. An interest in meteorology and/or 
biology is desirable. 

The RESEARCH ASSISTANTSHIP supported by 
the A.R.C. is. to investigate the effects of sulphur 
dioxide on the gas exchange of crop plants. 
Applicants should have an honours degree preferably 
in agricultural or biological science, 

Both posts are tenuble for three years. The 
successful applicant for the studentship will be 
expected to register for a higher degree; the grant 

The salary for the research 


is £695 p.a. plus fees. 

assistant will be on the scale £1,422 to £1,569 
(under review), Alternatively a. suitable applicant 
May register for a higher degree at an appropriate 
salary. 

Further details of both posts and an application 
form may be obtained from Dr. M. H. Unsworth, 
Environmental Physics Unit, University of Notting- 
ham, School of Agriculture, Sutton Bonington, 
Loughborough, Leics. (1748) 





THE UNIVERSITY OF SHEFFIELD 
DEPARTMENT OF CHEMISTRY 


Applications are invited from first or second class 
honours graduates in Chemistry or Biochemistry 
for an Agricultural Research Council Studentship. 
The appointment will be for 3 years commencing 
October 1, 1974 and the successful candidate will 
study aspects of the biosynthesis and metabolism of 
plant proanthocyanidins. It is expected that the 
person appointed will register for a higher degree, 
for which fees are paid. Students about to graduate 
in Chemistry or Biochemistry will be considered. 
‘Applications as soon as possible to Dr. E. Haslam. 
Reader in Organic Chemistry, Department of 
Chemistry, University of Sheffield, Sheffield S3 7HF. 
Quote Ref. R.66/G. (1761) 








Commonwea Ith 


QUEEN’S 


in Marine Science 


To commemorate the Royal Visit to Australia in 1970, the Austra li 
Government established the Queen’s Fellowships Scheme. Ur | 
scheme up to five fellowships may be awarded each year for f 
research by young scientists of exceptional promise and proved cap: 
original work. These awards are tenable at the Australian 
Marine Science, Townsville, an Australian university of approved 1 
Tenure of a Fellowship is expe 
commence within nine months of the announcement of the award. 


institution normally for two years. 


QUALIFICATIONS Queen’s Fel- 
lows should have a Ph.D., or 
equivalent qualifications, or equiva- 
lent research or professional experi- 
ence, in a discipline applicable in 
marine science. 


Awards will, in general; be restricted 
to applicants who are not more than 
30 years of age on the date when 
applications close. 


STIPEND $9,500 (Australian) per 
annum-—increased to $10,250 per 
annum at age 28 years. 


APPLICATIONS Persons interested in applying for the above fellowships ste 
obtain application forms and a statemeyt of the conditions of award from the & 
Queen’s Fellowships Committee, Department of Science, P.O. Box 449, 
Education Liaison Officer, 
or The 
General, 636 Fifth Avenue, New York, 20, N.Y. 10020, USA, Applic 
the award, which will be announced in DECEMBER 1974 close at the 


A.C.T. 2606, Australia; 
London, WO 2R 3EH, England; 


address on 1 July 1974. 


FELLOWSHIPS 
WYE COLLEGE 


(University of London) 


POSTGRADUATE AGRICULTURAL 
RESEARCH STUDENTSHIPS 1974 


Applications are invited from graduates or from 
those due to graduate in agriculture, horticulture 
or related subjects in the summer of 1974 for 
‘Ministry of Agriculture, Fisheries and Food post- 
graduate studentships tenable from October 1, 1974. 
A first or Upper 2nd Class Honours degree will 
be expected. 

Department of Agriculture 

One award for (a) Minimum cultivation systems: 
or {b} Pig behaviour in relation to nutrition; or 
(c) Ruminant behaviour in relation to nutriton. 

One award for (a) Tractor utilisation and fuel 
economy; or (b) Technique of dryeration for grain 
maize. 

Department of Horticulture 

One award for “Production of spikelets im the 
ear of cereals”. e 
Department of Biological Sciences 

One award@in the field of plant Breeding in 
relation to disease resistance. 

Value of Award: £695 per annum plus appropriate 
allowances and expenses. » 

Applications to the Registar, Wye College, Wye. 
Ashford, Kent TN25 SAH, as soon as possible, and 
in any case not later than June 15, 1974, 

ed 






























of Australia 








ALLOWANCES are payable e 
respect of a Fellow’s wife í ($t 10 pa 
each dependent child ($200) 
annuation payments (up to” ro 
cent of stipend), appropriate insur- 
ance coverage and necessary travel 
expenses. Host institutions are 4 

an allowance towards the cost © 
setting up the fellow and his research 
work. 

For those taking up PAS at 
Tow nsville or Perth a travel grant 
($500 p.a.) will also be paid to ‘assist 
Secs with other research 
workers in Australia. 


i 


Canberra House, 
Consul General, Australian 






























UNIVERSITY OF CALIFORNIA 
BERKELEY 


POSTDOCTORAL FELLOWSHIP 

IN LIMNOLOGY 

Position vacant immediately fot 
nologist to assist in high-qoslity basic 
on causes of blue-green algal hioo 
Lake, California, and sppirsiions — 
Nuisance Blooms. Knowledge of. 
nological techniques required. Send. 
vitae and references to Prof. A. 
Division of Sanitary Engineering, 
of California, Berkeley. CA 94720. 98720. 


SCIENCES: at as 
A NERC. RESEARCH STUDENT 
is available for up to 3 vears from Oe 
1974 for a biology graduate with of” 
obtain a good honours depres. 
including some chemistry or biochem X 
successful candidate will read for a- 
on aspects of cellular heavy metal loge 
in marine algae under the supervision oF 3 





























L. V. Evans. ; 
Applications, with the ogo 
academic referees, to Dr. L. VW. Even 






ment of Plant Sciences, The Univer 
LS2 SIT. ad 
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UNIVERSITY OF DUNDEE 
DEPARTMENT OF BIOCHEMISTRY 
Applications are invited for the post of 
POST-DOCTORAL RESEARCH 

FELLOW 

to work with Dr. D. A. Stansfield in investi 
gations of the role of phosphorylation of 
ribosomal proteins in the cyclic AMP mediated 
increase in progesterone synthesis iñ corpus 
luteum. The project, which is supported by a 
M.R.C. grant, is to start in October, 1974 
and the position is tenable for 3 years fram 
that date. 


The person appointed will be working 
within a small research group currently ine 
vestigating Various aspects of cyclic AMP 
biochemistry in futeal tissue. 


Salary scale £1,929 to £2,058 to £2,223 pa, 

Informal enquiries may be made to Dr. 
Stansfield in the Department of Biochemistry. 
Applications, quoting Ref. Est/34/74} and 
including the names of 2 referees, should 
reach The Secretary, The University, Dundee 
DDI 4HN,-by May 24, 1974. (1740) 


UNIVERSITY OF AUCKLAND 
NEW ZEALAND 


RESEARCH FELLOWSHIP 
MARINE RESEARCH LABORATORY, LEIGH 


Applications are invited for a Research Fellowship 
tenable at the Marine Research Laboratory, Leigh. 
The Laboratory acts as a research and advanced 
training facility for the Departments of Botany, 
Geology, Physics and Zoology. It offers rapid access 
to a wide variety of unspoilt coastal habitats and 
has a high quality experimental seawater system and 
facilities for direct environmental monitoring. Op- 
portunities are particularly good for interdisciplinary 
environmental studies and work involving close 
connection between field and laboratory studies. 
Applicants should have a Ph.D. degree and research 
experience in some branch of Marine Science. 

In the first instance the appointment will be for 
a period of three years, in the last vear of which 
it will be reviewed by the University Council. 
Depending on circumstances the Fellowship could 
be continued for a further period of up to a 
maximum of five more years. 

Salary will be established according to qualifi- 
cations and experience within the scale for University 
Lecturers. The present scale for a Lecturer is 
NZ36.753 per annum rising to $8,568 per annum 
by six annual increments. 

The Research Fellow will have the opportunity 
to join the Government Superannuation Fund. 

An allowance within approved limits will be made 
towards travel expenses. 

Conditions of appointment and method of appli- 
cation are available from the Association of 
Commonwealth Universities (Appts), 36 Gordon 
Square, London WCIH OPF. 


Applications close on June 16, 1974. (1755) 





horn 


UNIVERSITY OF EXETER 
DEPARTMENT OF CHEMISTRY 


_ Applications are invited for two Post-Doctoral 
Fellowships for work on the nature of the action 
of (a) glutaraldehyde and (b) penicillins on proteins. 
The work will involve the isolation of the reaction 
products by chromatography and gel filtration and 
the elucidation of the side-chain modifications 
resulting from the reactions. 

The appointments will be for one year in the 
first instance, from October 1, 1974. (Salary: £2,118 
per annum plus F.S.S.U.), and are renewable for a 
second year (Salary: £2,247 per annum). Applica- 
tions, with the names of two referees, should be 
sent to Professor H. N. Rydon, Department of 
Chemistry, University of Exeter, Stocker Road. 
Exeter EX4 4QD, by July 12, 1974. Please quote 
Ref. 1/12/7070 in all correspondence. (1746) 





UNIVERSITY OF EXETER 
N.E.R.C. RESEARCH ASSISTANTSHIPS 


Applications are invited from candidates with 
good Honours degrees in Zoology or Biology for 
two Research Assistantships in the Department of 
Biological Sciences. The posts are each available 
from October 1, 1974 and are tenable for three 
years. 

The successful applicants will be required to work 
under the supervision of Dr. C. R, Kennedy on 
the Management of the Coars Fish in a Freshwater 
Lake, and to register for a higher degree in this 
University. The investigation will be carried out in 
assocation with Mr. R. B., Troake at Slapton Ley 
Field Centre, and is supported by the NERC. 

The Assistantships have a nett value of £695 per 
annum, plus fees. e 

Further particulars may be obtained from the 
Secretary of the University, Northcote House. The 
Queen's Drive, Exeter EX4 4QJ, to whom applica- 
tions (5 copies, overseas candidates | copy), should 
be sent to arrive not later than May 30, 1976 
Please quote Ref. No. 1/12/7069 in all torres 
pondence. (1747) 








THE NEW UNIVERSITY OF ULSTER 


AND 


DEPARTMENT OF EDUCATION FOR NORTHERN IRELAND 
POSTGRADUATE STUDENTSHIPS 
For the academic year 1974-75 the Department has allocated a number 


of quota studentships for postgraduate research leading to the degrees of 
M.Phil. /D.Phil. and for advanced courses leading to the degrees of 


M.Sc. /M.A, 


Applications are invited in the following subject areas: 


1. M.Phil. / D.Phil 
School of Physical Sciences 


Chemistry---Mathematics-—-Physics 


School of Biological and Environmental Studies 
Biology--Geography and Environmental Studies—-Psychology 


School of Social Sciences 


Economics—-Human Ecology—-Social Administration-— 
Social Anthropology and Sociology. 


School of Humanities 


Classics—English--French---German— History—-Irish Studies- l 
Linguistics—Philosophy--Russian--Spanish--West European Studies 


Education Centre 
Education 

2. M.Sc./M.A. 
M.Sc.-—Economics 


M.A.—Classies: Education: 


English: 


Contemporary International 


History; General Linguistics; Russian, 

To be eligible for an award an applicant must normally be a British 
subject ordinarily resident in Northern Ireland and should hodi a good 
honours degree. Applications may be submitted in anticipation of the 
results of final examinations for honours degrees, 

Application forms and further particulars should be obtained from The 
Registrar, The New University of Ulster, Coleraine, Co. Londonderry, 
Northern Ireland (quoting Ref, 74/55) to whom completed applications, 
including the names and addresses of two referees, should be returned 


not later than May 27, 1974. 





THE UNIVERSITY OF LEEDS 
DEPARTMENT OF ORGANIC 
CHEMISTRY 
Applications are invited for the post of 
RESEARCH FELLOW to work in collabora- 
tion with Dr. G. A. Morrison on the synthesis 
of steroids of potential pharmacological value. 
The appointment, from October 1, 1974, will 
be for one year in the first instance, but may 


be extended. Salary scale £1,929 to £2,223 
(under review), depending upon age and 
experience, 


Forms of application and further particulars | 
from the Registrar, The University, Leeds 
LS? 9JT (please quote 25/16). Applications | 
should be received as soon as possible. 

(1762) | 





LINCOLN UNIVERSITY COLLEGE OF 
AGRICULTURE 
NEW ZEALAND 
POST-DOCTORAL FELLOWSHIP 


The Counci of Lincoln College invites applica- 
tions for a Post-doctoral Fellowship, tenable in any 
of the undermentioned Departments, 


Agricultural Economics and Marketing, Agri- 
cultural Engineering: Agricultura! Microbiology; 


Animal Science: Biochemistry; Entomology: Parm 

Management: Horticulture; Plant Science; Range 

Management: Soil Science, Veterinary Science: 

Wool Science. 

The object of the award is to contribute to the 
research programme at Lincoln College. In addition 
to carrying out research, the successful applicant wil! 
be expected to participate in limited teaching activi- 
ties without further emolument. 

The Fellowship shall have a total value of 
NZ$7.600. part of which will be available for fares. 
The salary portion of the emolument is taxable in 
New Zealand unless a double tax agreement operates 
betn@een New Zealand and the country of the suc- 
cessful applicant. Tenure will be for one year in the 
first instance, but may be extended iy the discretion 
of the Council. 

Conditions of appointment giving further details 
of this position at Lincoln College can be obtained 
from the Secretary-Géheral, Association of Com- 
monwealth Universitie® (Appts), 36 Gordon Square, 
London WCIH OPF, or from the Registrar of the 
College in CanterBury, New Zealand. 

Aplications close on May 34, 1974. (1678) 





(1731) 


ROYAL HOLLOWAY COLLEGE 
(UNIVERSITY OF LONDON) 
Eghamhill, Eghani, Surrey 
CHEMISTRY DEPARTMENT 


RESEARCH STUDENTSHIP AND 
RESEARCH TECHNICIAN 


The following research posts, supported by the 
SRC. and sunpervised by Dr. Paul Poweil, are 
available from October 1, 1974. - 


i. S RCCASE) postgraduate studentship for 
work on synthesis of terpenoid compounds 
using transition metal complezcs as catalysts, 
in collaboration with Bush Boake Allen Ltd. 


Technician Grade 3 with experience in the 
routine synthesis of organie compounds to work 
on mechanisms of reactions of nucleophiles 
with organic ligands co-ordinated to transition 
elements. Salary £1,650 by £54 to £1,788 a year, 
plus superannuation, 


te 


with the names and ad- 
dresses of two referees should be sent to the 
Personnel Officer (N) as soon as possible, from 
whom further details may be obtained. (1759) 


Applications together 


THE UNIVERSITY OF 
LANCASTER 
DEPARTMENT OF BIOLOGICAL 
SCIENCES 


Applications are invited for two research 


studentships, supported by N.E R.C., 


(a} to study the interractions between lumbri- 
cid earthworms and soil micro-organisms: 


(b) lo examine 


the effect of insecticides on 
the physiology of fish muscle, 

Applicants are expected to have, or to 
obtain, a first or upper second class honours 
degree in a relevant subject and should be 
prepared to commence study in October, 1974. 

Further information is available from The 
Administrative Officer. Department of Biol- 
owical Sciences. University of Lancaster, LAI 
4¥Q, to whom applications, including a brief 
curriculum vitae and the names of two 
referees should be forwarded by July 15, 1974. 
(1735) 
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ULSTER COLLEGE | 
THE NORTHERN IRELAND POLYTECHNIC 


RESEARCH STUDENTSHIPS 


Applications are invited for the award of studentships tenable 
from 1 October 1974 for research in the following fields of study:- 


CHEMISTRY 
Photochemistry 

Polymer Chemistry 
Co-ordination Chemistry (2) 
Electrochemistry 
BIOLOGY | 
Microbiology/Bacteriology 
Plant Tissue Culture 
EARTH SCIENCES 


Geology and Mineralogy of Ore Deposits 


Geomorphology 


The conditions for the award and tenure of the studentships are 
identical to those of the Research Councils. Further particulars and 
application forms are available from:- 


Academic Registrar, 


Ulster College, 


The Northern Ireland Polytechnic, 


Jordanstown, 
Newtownabbey. 


Co. Antrim, BT37 QQB. 


(1732) 


UNIVERSITY OF LIVERPOOL 
DEPARTMENT OF BOTANY 
S.R.C./C.AS.E. RESEARCH 
STUDENTSHIP 

Applications are invited from graduates with a 
first or upper second class Honours degree im 
Botany, Biochemistry or other relevant subject, of 
those graduating this year, for one S_R.C./C.A SE. 
Research Studentship. tenable from Otcober 1, 1974. 

The research topic is isoenzyme analysis m assess- 
dng the purity of commercially important Brassica 
‘seeds. In addition to work in the Botany Depart- 
ment, seed testing will also be carried aul at 
Asmer Seeds Ltd. 

Applications, together with detai t of academic 
background and names of two referees, should be 
received mot later than May 30, 1974 by the Regis- 
trar, The University. P.O. Box 147, Liverpool L69 
3BX. Quote ref. RV/N/276001. (1766) 


FELLOWSHIPS 
THE UNIVERSITY OF MANCHESTER 
RESEARCH STUDENTSHIPS IN 
THEORETICAL COLLOIDS 


Applications are invited for two studentships 


(CASE awards}. tenable for up to 3 years from 
October a from candidates with good honours 
degrees „applied mathematics or om physics or 
a Ea with a. background of mathematics. 
Successful candidates will register for PhD. and 
will work on (a) theory or absorption of poly- 
electrolytes; (b) colloid stability theory in bydro- 


carbon media. They will spend some time in the 
research laboratory of the co-operating industrial 
firm: (a) Unilevers: (b) Tioxide International (ex- 
penses paid). Applications, giving mames of two 
‘referees, should be sent as soon as possible to Dr. 
S. Levine, Department of Mathematics. The 
University, Manchester M13 SPL. ; (1728) 


ani 


AUSTRALIAN CANCER SOCIETY 
CANCER RESEARCH FELLOWSHIP 

The Australan Cancer Society invites applications 
for the Postdoctoral Research Fellowship. 

The Australian Cancer Society has initiated 4 
Research Fellowship Program. The fellowships 
are directed at the postdoctoral fevel and are 
intended to assist a research worker at this level to 
become established in Australia. 

The Fellowships is tenable in any approved 
institute in Australia and normally is for one year. 

A salary up to $8,500 pa. is pavable, together 
with $1,000 equipment grant and $500 travel. 

Closing date for applications is the first day of 
“August in the year of application. 

Application forms and the Conditions of Award 
may be obtained from: 


The Executive Director, 
Australian pence Society. 
P.O. Box 


-KOGARAH: N.S.W, 2217. (1739) 





UNIVERSITY OF BIRMINGHAM 


DEPARTMENT OF. BIOCHEMISTRY AND 
DEPARTMENT OF EXPERIMENTAL 
PATHOLOGY 


RESEARCH FELLOW / 
RESEARCH ASSOCIATE 


Applications are invited for a post of Research 
Fellow or Research Associate/Senior Research 
Associate. The successful applicant will be a mem- 
ber of a small research group working on the 
immunopathology of muscle under the direction of 
Professors S. V. Perry (Department of Biochemistry} 
and P, G. H. Gell (Department of Experimental 
Pathology). The initial aims of the research will 
be to isolate and characterise proteins from human 
musele, study their immunochemistry and cvaluate 


the role of antibodies to them in the aetiology and. 


diagnosis of muscle disease. The successful applicant 
will undertake the biochemical part of the investi- 
gation which will be carried out in close association 
wth a larger research group engaged in a funda- 
mental study of muscle biochemistry that is located 
in the Department of Biochemistry. 

Applicants should be of post-doctoral status and 
have had experience in protein chemistry and 
fractionation procedures; experience of immuno- 
chemistry would be an advantage but not essential. 
The appointment is supported by a five-year grant 
from the Muscular Dystrophy Group of Great 
Britain and the salary will be in the range £1,929 
io £2,223 (Research Fellows or £1,569 to £3,048 
(Research Assaciate/Senior Research Associate) plus 
FSS. Further particulars from the Assistant 
Registrar(S), Universoity of Birmingham, P.O. Box 
363, Birmingham BI5 2TT, to whom applications, 
including names of two referees, should be sub- 
mitted by May 31. 1974. (1765) 


MISCELLANEOUS 





BRITISH ASSOCIATION 
FOR THE ADVANCEMENT 
OF SCIENCE 


A vacancy for a Typist full or part time 


is presently available for someone. who could 
take an interest in the activities of the British 
ay viral 

poiv to the Secretary, 23 


p Savie Row, 
WIK ZAA. 01-734 6010. 


(1773) 


FOR SALE AND WANTED 





Always wanted: © 
BACK RUNS OF JOURNALS 
IN SCIENCE AND THE HUMANITIES 
WM. DAWSON & SONS LTD. 


Back Issues Department, 
Cannon House, Park Farm Road, 
Folkestone, Kent? England. 


Tel: Folkestone W421. (1) 








LECTURERS 


UNIVERSITY OF DUBLI 
TRINITY COLLEGE 


Applications are invited for the above pos 
Preference will be given to candidates è 
experience cither in Physiology, Prysiciog 
Ecology or Behaviour. E 
Salary scale: £1,969 « £126 - 22,472 (ander a 
review). 2 
Marriage and children’s allowances ars 
and there is a non-contribetary 
type Pension Scheme. 
Further particulars and application fone : 
be obtained from: 


The Staff Secretary, 


West Theatre. 
Trinity College, 











































Dublin 2. 
who will receive completed appiicatiens eee 
Monday, May 27, 1974. IROS} 


UNIVERSITY OF ADELAIDE 
Applications are invited for the fa 
appointments: 

LECTURER IN GEOGRAPHY 3 
GRAPHY). Preference will be given to omi 
interested in plant and animal geagran 
system structure and function, atid ecology 
to resource management, From January 
(31.58.74). 

LECTURER IN GEOGRAPHY. Prefs 
will be given to applicants qualified to 
geomorphology and soil geography, with parte 
reference to Australia, From January Å, 
(31.874). 
Salary scale: Lecturer SA8.608 by RATIT 

$A46%6) to SALI982; with superannuation. 


F.S.S.U. basis. Initial salary will be fixed) 
the scale in eecordance with qualifications j 
experience. 


Further particulars about these posts and. 
conditions of appaintment and other i 
sought will be supplied on regassat to the Rep 
of the University, or to the Secretary-O 
Association of Commonwealth Universities EA; 
36 Gordon Square, London, WCTH OFF. 

Applications should be seni in daphcat 
giving the information listed im the Sp 
will be supplied, to the Registrar, the tins 
Adelaide, North Terrace, Adelaide, South 
S001. 





LIVERPOOL POLYTECHNIC 
DEPARTMENT OF BIOLOGY 
LECTURER Il IN ANIMAL 

ECOLOGY 





Applications are invited for ihe post 
Lecturer H in Animal Ecology. Apple 
should have a special interest im Fresh Wa 
or Marine Biology and have pursued a. 
search problem, the ievel of PRD. 

Salary £2,708 to £3,474 p 


Details available from Saf Office, De 
Liverpool! Polytechnic, Rich he 
e Rumford Place, Liverpool LI 98H. 
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. UNIVERSITY OF SYDNEY 

F. H. LOXTON POST-GRADUATE 

STUDENTSHIPS OR SCHOLARSHIPS 
IN CHEMICAL ENGINEERING 

Applications for the abovementioned awards are 
invited from mate graduates of any age and of 
any Australian or overseas university. 

The award may be a Studentship ($A3,050 per 
annum) or a Scholarship ($A3,200 to $A4,150 per 
annum) according to the applicant's qualifications 
and research experience. It is tenable for one year 
im the first instance, but may be renewed for a 
second or third year, and, in exceptional circum- 
stances, for a further year. 

Areas of current research interest are Biochemical 
Engineering, Computer-aided Design, Computer 
Process Control, Distillation and Mass Transfer, 
Environmental Engineering, Minerals Engineering, 
Plasma Pyrometailurgy, Solids and Particle Tech- 
nology, Reaction Engineering, and Systems 
Engineering. 

Further information and application forms may 
be obtained from the Registrar, The University of 
Sydney, N.S.W. 2006. Australia, with whom 
apPPlications close on May 24, 1974, (1727) 


DUBLIN INSTITUTE FOR ADVANCED STUDIES 
SCHOOL OF COSMIC PHYSICS 


The Governing Board of the School of Cosmic Physics invites applications 
for post-doctoral RESEARCH SCHOLARSHIPS tenable in the ASTRO- 
NOMICAL and GEOPHYSICAL Sections of the School during the academic 
year 1974-75 commencing October 1, 1974. A limited number of stipends 
within the range £1,480 to £1,680 per annum, depending on experience, 
will be available. Awards will be made for one year in the first instance and 
may be renewable for one further year. 


For further particulars and Forms of Application candidates should apply 
immediately to The Registrar, Dublin Institute for Advanced Studies, 10 
Burlington Road, Dublin 4, Ireland. Completed applications should reach 
the Registrar on or before 10th June, 1974. (1777) 


UNIVERSITY OF SYDNEY 


THE THOMAS LAWRENCE 
PAWLETT SCHOLARSHIP 


Applications are invited for the above-mentioned 
award from suitably qualified graduates who propose 
to undertake postgraduate study and research 
(normally for a higher degree} in the Faculty of 
Agriculture at the University of Sydney. 


The Scholarship is tenable for one year, and may 
be renewed from year to year if the holder makes 
satisfactory progress. The present value is $543,050 
per annum, with allowances. 


Applications close on May 24, 1974 with the 
Registrar, University of Sydney, N.S.W. 2006, 
Australia, from whom application forms and full in- 
formation about the Scholarships are available, 

{1726} 
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RADIATIO Ol 


Then our range of instruments 
will interest you. 








S.RL3  Solarimeter. 

S.R.L3A Actinometer. 

S.R.L11 Pygeometer (long wave), 

SRI4 Nett Radiometer, 

S.RL4U Underwater Nett Radiometer. 

S.R.1.5  Solari-Albedometer. 

S.R.16 Reversing Albedometer. 

5.R.1.7 Miniature Nett Radiometer. 

S.R.1.12 Thermo Electric Flow Probe 
for low flows 

S.RA9 Soil Heat Flux Plate. 

S.R.1.10 Stiletto Heat Flux Plate. 


Pre-calibrated elements, and sensors avail- 
able. Maintenance Service by air mail 
parts exchange. 


We invite your enquiries, 


SOLAR RADIATION INSTRUMENTS 
21 ROSE STREET, ALTONA, VICTORIA 
AUSTRALIA . . . 3018 


Sennaa nA ria nnna p ANa 


DPN [Adenine-2, 8-H] NET-443 
1-5Ci/mmole $75/5040i $276/250uCi 

Ethanol: water solution 1:1 

Shipped in dry ice. 


“Nicolinamie-acenine dinucleotide (NAD) 


This compound has been found to be the substrate for the 
synthesis of the new polymer’, poly ADP-ribose, which was 
isolated from animal cell nuclei. fn monomer unit is 
ADP-ribose which is glycosidically linked between the 1’ 
carbon of the terminal nbose and the 2’ hydroxy! of the 
nucleoside ribose of the adjacent unit. 

DPN [Adenine-2, 8-°H] is suitable for the synthesis of this 
new eee it has been enzymatically synthesized andis 
offered biologically pure. 


‘Nature, New Biology, 248, 193 (1973) 


575 5 AbanyS Street, Boston, Mass. O2118 








NEN Canada Lid, Donel, Quebec: NEN i Chemicals Gabe Dreleichenhiain, Gemary. 
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[P] Nucleotides 
improved supply 
competitive prices 


Adenosine _ 
o'-[y-P] triphosphate 
10-15 curies/mmol 
Deexyguanosine 
5'-[a -“P] triphosphate 
0.5-3 curies/mmol 
Guanosine 


5'-[y -"P] triphosphate 
10-15 curies/mmo! 


Thymidine _ 
5'-[a- P] triphosphate 
0.5-3 curies/mmol 





The Radiochemicc 


Amersham 


W Ger 
* 


» Americas: Ame rsharm/! Searle Co aa sich 00) 


Full details on request. 
Write for our complete listing 
of labelled nucleotides. 
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“May We Re-introduce | 


a°Perennial 
e Aldrich Favorite 


N-methyl-N-nitro-N-nitrosoguanidine [MNNG] 


he very first product offered by Aldrich was 

N-methyl-A’-nitro-N-nitrosoguanidine (MNNG), sold solely 

as a precursor for diazomethane. Beyond a doubt, it is the 

most convenient precursor: stable, beautifully crystalline, 
generating diazomethane with aqueous alkali! However, it has 
serious drawbacks. It is the most powerful mutagenic agent? known 
and some people exposed to it develop a skin sensitivity. Also, the 
crude MNNG as obtained from the aqueous nitrosation is pyro- 
phoric. The recrystallized product is not, and furthermore, it is so 
nicely crystalline that it can be weighed easily without contact with 
the skin. 


For larger scale produc- 
tion of diazomethane, our 
Diazaid® has advantages 
over MNNG. It is not a 
skin irritant and it costs 
much less. However, 
Diazald® has two disad- 
vantages: (i) a shelf-life of 
only one to two years, 
and fii) the generation of 
diazomethane requires al- 
coholic alkali, aqueous al- 
kali being ineffective. 
Thus, many = scientists, 
particularly biochemists, 
who require only small 
quantities of diazometh- 
ane have continued to use 
our MNNG. 


The standard preparation 
of diazomethane involves bo 
adding MNNG to a cold aul 

$007, aqueous potassium Figure 1. Apparatus for preparing diazomethane * 
hydroxide solution cover- 7.10,100-1 and Z10,102-8 

ed with ether, and then + Reprinted with permision from Anal Cheni., 
codistillng the diazo- 45, 2302 (1973). Copyright by the American 
methane with the ether. CARMA SOK 

Diazomethane has been reported to be explosive, particularly on 
contact with ground glass joints, and so generations of chemusts 
have watched this codistillation with trepidation, We now offer two 
sets of apparatus which allow safe, more convenient generation of 
diazomethane either with or without distillation. 


The first of these enables the preparation of diazomethane from 





an kt Britain: 
Ralph N. Emanuel Lid. 


Home Office: 

Aldrich Chemical Co., Inc. 
940 W. St. Paul Ave. 
Milwaukee, Wisconsin 53233 HAO 1PY, England 





264 Water Rd., Wembiey, Middx. 


MNNG without distillation)’ Thus, MNNG is placed in the 
inner chamber and cold ether is introduced into the outer 
chamber of the apparatus (fig. 1, millimole or micromole size), 5w 
sodium hydroxide is then injected through the silicon septum onto 
the MNNG and diazomethane collects in the ether. ready for use. 
Higher diazoalkanes can be prepared from our other 
Nealkyl-N’-nitro-N-nitrosoguanidines (ethyl, propyl, butyl are 
available}. as can their deuterated and tritiated analogs.>5 Our 
Diazald® Kit for the generation of diazomethane from Diazald® 
features smooth Clear-Seal® joints which avoid the hazards associa- 
ted with ground glass joints. Deuterated diazomethane is easily 
prepared using our Deutero Diazald® Prep Set which contains in- 
structions and chemicals necessary for generating 50 mmoles of deu- | 
terated diazomethane. 


12, 994-1 N-Methyl- N’-nitro- N-nitrosoguanidine oe 
10g $10.00; 14. 7gt $15.50; 25g 

E4160-5. N-Ethyl-N’-nitro-N. -nitrosoguanidh 
nik si w a Sis. ai ee 


, e y Prep Set sso. 00 


3 Denotes mots unit 1 
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Calculator convenience, 


computer facilities 


Calculators are undeniably easy 
to operate: you enter the data, 
select the operation, and the 
machine gives the answer. With a 
normal computer you have to have 
everything perfect to start with — 
otherwise all you get is an error 
message. 

The WANG 2200 is a calculator 
with all the facilities of a computer: 
a programming language—BASIC, 
peripherals, lots of storage. It is self- 
contained and modular — you can 
start with a low-cost system and 
add storage and peripheral facilities 
as you need them. 














The statistics calculator 
with “BASIC” 


We made the WANG 2200 easy 
to use. Programming is in BASIC, 
the simplest, most understandable 
language there is. You input a 
BASIC word with one single, silent 
keystroke. You see the calculation 
progressing On the screen, you 
check, correct, and learn more 
about your program. Any error is 
marked by a coded arrow. 

The BASIC is standard Dartmouth, 
SO most existing programs will work. 
And WANG supplies a range of 


WANG 2200 
Calculator and Data 


- Processing System 





statistical, mathematical and tech- 
nical programs free of charge. With 
the peripherals available you can 
build the system you need. 


Up to 32K of computing 
power 


The WANG 2200 has up to 32K 
bytes of program storage. Disk 
storage for 5 million characters is 
available. And if necessary, it can 
be used as a terminal. Whatever 


power your problem needs, the 
WANG 2200 can provide it. 


Plus alphabet work 


Any computer can work with 
numbers. The WANG 2200 proces- 
ses letters and symbols too. 


Wang, the specialists in 
scientific calculators 


Wang laboratories have been 
making electronic calculators for 
more than ten years. We made 
many of the innovations that made 
programmablecalculators possible, 
gave them peripherals; increased 
their power. 

WANG calculating systems are 
sold and serviced in more than 
40 countries. 


| WANG ELECTRONICSLtd.,Dept.N1I 
| Olympic Way, 

| Wembley Park, Middx. 

| Tel. 01/9036755 

| The Wang 2200 interests me. Please 

|_| send complete documentation. 
| |] arrange for demonstration. 

| Name 

| Position 

| Institution 

| Address 





oS Valure Vol. 249 May 17 197 


Vol. 249 No. 5454 May 17, 1974 


Published weekly by 
Macmillan Journals Ltd 


London 
4 Little Essex Street, WC2R 3LF 
Telephone: (01) 836 6633 Telex: 262024 
Telegrams: Phusis London WC2R 3LF 


Washington 
711 National Press Building, DC 20004 
Telephone: (202) 737 2355. 
Telex: 64280 | 


Editor 
David Davies 


Editorial staff - 
Sarah Bunney Colin Norman* 
John Gribbin Sally Owen — 
John Hall Allan Piper- 
Eleanor Lawrence Miranda Robertson 

*Mary Lindley Fiona Selkirk 
Gillian Moore Mary Wade* 
Peter Newmark John Wilson 

Roger Woodham 

*Washington office 


Publishing Director 
Jenny Hughes. 


Display advertisement enquiries to: 
London Office 


Classified advertisement enquiries to: 
T. G. Scott and Sen Ltd, 
i Clement’s Inn, 

London WC2A 2ED 
Telephone: (01) 242 6264 and 
(01) 405 4743 
Telegrams: Textualist London 
WC2A 2ED 


Subscription enquiries to: 
Macmillan Journals Ltd, Brunel Road, 
Basingstoke, Hants, RG21 2XS 
Telephone: Basingstoke 29242 


Publication address in the United States 
The Wm Byrd Press Inc., 
2901 Byrdhill Road, 
Richmond, Virginia 23228 


Second Class Postage for the USA 
paid at Richmond, Virginia 


US Postmaster, please send form 3579 
to Nature, 711 Nationa! Press Building, 
Washington DC 20004 


Price 
£22 per year—excepting USA 
and Canada (£28 per year) 
Registered as a newspaper at the 
British Post Office 
Copyright © Macmillan Journals Ltd, 


May 17, 1974 


Cover picture 
Comet Kohoutek immersed in the 
Zodiacal Light, photographed from 
the Observatorio del Teide on 


January 10, 1974, by observers from 
“> the University of Manchester. The 
“|. bright object to the left is Jupiter. 
For more about 
page 233. 


the comet see 
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NaAlO, and NaFeO, polymorphism—A. R. West sunk — 
Cr*+-cobaloxime electron transfer reactions--R. H. Prince and M.G. & Segal (24% 


LETTERS TO NATURE—Biological sciences O ne keener 
Exciton-like splitting in acridine dye-nucleic acid complexes-—M. Nastasi, R. W. Yip, 
V. L. Seligy, A. G. Szabo and R. E. Williams fees 248 
a-Hydrazino-ornithine blocks net synthesis of putrescine but not of RNA and DNA— =: 
S. 1. Harik, M. D. Hollenberg and S. H. Snyder Zou 


Hormonal regulation of presumptive mRNA in the fungus Ach/ya ambisexualis—- | 
J. C. Silver and P. A. Horgen _ _ 232 
Serological evidence of calicivirus transmission between marine and terrestrial 7 
mammals—C. M. Prato, T. G. Akers and A. W. Smith 255 


DAPENA T AENA REA oh ibaa adiiiia wrna AA RAA AAE =T 


Distribution of adenosine triphosphatase during anaphase in cricket p primary os. 
spermatocytes-—L. Levine and N. Shifrin 256 
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Temperature immutability of adenyl cyclase-coupled B adrenergic receptors-— 
M. G. Caron and R. J. Lefkowitz 238 


Bacteroids in the ovaries of a tsetse fly—E. Huebner and K. G. Davey B68 
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Uptake of horseradish peroxidase by frog photoreceptor synapses in the dark and a 
the light—S. M. Schacher, E. Holtzman and D. C. Hood 261 
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Human lymphocyte-dependent antibody mediated cytotoxicity and “direct lymphocyte 
cytotoxicity against non-HL-A antigens—/. Yust, J. Wunderlich, D. L. Mann, Np: 
G. N. Rogentine, jun., B. Leventhal, Re Yankee and R. Graw 263 
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Pial vessels transport of substances fron cerebrospinal fluid to blood— E, Levin, T 
F. V. Sepulveda and D. L. Yudilevich e 266 
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Replacement of acidic phospholipids by acidic glycolipids in Pseudomonas diminuta— o 
D. E. Minnikin, H. Abdolrahimzadeh and J. Baddiley 206 
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New approach to study of oxygen transport in plants using chemiluminescent o 
method—B. B. Vartapetian, L. P. Aggpova, A. A. Averianovund V. A, Veselovsky 269 
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Guide to authors 


Nature accepts three types of 
communications: 


@ Articles are up to 3,000 words in 
length with at most six figures and may 
either be reports of major research 
developments in a subject or broader 
reviews of progress, | 


@ Letters are brief reports of 
research of unusual and wide interest, 
not in general longer than 1,000 
words; at most they have three or four 
| figures. 


@ ‘Matters Arising’ permits 
occasional short discussion of papers 
that have previously appeared in 
Nature. A limit of 350 words is 
placed on contributions in this 

category. 


Manuscripts may be submitted either 
to London or Washington. Three 
typed copies should be submitted, each 
including lettered copies of figures. 
Typing (including references) should be 
double spaced. The title should be 
brief and informative. Pages should 
be numbered. References, tabies and 
figure legends should start on separate 
pages. Experimental detail vital to the 
paper yet which would interrupt the 
narrative is best placed in the figure 
legends. Units should conform to the 
Systeme International. Greek 
characters should be identified in the 
margin on their first appearance. 
Equations should occupy single lines 
if possible. exp (a) is preferred to e* 
if ‘a’ is more than one character. 

4 Articles should be accompanied by an 
-abstract of not more than fifty words, 
and the abstract should list the main 
conclusions that are drawn. 


|. References are indicated by super- 
-scripts in the text. The style may be 

| gleaned from any contemporary Nature 
“with the following two changes: 


(i) If it is necessary to refer to several 
references by the same authar at once, 
only one reference number need be 
‘given. 


(ii) The last page as well as the first 
of any reference should be cited. 


Abbreviations should follow the 
World List of Scientific Periodicals, 
fourth ed. (Butterworth, 1963-65). 
‘Personal communication’ and ‘unpub- 
lished work’ should be incorporated in 
the text. 


Artwork should be sent with the 
manuscript. All artwork should be 
marked with the author’s name. Line 
drawings should preferably be in 
Indian ink on heavy cartridge paper, 
although other materials are accept- 
able; thin, shiny, folded, torn or 
heavily handled material should be 
avoided. Matt rather than glossy 
photographs are preferred. Figures are 
usually reduced to one column width. 


a page of Nature. Figures, particularly 
maps, should contain nothing but 
essential material. It is preferred that 
_ the original be unlabelled, but with a 
¿copy containing lettering. Labelling 

< on photographs should if possible be 


- 4- avoided entirely. 


>| A fuller guide appeared in Nature 
» (246, 238; 1973). 





Alkyl-cobalt mediation of DDT hydrolysis—R. H. Prince and D. A. Stotter Po 


Strange Phenomena: A Sourcebook of Unusual Natural Phenomena (William R. 
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Cell-free studies of developmental changes in synthesis of a-foetoprotein and albumin 





in the mouse liver-—T. Tamaoki, K. Thomas and 1. Schindler 269 
Blocking of syngeneic effector T cells by soluble tumour antigens—F. Phata and SS” 
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Allogeneic stimulation modulates the in vitro response of T cells to transplantation —— 
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Genetics and the development of social attitudes—L. J. Eaves and H. d. Ey ROK 


Persistence of traditional beliefs among undergraduates——S. D. Kumar and 
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BOOK REVIEWS 

Economics of Research and Development (P. M. Chowdhurv)——#. C. Pereira 

The Wild Uncharted Country (Deric Bolton)—D. G. King-Hele 
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ESF—low budget 
but higher profile 


A EUROPEAN SCIENCE FOUNDATION (ESF) moves closer to 
reality with the recent meeting in Stockholm of repre- 
sentatives of almost all western European countries at 
which, after strong competition from Dublin and Leiden, 
Strasbourg was chosen as the site of the foundation’s 
offices. The general outlines of the statutes were also 
approved and the next meeting of administrators will be 
in November at which time the constitution should have 
been drafted. Membership now seems to be resolving 
itself—only Portugal (an understandable and presumably 
temporary absence) was missing from western Europe, 
Finland sent an observer and Yugoslavia has had second 
thoughts and dropped out. “The door is open”, one dele- 
gate said, “for eastern Europe to join, and it would be 
my hope that within a few years the membership would 
be truly pan-European”. Within a year a President and 
a Secretary-General should be installed and a secretariat 
of about ten is anticipated in Strasbourg. 

The ESF has had an unusual history and it bears a 
deceptive name. It was created out of a desire to pre-empt, 
rather than in obvious response to an immediate need. 
Administrators throughout Europe saw the growing 
danger, a few years ago, of a deadening hand from the 
European Economic Community (EEC) seizing science 
policy and attempting to run science from Brussels. This 
caused alarm for two reasons: nobody had much stomach 
for Brussels bureaucracy and international science policy 
making cannot stop at the frontiers of the Common 
Market. The ESF thus emerged to pre-empt the EEC— 
it is freely admitted that the driving force was fear that 
the community would otherwise do something of its own. 
The title is somewhat of a misnomer since, at least in 
English-speaking countries, ESF suggests a European 
version of the American National Science Foundation. 
This it is not. Science has its more continental meaning 
of learning (the British Academy and the Royal Society 
are both involved), and it is not planned that the ESF 
should hand out grants for research. 

Is all of this a good thing? Scientists in general display 
little interest in supranational schemes, whether inter- 
national or regional, until they can see concrete examples 
of benefit to themselves that can be obtained no other 
way. Multinational ventures in providing expensive facili- 
ties are obviously approved by many, but international 
associations to cover specialisations are more ambiguously 
viewed and the ESF will fall into this category. To the 
extent that they organise grand conferences, publish 
bulletins and attempt to impose standards they are often 
ineffectual and even disliked. Their lack of funds fôr the 
support of research writes them off for many for whom 
the only organisations worth respecting are fund-giving 
organisations. And yet they fulfil one purpose which alone 
justifies their existence—that of representation direct to 
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zovernments, An international union may mean nothing 
to a scientist in an affluent and enlightened country, but 
to one in less happy circumstances it may mean the moral 
support that leads to a government grant, permission to 
work abroad for a spell or even such mundanities as the 
price of an airline ticket. 

It is to this mode of working that the ESF should try 
to restrict itself. If it is seen to be an inexpensive opera- 
tion (with a budget remaining below the half-million 
dollar mark), which can act quickly as a lobby for 
scientists when rational intervention is needed and which 
can act as a matrix on to which multinational schemes 
can be assembled but off which they can rapidly be 
removed, then it deserves support. If it attempts to 
become more grandiose, and a hunting ground for the 
nower brokers and bureaucrats of science, it must be 
stopped by scientists themselves taking action. 

Between now and November the administrators have 
one important job to do—to increase scientists’ awareness 
of the existence of the ESF. A press release about the 
selection of Strasbourg had yet to reach Britain, a week 
after the meeting ended. When Sir Brian Flowers (Flora 
Europea as one wag described him) announced the 
selection to a dinnerful of physicists the stirring of coffee 
cups continued unabated. There is no plan that the 
articles of the constitution should be open for any public 
discussion before November. This last is particularly un- 
fortunate. Although the point is made that they will in 
the main be boring, they must inevitably contain a 
description of what the foundation can and cannot do. 
Too often scientists exert themselves with organisations 
only to find themselves up against administrative answers 
—“we have no charter to do this”, “we would like to 
help but our constitution forbids” and so on. It would 
be good to think that here was one organisation which 
was understood by European scientists before it began. 

Nobody yet knows what the ESF will do. It will do 
nothing at all unless scientists can be persuaded to see 
its value and to use it intelligently. This means a higher 
profile in the next few months. 


100 years ago 





Tue President of the Institution of Civil Engineers and Mrs, 
Harrison held a recepticn on Tuesday evening in the western 
gallery of the International Exhibition, at which over two thou: 
sand guests were present. In addition to the picture galleries 
and rooms containing machinery in motion, the west quadrant 
was open, and in it were placed illustrations of recent scientific 
inventions specially lent for the evening. With the exception 
of Mr. Crook’s experiments showing attraction and repulsion 
accompanying radiation, and Tisley and Spiller’s compound 
pendulum apparatus, all were applications of scientific inven- 
tions to the wants of life, if wicked war may be included among 
our wants, for Sir W. Armstrong, and other firms, sent models 
of appliances for the hydraulic mounting of large guns, whereby 

> they can be placed in position with ease. 


From Nature’ 10, 54 May 21, 1874. 
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The significance of 


the invisible millionaire 





Peter J. Smith investigates Mr. Hughes's 
increasing interest in the ocean floor. 





Howarp Huaues, invisible million- 
aire and founder of Trans World Air- 
lines and much else besides, is a 
celebrity; his comings and goings, his 
doings and undoings, and his deeds and 
alleged misdeeds seem to be a source 
of fascination to many in the western 
world. But earth scientists in general, 
and oceanographers in particular, 
should be taking a much more serious 
interest in the activities of Mr Hughes, 
some of which are likely to have severe 
repercussions for everyone who values 
the freedom to pursue research on, in 
and under the world’s oceans. That 
such interest is apparently nil, or at 
least remains unexpressed, must be 
counted as one of the most remarkable 
examples of scientific hypocrisy since 
the hearts of the physicists who had 
worked on the Manhattan Project bled 
over the annihilation of Hiroshima. 
The problem arises because Mr 
Hughes has recently sent to sea the 
most advanced marine mining vessel 
in the world, the Glomar Explorer, 
designed and built in secrecy in Los 
Angeles by the firm of Global Marine 
Inc. And joining this ship off the coast 
of Nicaragua will be a large submer- 
sible barge constructed in equal secrecy 
by the Ocean Systems Division of Lock- 
heed. Naturally, few details of these 
craft are available, although the sub- 
mersible is known to be a 90 m x 30 m 
roofed structure which will be held in 
place beneath Glomar Explorer by 
docking legs and tubular stability con- 
trols 45-m long. A steel pipe passing 
through the ship’s bottom will then be 
connected by divers to a dredgehead 
15 m wide on the barge, whence a 
dredge pipe weighing about 4 x 10° kg 
will be lowered several thousand metres 
to the ocean floor. At the bottom of the 
dredge pipe will be equipment to skif 
the material off the surface of the ocean 
floor rather like a giant vacuum 
cleaner. . . * 
The object of this paraphernalia 1s, 


of course, to collect the copper, man- 
ganese, nickel and cobalt-rich nodules 
which lie on the floor of the Pacific; 
and although the Hughes equipment is 
still at the trial stage, this particular 
project is believed to be the most ad- 
vanced of several undergoing develop- 
ment with similar aims. The rewards of 
success are likely to be high, which is 
presumably why Mr Hughes has been 
willing to invest so much hard cash in 
what seems at first sight to be such a 
risky venture. But the rewards of being 
first in the field will be what a rival 
of Mr Hughes has described as 


Hughes: first in the field 
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Glomar Challenger: 
| played a part in 
the discovery 
of minerals. 






first-comers will 


“phenomenal”, for 
have the joy of being able to undercut 
(some believe drastically) the high and 
ever-rising world prices for minerals. 

It must be recognised, however, that 
any success that Mr Hughes might have 
in mining the ocean floor has import- 


ant implications for anyone whose 
interest in the oceans işs purely 
scientific. For one thing, it is already 
clear that Mr Hughes must have pro- 
fited greatly from Global Marine's ex- 
perience in the building, equipping and 
operating of the Glomar Challenger, 
the research vessel that has been used 
extensively by oceanographers to drill 
the oceanic crust in the search for evi- 
dence to support the new global tec- 
tonics. This is true not only of the 
technology involved but also insofar as 
the Glomar Challenger has played 
some part in the discovery of the 
minerals themselves. So one question 
which needs to be asked is whether it 
is right that an individual or company 
with purely commercial interests should 
benefit so directly and obviously from 
a project financed from public funds. 
The issue is an important one, even 
though it may not be possible in the 
end to reach a consensus on the right 
policy to adopt. 

To the extent that the principal par- 
ticipants are American, it may also be 
thought to be an issue with political 
ramifications largely internal to the 
United States. But it is not quite as 
simple as that. The fact is that much of 
the mineral wealth of the ocean floor 
that is likely to be mined lies below 
what, for want of a better phrase, are 
called international waters; and some 
companies with interests in this field 
have been reported as saying that they 
will move into such waters whatever 
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anyone else may think, say or do. One 
of the practical advantages of so doing, 
of course, is that profits will be en- 
hanced by the lack of mining taxes 
payable. But more important, any such 
move into international waters by a pri- 
vate company, ol 
nation for that 
trary to a United 
declaring the 
common heritage to be 
mankind. If 
vened, and ii 
the Sea Conference fails 
policy to control ocean exploration for 
the common the con- 


even by a single 


matter, would be 
Nations 
the ocean a 
shared by all 
conira- 


forthcoming Law o 


con- 
resolution 

riches OÍ 
this resolution 1$ 
the 


to agree on a 


eood (or even if 


ference agrees a policy which ts later 
contravened), then as Lord Ritchie- 
Calder has pointed out, “it isn’t hard 
to see armed conflicts between nations 
as a result”. Moreover, Ritchie-Calder 
notes that “Hughes may have found 


the bottom of the 
long be there alone 


These industrial privateers are going in 


new place to hide 
sea—but he won't 
for a system much like opencast [strip] 
mining. Some will their primary 
refining at sea, dumping acid and alka- 


do 


Ocean drilling routes. For 30 months during the extension 
period of the Deep Sea Drilling Project, the Glomar Chal- 


lenger 


and the Mediterranean Sea 


planred for 15 legs of duration two months each, starting 
in the Gulf of Mexico in February 1970. Other legs followed 
in the Atlantic Ocean, Mediterranean Sea, the Pacific Ocean, 








followed the routes indicated below 
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Nobody knows what effect this will is precisely the fear and suspicio 
have on ocean ecology” being exploited by mor 

None of this may come to pass, ol nations fear and suspic nic 
course: but it affects earth scientists and fed by the activities of Ho Hughe 
oceanographers nonetheless, simply be- and those with similar a O 
cause it is possible. And this is where ographers, and oceanograj 

ee i y l United States in part 
The Glomar Challenger has played should not underestimate 
some part in the discovery of the of feeling on this issue, nol hy 
minerals themselves. So one so-called underdeveloped c trie 
question which needs to be asked also in those industrial we 
is whether it is right that an able to afford the teci 
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publicly the threat to basic research outspoken against those who | tl 

from ever expanding national claims to fear of exploitation; a! 

sovereignty over what are now regarded science community 

as international waters. The threat is make it clear where 

real, but those writers who publicise it ‘“‘common good” resolut 

disingenuously avoid saying anything the United Nations 
Indian Ocean and ending again in the Atlantic O n The 
routes followed closely areas expected to | 

in three oceans concerning the interactions of the movements 
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international news 





DURING the pasi couple of weeks, the 
Atomic Energy Commission (AEC) has 
been taking a savage public battering 
over its plans to develop the liquid 
metal fast breeder reactor (LMFBR) 
as the keystone to the entire nuclear 
power programme in the 1990s and 
beyond, Charges of biased statements, 
suppression of information, outright 
deception and other underhand deal- 
ings, which are not unusual in Wash- 
ington these days, have been levelled at 
the AEC while it has been scrambling 
to meet a court-ordered deadline of 
June 14 to produce a final detailed 
analysis of the environmental, economic 
and social implications of the LMFBR 
programme. 

Although the AEC is by now used to 
impassioned attacks by environment- 
alists and nuclear critics, many of whom 
are bent not just on stopping the 
LMFEBR programme but also on halting 
the rest of the nuclear power industry, 
it may have a more difficult time in 
defending itself against a particularly 
devastating critique which was delivered 
early last week, for it came not from 
avowed nuclear critics but from another 
agency in the federal government—the 
Environmental Protection Agency 
(EPA). 

It is not difficult to see why the 
LMFBR programme has raised passions 
in the United States, for in the words 
of Barry Commoner, the outspoken en- 
vironmentalist and leader of an organi- 
sation called the Scientists Institute for 
Public Information (SIPI), the country 
is now “at a crossroads” in its energy 
policies. A decision to push ahead 
rapidly with the development of the 
LMFBR would lock the United States 
into a nuclear-dominated energy supply 
programme if for no other reason than 
the huge cost that the LMFBR would 
entail, On the other hand, if nuclear 
critics can nip the LMFBR programme 
in the bud, they argue that the federal 
government would be forced to pay 
more attention to the development of 
renewable energy resources and energy 
conservation. The LMFBR has thus 
become a rallying point for a powerful 
coalition of environmentalist and scien- 
tific groups. 

The debate is centred on a landmark 
decision of the federal appeals court 
which last year forced the AEC to obey 
the dictates of the National Environ- 
mental Policy Act (NEPA) by produc- 
ing a broad and detailed analysis, of éhe 
environmental impact ofthe commercial 
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application of several hundred 
LMFBRs. The decision forced the AEC 
to examine the advantages and dis- 
advantages of the entire LMEFBR pro- 
gramme in relation to other methods of 
producing energy, and the impact state- 
ment should therefore form the basis 
for a public examination of the United 
States energy policies. 

The AEC produced a draft of the 
NEPA impact statement on March 14 
and it is legally empowered to put the 
statement into final form by June l4. 
It is the draft statement which is the 
basis of the AEC’s public mauling. The 
Natural Resources Defense Council 
(NRDC), a publie interest law group, 
has charged that the draft statement is 
“a deliberate attempt to mislead the 
public’ and has demanded that it be 
withdrawn and rewritten. Similarly, the 
SIPI has castigated the AEC for pro- 
ducing an impact statement which is “so 
grossly inadequate as to prevent rather 
than enhance public discussion of the 
AEC decision to proceed with the pro- 
gramme. And finally, although using 
rather more restrained language, the 
EPA has given the AEC’s draft state- 
meni its lowest possible rating and said 
that it “does not adequately detail the 
potential environmental impact” of the 
programme. In fact, the EPA said that 
the document was so deficient that 't 
does not provide enough information to 
allow anybody “to reach the conclusion 
that the present LMFBR programme 
is preferable to other energy options”. 

The EPA's critique has placed the 
AEC in an unenviable position, for it 
has hit a number of the most sensitive 
points in the AEC’s justification for the 
LMEBR programme. If the AEC does 
alter its statement accordingly, a num- 
ber of its chief arguments could well 
disappear, whereas if it ignores the 
PA's comments it will lay itself wide 
omen to a court suit by environmentalist 
groups. £ 

One of the AEC’s chief justifications 
for the LMFBR programme is that 
breeder reactors are much more efficient 
then conventional light water reactors 


(LWRs) in their use of scarce uranium 
resources. The LMFBR- can take 
uranium-238, which is unsuitable fo: 
use in LWRs, and convert it te 
plutonium) which can then be used te 
fuel both conventional and breeder 
reactors-—it breeds fuel, in other words. 
Since the AEC predicts that the Unitec 
States has only enough uranium left tc 
fuel conventional reactors for another 
25-50 years, this characteristic of the 
breeder reactor will be essential for 
stretching out uranium resources, and 
it will make the LMEBR the keystone 
of the nuclear power programme. 

The AEC’s draft statement estimated 
that if all goes well the breeder reactor 
will be introduced in 1987, that 400 of 
them will be operating by the year 2000 
and producing 400,000 MW of elec- 
tricity and that by the year 2020 
LMFBRs will be generating 2.2 million 
MW. The commission argued that there 
is no oiher technology on the horizon 
which seems capable of supplying that 
much energy and that to abandon the 
LMFBR programme now could well 
plunge the United States into a severe 
energy crisis towards the end of the 
century, 

The AEC paints this picture of what 
will happen if the LMFBR is not intro- 
duced: as uranium resources dwindle, 
the cost of mining uranium ore will 
increase, and this in turn will increase 
the cost of generating electricity by 
LWRs and drive up electricity prices. A 
central theme is that the later the 
breeder is introduced, the smaller will 
be the benefits it produces, and therefore 
a strong commitment must be made as 
early as possible to the LMFBR pro- 
gramme. 

But the NRDC has pulled the AEC’s 
cost-benefit analysis to pieces, suggesting 
that it is founded on dubious assump- 
tions, unrealistic projections and mis- 
leading accounting procedures. And the 
EPA has backed up most of the 
NRDC's complaints, suggesting that if 
the cost-benefit analysis is corrected, it 
would “preclude acceptance at this time 
of the AEC contention that deferral of 
the present LMFBR programme would 
be intolerably costly”. The critique 
goes on to suggest that there is no 
reason to rush into the LMFBR pro- 
gramme because “there is sufficient 
time to consider alternative uranium- 
saving nuclear technologies and study 
and resolve some of the issues of en- 
vironmental risk”. 

Those statements and the accompany- 
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ing documentation in the EPA's 94-page 
critique of the impact statement are 
likely to provide environmentalist groups 


with powerful ammunition if they 
eventually go to court to get the 


LMFBR programme stopped and, av- 
cording to one EPA source, if the AEC 
does amend its impact statement by 
incorporating some of EPA’s criticisms, 
the economic justification for the 
breeder could be shot to pieces. 

As for the question of plutonium 
toxicity, that is likely to provide a con- 
siderable headache for the AEC for a 
long time to come. The draft NEPA 
statement concludes that the entire 
breeder reactor programme is likely to 
cause only 2.2 deaths in the United 
States through radiation from power 


plants, fuel reprocessing plants and 
waste disposal facilities, This statement 


was made in spite of acknowledgments 
elsewhere in the AEC’s document that 
there is a good deal of uncertainty 
about the health effects associated with 
plutonium. 

One of the chief uncertainties is the 
question of potential damage to the 
lungs from tiny particles of plutonium 
which have been inhaled. a topic which 
has recently been thrust into the public 
spotlight by two nuclear experts work- 
ing for the NRDC, Dr Arthur Tamplin 
and Dr Thomas Cochran. Even before 
the draft impact statement was pub- 
lished, Tamplin and Cochran launched 
a vigorous attack on the AEC’s radia- 
tion standards, contending that they are 
based on an unrealistic assumption that 
radiation from inhaled plutonium 
particles is evenly distributed through- 
out the lungs. They argue that tissue 
immediately surrounding a particle of 
plutonium is getting a radiation dose of 
about 4,000 rems a year, but if the dose 
is averaged out over the entire lung, if 
amounts to only 0.003 rems per year. 
They therefore argue that the AEC 
should modify its regulations governing 
the release of plutonium into the atmos- 
phere by a factor of 115,000. 

Although the EPA critique takes up 
no position on the validity of Tamplin 
and Cochran's theory, it says that “a 
scientific basis for estimating health 
effects from plutonium particulates is 
not available at this time”. The EPA 
therefore recommends that the AEC’s 
final environmental impact statement 
should indicate what steps the com- 
mission would take if the Tamplin— 
Cochran thesis turns out to be correct, 
and it also suggests that “as a final 
alternative, the commission may want 
to examine what tradeoffs exist in de- 
laying the imolementation of a full-scale 
commercial LMFBR programme until 
the risks from particulate doses, as 
compared to those from a uniform lung 
dose, are on a more firm scientific basis 
so that meaningful public judgment on 
the risks and benefits of the programme 








Commoner lays into AEC 


One of the most stinging criticisms of 
the Atomic Energy Commission's draft 
environmental impact statement on the 
liquid metal fast breeder reactor 
(LMFBR) programme has come from 
Barry Commoner, an outspoken cham- 
ans of the Sveum move- 
press conferences that the Atomic 
Energy Commission (AEC) has been 
deliberately suppressing information 
on the potential of solar energy in 
order to make its case for the breeder 
reactor leok good. 

The accusation stung, for AEC 
chairman Dixie Lee Ray immediately 
put out a statement labelling the 
charge “totally false” and has stead- 
fastly maintained that the commission 
is not trying to suppress any informa- 
tion relating to the LMFBR pro- 
gramme. 

The nub of the dispute is this. Com- 
moner, who is chairman of the 
Scientists’ Institute for Public Inform- 
ation (SIPD maintains that the AEC’s 
draft impact statement fails to take 
into account a very optimistic report 
on the potential for solar power which 
was prepared for Dr Ray last year. 
The report, prepared by a panel of 
experts which assisted Ray in putting 
together her recommendations for a 
five-year energy research and develop- 
ment programme, concluded that solar 
power technologies could be developed 
to produce about 21%, of the electrical 
nergy needs of the United States by 
the end of this century. 

The AEL draft o 
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Solar technologies 
Photovoltaic 
Solar thermal 
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Wind 
Ocean thermal 
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is possible”. 

As for the safety of the LMFBR, the 
EPA critique of the draft impact state- 
ment says that the AEC has not been 
sufficiently qualitative in its assessment 
for the EPA examiners “to conclude 
what safety approaches will be takep in 
many important areas”. It is suggested 
that the AEC should include in its final 
impact statement a comparison of the 
risks of the LMFBR and the LWRs. 

In view of the sérious deficiencies 
which have been unefrthed in, the 
AEC’s draft impact statement, the EPA 
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ever, said that “the outlook appears 
to be that solar energy has little poten- 
tial as an economic, major source of 
electricity for several decades” and it 
went on to suggest that “the use of 
solar energy will not materially reduce 
the need for alternative eles 
energy sources in the fores 
future’. The impact statement m 
no reference at all to the pa 
report. 

The dispute about solar energy is 
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if t ie Baier $ proj E ons prove 
correct, solar energy would be < 
supply almost as much power i 
breeder reactor by the year 2000 (see | 
Table 1) And that 





would shoot to | 
pieces the AEC’s contention that the | 
breeder reactor is desperately needed | 
to avoid an energy crunch toward the | 
end of the century. Commoner con- | 
tended in his first press conference on | 
the matter that “the AEC may be in- | 
volved in another Washington coverup 


-= -this time an attempt to cover up the 
Sun” 


According to the SIPIL which | 
together with the Natural Resources | 
Defense Council brought the suit | 
which forced the AEC to produce the | 
impact statement on the LMEBR pro- 
gramme, the siatement’s failure to c On 
sider solar energy as a viable alte 
piye to = Ba programme is “a 
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Environmental Policy Act 
cau ioe l 


Percentage of 


(millions kw) projected demand 


140 7 
40 Z 
35 2 
170 9 
Not available Wot available 
25 I 
410 2i 
80 4 
236 (minimum) 12 (munimum) 
765 37 
435 24 
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has recommended that AEC lawyers 
should go to court to get an extension 
of the June 14 deadline for producing 
the final impact statement, while the 
SIPI and the NRDC have suggested the 
more drastic step of writing another 
draft statement and following thal up 
with a final document, 
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| sticks t to > the 
reeni deadline, it c can pbe perta t 
its final impact statement WEH: 
lenged in the sour if it faile te 
the ‘obiections raised by EPA or 
critics 





























still at first Dae 


Eleanor Lawrence 
Her Majesty's Alkali and Clean Air 
Inspectorate comes under strong criti- 
cism in a recent report for its attitude 
to the problems of pollution control 
which, says the report, is now out of 
date and often ineffective. (The Alkali 
Inspectorate, Social Audit, 9 Poland 
Street, London WIV 3DG, £1). 

The report, prepared by Maurice 
Fraenkel for Social Audit, criticises 
the inspectorate for not publishing the 
_ detailed data it collects and for general 
secrecy and non-cooperation towards 
_ members of the public and local autho- 
tities who make complaints against 
Specific works. Also, says the report, 
it seems unwilling to put the maximum 
pressure on factories who do not com- 
ply even with its standards. 
| These specific criticisms stem from 
- the way the inspectorate itself sees its 
role in controlling industrial pollution. 
in the words of the present Chief 
Alkali Inspector, Mr F. E. Ireland, the 
first Chief Inspector, Dr Angus Smith 
in 1863 “set the policy pattern of the 
inspectorate which has been followed 


ever since’. This policy involved a 
- Sympathetic approach towards the 
manufacturers which included tech- 


nical help towards solving their prob- 
lems which was very welcome and 
did result in the early days of the 
inspectorate in a tremendous reduction 
of pollution. But, says the report, times 
have changed and this attitude may 
not be quite so effective nowadays and 
is in fact blocking the way to a more 
effective control of pollution. 

“We like to help industry”, Mr 
Treland told the author of the report, 
_ “when we visit a works they are actu- 
“ally glad to see us.” But from the out- 
‘side, local authorities and members of 
the general public have made many 
complaints that the standards that the 
inspectorate itself lays down are often 
‘not being followed by the factories and 
that the inspectorate will allow works 
more than ample time to put their 
house in order even when this results 
in serious nuisance to local residents. 

Local authorities which, through 
their own Public Health Inspectors, 
control pollution from all the factories 
and processes that are not registered 
under the Alkali Act, are one of the 
main critics of the Alkali Inspectorate. 
Some of the larger authorities have 
tried to break into the mutual admira- 
tion society obtaining between the 
inspectorate and the industries they 
monitor by suggesting that they 
should take over the inspectorate’s 
duties, but this suggestion has bee 
repulsed both by the inspectorate ‘and 
by the industries themselves, who are 


* 


seemingly 





unwilling to leave 


inspectorate’s protection. 
Many of the complaints about 


inefficiency on the part of the inspec- 
torate can be traced to its staffing 
Which is described in the report as 
totally inadequate. Thirty-five inspec- 
tors monitor the 2.000-odd works regis- 
tered under the Alkali Act and in these 
circumstances even the inspectorate 
admits it is unable to carry out the job 
as well as it would like. 

The report concludes that despite its 
proud record and the undoubted tech- 
nical expertise and determination of 
Its staff, the Alkali Inspectorate is par- 
ticularly ill-suited to the role now 
expected of it. It suggests that the 
simplest solution to the problem might 
be to transfer the responsibility for 
control of registered works to the loca! 
authorities, which nowadays have the 
technical skills needed to deal with 
this sort of work. 

If the Alkali Inspectorate is to con- 
tinue as an enforcement agency, then 
it needs more staff and more frequent 
inspections; but most of all, says Mr 
Fraenkel, it must be made accountable 
and all pollution data other than 
genuine industrial secrets must be 
published in a readily available form. 
The inspectorate’s defence of its policy 
of non-publication is that the public 
does not understand pollution data. 








Azbel’s visa 


We have just received news that 
Professor David Azbel, one of the 


o] 
| 


three Jewish intellectuals who 
went on hunger strike “taking a 
step befitting political prisoners” 
earlier this year (Nature, 248, 2-3 
(1974) ) has received a visa permit- 
ting him to leave the Soviet Union. 
No visas have as yet been granted 
to his fellow strikers, Vitalii Rubin 
and Vladimir Galatskii. 





Happy birthday, 
Soviet style 


Vera Rich 

AS readers will be aware by now, the 
250th Anniversary Meeting of the 
Soviet Academy Sciences has been 
postponed. A brief note in the Pravda 
of May 6, 1974 (which appeared on 
page 2, the page devoted to Party and 
political news) announced: 

“The Academy of Sciences of the 
USSR with the approval of the Central 
Committee of the Communist Party 
of the Soviet Union has resolved to 
postpone the meeting deveted to the 
250th anniversary of its foundation, 
from May, 1974¢ until a later date. 
During this time, celebratory (anni- 
versary) meetiħgs of the Academies of 
Science in the Union Republics will be 
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held with the pattigipation of Soviet 


society. Meetings devoted to the anni- 
versury of the Academy of Sciences of 
the USSR, and ta problems of the 
better implementation of — scientific 
achievements in practice. will also be 
held in scientific institutions and 
establishments. It is intended that 
scientists will speak at industrial enter- 
prises, collective farms and state farms 
with the aim of popularising scientific 
knowledge among the workers. The 
Academy of Sciences will complete its 
preparations and the publication of 
fundamental scientific works in honour 
of the anniversary, and will organise 
thematic exhibitions under the slogan, 
‘The Achievements of Science are for 
the National Economy.” 


In these brief words, the prepara- 
tions and expectations for a grand 
international celebration are tpost- 


poned’—a word which may be taken 
in its literal sense, but which under the 
Stalin bureaucracy was a frequent 
euphemism for ‘scrapped’. 

There is of course a certain sugges- 
tion of unpreparedness here---that al- 
though the resolutions to celebrate the 
anniversary were published last 
autumn, the Academy is still in a state 
of unreadiness. In spite of the Soviet 
predilection for the fulfilment of 
norms ahead of schedule. such lack of 
preparedness for conferences has been 
known to occur, 

Even if there has been some tar- 
diness in preparation, however, this is 
not the full story, particularly as the 
date of the ‘foundation’ of the 
Academy can be interpreted in more 
than one way. What it was intended to 
celebrate this year was the issuing of 
a decree by Peter I (‘the Great’) 
establishing the Academy, on January 


28, 1724. Having begotten the Aca- 
demy, however, Peter died and the 
Inaugural meeting took place nearly 


two years later, on December 27, 1725, 
in the presence of Peter’s widow and 
successor Catherine 1. On at least one 
occasion, the 1725 date has been cele- 
brated as the anniversary: in 1945 a 
220th jubilee celebration was held and, 
although under war conditions a 1944 
celebration would have been im- 
possible, there was nothing in the 
official publications about the occasion 
to suggest that this was in any sense a 
postponement. 

Looking closer at the announce- 
ment, however, it is not merely a post- 
ponement; it is a change of aim and 
intention. Instead of a grand inter- 
national gathering (which has been 
‘postponed’), there are concrete plans 
for lectures on the grass roots of 
Soviet society and a stress on scientific 
utilitarianism. 

But would it have been an inter- 
national meeting at all? Would the 
leading scientists of the world really 
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Brain drain 
reduced 
to trickle 


{Thousands} 


Engineers 








have gathered in Moscow to honour 
the Soviet Academy as a member of 
the international fraternity of science. 
With Academician Sakharov puilloried 
in the Soviet press as unworthy of the 
dignity of a Soviet scientist? With 
Jewish scientists who dare to apply for 
a visa for Israel submitted to all forms 
of harassment, from dismissal from 
their posts to petty and often puerile 
vexation, such as the ostentatious 
shadowing for no reason but to annoy? 
With an “opposition” seminar planned 
to be held in July in. the Moscow 
apartment of one such dismissed 
scientist, Professor Aleksandr Voronel? 
With the British Royal College of 
Psychiatrists demanding in no un- 
certain terms last November an “im- 
partial commission of enquiry by a 
broadly based group of psychiatrists of 
international repute, drawn from a 
number of countries”, to investigate 
“the reports it has received about the 
alleged abuse of psychiatry in the 
management of individuals who take 
up a position of political dissent” in 
the Soviet Union? | 

In such circumstances, an inter- 
national gathering might well prove 
too explosive a celebration, But the 
postponement announcement does not 
have the air of simply waiting for the 
tension to cool. The return to the grass 
roots, to the factories and farms, has 
the air of a total rethinking of how 
the event should be celebrated. If the 
outside world is critical of how the 
Soviet Union conducts its science, the 
Academy is willing to go out into the 
highways and byways and. celebrate 
with the workers and peasants. 





THE huge influx of scientists and 
engineers into the United States during 
the late 1960s, which became popularly 
known as the ‘brain drain’, has been 
sharply curtailed by restrictive immi- 
gration regulations imposed by the 
United States Department of Labor. At 
the same time, however, physicians and 
surgeons are flocking to the New World 
in record numbers. 

According to statistics published by 
the National Science Foundation, some 
6,600 scientists and engineers entered 
the United States between July 1972 


| and June 1973—the first year in which 


the full force of the new regulations 


-was felt. This compares with an annual 
| influx of from 10,300 to 13,300 between 
| 1967 and 1972. As for physicians and 


surgeons, 7,100 were admitted to the 
United States last year, more than 
twice the number corresponding in the 
late 1960s. 

Designed 


to protect the jobs of 


| American citizens against competition 


from cheap foreign labour, the new 
immigration regulations specify that an 
alien can work in the United States 


Start for UK 
on radiation 


from our Solid State Physics 
Correspondent 


BRITAIN had its first meeting on radia- 
tion effects in electronic devices on 
April 24—a one-day event organised 
by the Institute of Physics (IOP) at 
Imperial College, London. The meeting 
is notable mainly because of the general 
issues it raised. In the United States 
there has been an annual three-day 
meeting on this topic since 1964, the 
proceedings of which run to 250 pages 
but ten years later, the United King- 
dom has had a mere one-day meeting 
with no published proceedings. The 
organiser, Mr K. J. S. Cave of the IOP 
Electronics Committee, termed the lag 
“regrettable”. 

Why are the levels of interest so 
disparate in the two countries and is 
this apparent lack of interest within 
the United Kingdom justified? In 
answer to the first question, the main 
difference could derive from differences 
in the size and philosophy of defence 
and space programmes in the two 
countries, rather than from differing 
extents of use of radiation sources for 
more mundane purposes (such as 
nuclear reactors, processing irradiators, 
ion implantation, radiography or basic 
research). A fair proportion of ®the 
physical investigations has been done 
in the course of producing ‘radiation- 
hardened’ semicondyctor devices for 
the United States Department of De- 
fense and, to a much lesser extents for 
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job which 
cannot be filled by a suitably qualified 





only if he has been offered al 


indigenous worker. Since there has 
been considerable unemployment among 
scientists and engineers stemming 
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chiefly from cutbacks in expenditure | 
on aerospace activities in the late 1960s, | 
non-American citizens from those pro- 
fessions have a tough job getting 
round the regulations. By the same 
token, however, because there a 
shortage of physicians and surgeons bY 
the United States, qualified doctors are 
flooding into the country in increasing 
numbers. 

The sharpest reduction in immigrant | 
scientists and engineers between 1972 | 
and 1973 was in the number of quali 
fied Asians allowed to enter. 

One sad irony is that scientists and 
engineers from India, for example, ar 
being refused entry to the Units 
States although there is massive u 
ployment among college gradus 
India. At the same time, physicians and. 
surgeons are flooding into the © nited 
States when they are badly needed in 
their home countries. 
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the National Aeronautics and 
Administration (NASA). The 
ent bodies in the United King 
government are not such expa : 
customers, although a few exploratory 
development contracts have been let 
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ence here lies in the fact that United 
States strategic missiles must withstanc 
nuclear attack, whereas the United 
Kingdom government has no such re- 
quirement. Space agencies im general 
seem to sponsor less work in this 
in proportion to their need, pi 
cause only a certain group of 
trajectories intersect space af 
belts and perhaps the planners pre- 
sume that they can avoid these—or 
fudge a solution. 

As to the second question, the meas- 
ure of justifiable interest for physicists 
should be the degree of understanding 
of physical processes which derives 
from the research. It is widely a 
that the physicist who studies the. 
of radiation in an electronic « 
usually ends up by knowing mo 
that device than the man who di ee 
it. Thus, we can say that the device 
physicist should gain benefit from such 
studies. Furthermore, it is common 
that investigators have to improve the 
general level of knowledge of radiation- 
induced defects in solids in order te 
formulate improvements in the radia- 
tion hardness’ of a device. Thus, the 
phycist with an interest im the : 
state of solids should find such 
suitable challenge. Similar ar 
can be developed for ceramics, mets 
plastics and other bulk materials and 
can be said? that the return in basi 
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< reasoning, scientists in the United King- 
~ dom may be missing a few tricks by 
not doing more work on radiation 
effects on their own behalf, 
The planners may also have missed 
a trick here. Developing a radiation- 
tolerant material or device takes a 
very long time. In several advanced 
technological developments, radiation 
damage may often provide the limit 
to the usefulness of system: examples 
of such systems are fusion reactors 
and unmanned space vehicles. To ob- 
tain true effectiveness in research on 
radiation effects, the lead time may 
need to be well over ten vears and 
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take shape.. A surprising amount can 
be gained by research which prevents 
device designers from pursuing the goal 
of radiation resistance in the wrong 
way. The analogy with preventive medi- 
cine is, in fact, strong and probably 
again extends outside the field of intri- 
cate semiconductor devices, with which 
the meeting in question was concerned. 
Because there is not, as in the United 
States, a well developed ‘radiation 
effects community’, the need for both 
underlying and short term research in 
this speciality may not get pressed as 
strongly as it should in the United King- 


dom—there is no one to give the whole | 
picture to the top level technological — 


each other’s experience, 


the ‘reactor. people’, | the “device people’. 


‘dosimetricians’ and other -Spec- 
who have a lot to gain from 
very rarely 
join forces either in conference or 
Whitehall corridor to express a common 
interest in two basic processes with 
which they are all concerned, namely 
displacement damage and ionisation 
effects. A happy exception to this is the 
case of the ion implantation specialists, 
whose techniques are useful both to re- 
actor and device designers and whose 
meetings embrace both fields. This sug- 
gests that it is time for a professional 
body to sprout a committee which does 
the job of bringing together specialists. 


the 
ialists, 
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Referees in print 
Sir,—-I read the recent letter by H. 
_ Fraenkel-Conrat [Nature, March 1] con- 
cerning anonymity of scientific review- 
cers with some interest. 
| wonder if many readers are 
-acquainted with the compromise system 
< currently being used by the Journal of 
Geophysical Research (Space Physics), 
and instituted by my predecessor, W. I. 
< Axford. Each manuscript sent out for 
_ review is accompanied by a form stating 
that the journal acknowledges the 
- assistance of reviewers by naming them 
at the end of the paper when it finally 
appears in print. The reviewers are 
asked to indicate on the form whether 
they agree to being acknowledged. If 
“they agree, the paper appears with a 
footnote that states: “The Editor 
thanks A, Smith and B. Jones for their 
: assistance in evaluating this paper”. If 
one of them does not agree, the state- 
ment reads: “The Editor thanks A. 
Smith and another referee for their 
assistance in evaluating this paper”. If 
both disagree, of course, no footnote 
appears, but many such papers are 
rejected in any case. 
This rather simple device has worked 
very well since its inception; more than 
90% of our reviewers do agree to this 
form of acknowledgment. It not only 
provides some small tangible acknow- 
ledgment of the reviewer, but it also 
apparently reduces the incidence of 
irresponsible reviews that are written 
solely for “the joy of releasing adrena- 
line with anonymous impunity”, a$ 
. Fraenkel-Conrat describes one such 
effort. 
To my knowledge, no pther journdi 
has yet adopted the system in spite of 


its demonstrated success and general 
acceptance among scientists in the field 
of space physics. It does carry with it 
ertain corollaries that may not be 
acceptable to many editors—-for in- 
stance, reviewers’ reports must be trans- 
mitted to authors in a more or less 
unadulterated form, since it would 
hardly be fair to acknowledge a 
reviewer publicly for a report that had 
been translated and heavily doctored by 
the editor himself. 
Yours faithfully, 
GEORGE C. REID 

Aeronomy Laboratory, 
National Oceanic and Atmospheric 

Administration, 
Boulder, Colorado 80302 


Soviet scientists 


SiR, —Professor 
Nature, April 12: 

É . In Western society too much 
concern for problems of peaceful 
coexistence, disarmament and the 
abolition of nuclear weapons is re- 
garded as at best naive and at worst 
subversive. In Soviet society these 
things are highly regarded.” 

It is reassuring to think that the 
crowds assembled in Moscow’s Red 
Square on May I and November 3 are 
there to protest against the parade of 
intercontinental missiles with nuclear 
warheads that we see in the news photo- 
graphs. Their protest is made impres- 
siv8 by the fact that it is expressed as 
applause, which makes it more orderly. 

Professor Burhop also says that 
Soviet scientists who wish to emigrate 
to Israel bear a resemblance to Oswald 
Mosley in 1939. This lacks verisimili- 
tud@. The British Fascisti (the BBF of 


Burhop states in 


Aldous Huxley's Point Counterpoint) 
did not try to leave, even though many 
people wished they would. 
Yours faithfully, 
Tuomas H. JUKES 
University of California, 
Berkeley, California 94720 


Lead in petrol 


Sir,—In the second paragraph of the 
article “Lead in the Environment” 
(Nature, April 5, 1974). the writer 
states that in 1972 about 90,000 
tonnes of lead were added to petrol in 
the United Kingdom alone. No refer- 
ence is made to the source of this in- 
formation but you may wish to correct 
the figure quoted which is grossly in 
error. 

The Associated Octel Co. Ltd is the 
sole manufacturer and supplier of lead 
anti-knock compounds in the United 
Kingdom. The total production of lead 
alkyl compounds in 1972 was 101,000 
tonnes, 27,600 tonnes of which were 
supplied to refiners in the United King- 
dom and Eire, the remainder being ex- 
ported worldwide. Since the lead metal 
content of anti-knock compound is 
approximately 40% w/w, the total 
weight of lead supplied to refiners in 
the United Kingdom and Eire was 
therefore around 11,000 tonnes in 1972. 

Yours faithfully, 
R. G. AICKIN 
The Associated Octel Co. Ltd, 
London WIX 6DT 


Our figure for United Kingdom lead 
additives in petrol should have been 
9,000 tonnes. lts appearance as 
90,000 tonnes was a printing error— 
Editor. 
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Selectivity 
of nature 


THe rate of evolution, and the varieties of adaptation open 
to a population depend on the degree of genetic variation 
which exists within it. The problem of measuring this crucial 
parameter seemed to be resolved with the use of the electro- 
phoretic mobility of enzymes as markers for different 
alleles. This technique was first used to assess allele fre- 
quencies and heterozygosity in Drosophila pseudoobscura 
(Hubby and Lewontin, Genetics, 54, 577; 1966) and has since 
been applied to numerous other species from armadillos to 
thrips. The results obtained from. these vastly different 
species have been quite consistent. Between 10% and 30% 
of the gene loci sampled in a species are polymorphic, and 
5%-15% of those in an individual are heterozygous. This 
seemed to provide abundant genetic variation on which 
selective pressure could act, until Kimura (Nature, 317, 624; 
1968) proposed that the different alleles at a given locus 
produce the same phenotype, so that most of the genetic 
variation revealed by enzyme electrophoresis is probably 
selectively neutral. 

In that case, there would be comparatively little genetic 
variation which could be affected by evolutionary processes 
other than genetic drift. Kimura’s argument for neutral 
mutation is based on the substitution rates of alleles 
producing macromolecules as the x and & chains of 
haemoglobin and cytochrome e, which have been roughly 
constant through evolutionary time. That would be the result 
if genetic drift were acting on neutral alleles, but not if 
there were alleles at a selective advantage or disadvantage. 
Kimura has further argued that the variation in fitness nec- 
essary to maintain so much genetic variability by selection 
wouid represent a “genetic load” so great as to result in the 
extinction of the population. 

But heritable variability in virtually all characters has 
been the foundation of Darwinian evolution, and finding it 
difficult to believe that much of the genetic variability does 
not manifest itself in phenotypic variation, population gene- 
ticists have challenged Kimura’s hypothesis on a number of 
grounds. Most of the parameters (effective population size, 
selection coefficients, mutation rates, and so on) necessary 
for population genetics theory are, however, unknown. This 
has meant working from ‘reasonable’ values to explore the 
consequences of the theory and see if plausible conclusions 
are reached; and what seems reasonable to one worker may 
not seem so to another. 

Some more recent challenges have adopted a new 
approach, questioning Kimura’s theory on its internal con- 
sistency in explaining certain kinds of data. There are several 
levels of attack, all based on the idea that even though 
relevant parameters such as population size are unknown, 
they have the same values for different loci of a species or 
for different alleles at a locus. Although, therefore, it is 
impossible to determine the selection acting on a specific 
locus or allele, it is possible, in some cases, to determine 
that there is selection on some of a group of loci or om some 
alleles at a locus. These consistency arguments, when pro- 
perly applied, have been able to show that selection is acting 
on at least some of the loci which can be studied with 
electrophoretic techniques, 
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*to distinguish the selected from the neutral loci. 















For example, if genetic drift is the 
gene frequency, each locus should be alles 
way, regardless of the breeding structure—th 
tion size, migration and inbreeding pati 

always unknown for natural populations. By sar 
several populations, it is possible to compute for ea 
an effective inbreeding coefficient, F, which is B 
when genetic drift is weak and rearly 0 when genetic 
very strong. The observed F values for different i 
then be compared to find whether they are too heteri 
to be consistent with neutral mutation theory, This 
was first suggested by Cavalli-Sforza (Proe. R. & 
362: 1966) with data from human blood group 
used by Lewontin and Krakauer (Genetics, + 
on the fly Dacus. The most complete study of - 
that of Nevo { Nature. 244, 575: 1973), who Sarep 
one loci in eleven populations of Theamomys talal 
pocket gopher), He argues that his discovery of i 
ranging between 0 and 0.8 reveals too much heteroger 
be consistent with neutral mutation theory. 

Another approach, introduced by Johnsen (Ve 
170, 1972) and analysed in detail by Johnsen and 
(Theor. pop. Biol., 4, 209, 1973) is based on the 
the distribution of h ilele frequencies at different | 
of a given number of alleles at one locus are: 
neutral, then their frequencies are not expected! toi 
too similar or dissimilar. Each locus with a given F 
of alleles is an independent trial. Johnson and Fe! 
analyse previously published data on several Dro 
species and show that the frequencies are too even ti 
consistent with the neutral mutation theory, As with the 
tributions of inbreeding coefficients, one cannot dei 
which of the alleles are selected but only that there ni 
some factors, other than mutation and genetic dri 
are affecting the gene frequencies. 

Measures of the similarity of allele frequer 
ferent geographic regions forced Bulmer to the 3 
clusion (Nature, 241, 199; 1973), 
geographically separated natural populations of D 
are too similar in genetic composition for genetic 
alone, to be acting. Maruyama and Kimura (Nature 
30; 1974) point out that Bulmer’s argument depend 
theory which assumes implicitly that there are an 
number of subpopulations and hence an infinite on 
individuals in the species. Although mathematically ¢ 
Bulmer’s application was inappropriate. Maru 
Kimura apply the theory of genetic drift in a f 
of subpopulations, first worked out by Maruyama: 
69, 377: 1972), and conclude that the data are, in 
sistent with the neutral theory. Although Maru: 
Kimura are forced to assume ‘reasonable’ values 3 
unknown parameters, they do show that, ¢ 
Bulmer’s conclusion, the existing data on geogray 
tion are not inconsistent with the neutral theory, T 
show, surprisingly, that even a very small am 
migration between subpopulations can maintain ; 
uniformity in, unselected loci over very large disiar 
the same scale as the total range of the species. T 
logical step will be,to examine geographic varia 
single species in the light of Maruyama’s theory in 
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* The recent challenges to the neutral mutation th 


cafe a maturation of populations genetics theory. 
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the previous work in the subject has been directed to what 
might happen in natural populations in different sets of 
hypothetical circumstances. The apparent goal was to show 
that Darwinian evolution could be accounted for by changes 
in gene frequencies. Much of the recent theory takes that 
for granted and is motivated by and directed to observations 
of gene frequencies in natural populations. The neutral 
mutation hypothesis of Kimura has been one focus of such 
efforts. Although the studies of Nevo and Johnson show that 
some selection must be acting, their tone indicates the extent 
to which the neutral theory has been accepted. The question 
is no longer whether all of the genetic variation is selected 
or not but what fraction is selected. The recent work has 
shown that a significant fraction is selected, but it would be 
difficult to argue that the fraction approaches one. 
From a Correspondent 


How special 
is the Universe? 


AN examination of the delicacy of advanced life forms and 
the requirement of highly special conditions for their exist- 
ence would seem to support the long-standing tradition that 
the Universe has been created in a singularly convenient 
form for the presence of intelligent life. 

It is truly remarkable that modern theoretical physics 
can make a contribution to this philosophical question. For 
example, it is sometimes pointed out how various naturally 
occurring numbers must be restricted in their values in 
order to be consistent with the existence of living matter. 
Dyson has remarked (Scient. Am., 225, 51-59: 1971) that 
an increase in the coupling constant of the strong inter- 
action by only a few percent would have resulted in a 
catastrophic synthesis of most of the hydrogen in the Uni- 
verse during the early stages of the big-bang, thereby 
depriving stable stars such as the Sun of their energy 
source, making hfe seemingly impossible. Another important 
naturally occurring number is the ratio between the 
electrical and gravitational forces between an electron and 
a proton (a staggering 10”). Strangely, this number coin- 
cides with the age of the Universe measured in atomic 
units of time. Carter has argued (unpublished work) that this 
coincidence is necessary for the existence of intelligent life, 
on the basis that the lifetime of stable stars depends on the 
first number, and that this must be somewhere near the time 
required for intelligent life to evolve, which is of course 
just equal to the present age of the Universe. Thus the 
approximate equality of the two numbers is not a coinci- 
dence, but a direct result of our own existence. 

The application of this philosophy to the initial state of 
the Universe rather than to the values of the constants of 
nature has been made by Collins and Hawking (Astrophys. 
J., 180, 317-334; 1973) who addressed themselves to ane of 
the outstanding mysteries of modern cosmology. Why, out 
of all the possible distributions of matter, are we living in 
a Universe in which this distribution is so accurately iso- 
tropic? For it is a remarkable fact that whichever direction 
we look, the 3 K background radiation has the same inten- 
sity to one part in 1,000. This fact is all the more puzzling 
when it is realised that such widely separated regions of the 
Universe cannot have even been casually connected when 
this radiation was emitted, owing to the existence of a so- 
called particle horizon across which no information can 
pass. Collins and Hawking have pointed out,*however, that 
although the Universe appears isotropic now, it need not 
always have been so. Restricting their discussion to homo- 


geneous cosmological models, they show that there is a class. 


of cosmologies which become isotropic as they expand from 
the initial big-bang. The most relevant discovery of their 
work is that the set of initial states of the Unsverse for this 
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to happen is of measure zero in the set of all possible inital! 
conditions. In layman’s language, there can be no deviation 
at all from these special initial states if the Universe is to 
become isotropic. Moreover, it is just this same class of 
cosmological models which permits the growth of galaxies 
and stars by ordinary gravitational condensation, and hence 
permits the existence of life. So Collins and Hawking con- 
jecture that man’s own existence is a consequence of the 
isotropy of the Universe (see Nature, 242, 304. 1973). 

it must not be supposed that the adoption of the philo- 
sophy that the existence of life imposes severe constraints on 
the structure of the Universe implies a ‘purpose-built’ 
world with man as the end product. Most subscribers to the 
former viewpoint prefer to conjecture that there is not just 
one single Universe, but a whole ensemble, all with widely 
varying properties. In most of these universes life would be 
impossible because the very restrictive conditions would not 
be met. But, in some like our own, intelligent life is able 
to evolve and become conscious of its surroundings--in a 
nutshell, the world we live in is the world we live in. In 
answer to the question-—where are these other universes? —- 
we have two choices. Wheeler has suggested that our own 
Universe may not continue to expand forever, but may be 
returned eventually to a very dense condition where it will 
be ‘reprocessed’ and emerge into another cycle of expan- 
sion and recontraction. These cycles are supposed to con- 
tinue indefinitely, passing through an infinite variety of 
structure and conditions with the ‘constants’ of nature, and 
perhaps even the laws of physics changing from one cycle 
to the next. Only very rarely does a cycle permit conscious 
organisms to evolve. Another possibility has been suggested 
by Everett in his interpretation of the laws of quantum 
mechanics. It is well known that quantum theory cannot 
predict precisely the outcome of any realistic experiment, 
but at best can only give the relative probabilities of the 
various possible outcomes. Conventionally, it is supposed 
that the real world selects from all the choices one parti- 
cular result at random, but Everett has developed a theory 
in which all possible quantum alternatives presented are in 
fact realised, by the entire world splitting continuously into 
a stupendous number of ‘parallel worlds’. Once again, only 
a small subset of such worlds would permit the existence of 
life. 

Curiously enough, this ‘bioselection’ philosophy is usually 
accredited to modern cosmologists such as Dicke, Carter and 
Wheeler. In fact it was also used as long ago as the last 
century by Boltzmann in an attempt to explain why the 
Universe was in such a very remarkable state, rather than 
the much more probable condition of thermodynamic 
equilibrium. Boltzmann proposed that the Universe indeed 
spent nearly all its time in equilibrium, but on exceedingly 
rare occasions produced a vast fluctuation from equilibrium. 
thereby explaining its present (unstable) condition. The 
reason why we happen to be here to observe this extra- 
ordinarily unlikely occurrence because it is itself a necessary 
precondition for life, which requires continual thermody- 
namic disequilibrium for its existence. Boltzmann's fluctua- 
tions, like Wheeler’s cycles, were supposed to occur 
repeatedly, though only after enormous durations. 

Popular though this bizarre philosophy may be, there 
exists a counter philosophy the proponents of which are no 
less distinguished. According to this latter point of view, the 
Universe is not at all a remarkable place, but the almost 
inevitable outcome of a very wide range of initial condi- 
tions. Thus, for example, it has been claimed that there are 
various dissipative effects which would be present in the 
early Universe, and have the effect of damping out any 
anisotropies which may have been present initially, thereby 
leading to the high degree of isotropy now observed. In 
particular, Misner has examined the effects of neutrino 
viscosity, and recent exciting work by Zel'dovich and 
Starobinskii in the Soviet Union has shown that the tidal 
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gravitational effects present in an initially anisotropic 
Universe would give rise to creation of particle pairs out of 
the vacuum. The back reaction of this particle production 
on the evolving Universe is such as to remove some of the 
isotropy, Whether or not processes like these can really 
explain the isotropy of the Universe is not yet known, and it 
is om any case hard to see how sufficient damping could 
work for any initial conditions. 

The most recent contribution to this fascinating debate is 
published by Bonnor in the latest Monthly Notices of the 
Royal Astronomical Society (167, 55-61: 1974), One of the 
restrictions of the Collins-Hawking result was that they 
treated only homogeneous cosmological models. on the 
supposition that any inhomogeneity would be expected to 
impede rather than assist the growth of isotropy. Bonnor 
claims, however, that this supposition may be unfounded. By 
removing the assumption of homogeneity and investigating 
the evolution of cosmological models which are initially 
inhomogeneous, he finds that under a wide range of initial 
conditions these models eventually approach both homo- 
geneity and isotropy, that ts, the Robertson-Walker type 
universes. Unfortunately. it is not clear from Bonnor’s work 
just how general this re sult i is. for his model is also restricted 
by being spherically symmetric about a privileged point in 
space, and therefore does not obey the usual cosmological 
principle. 

The significance of Bonnor’s result for the philosophical 
debate is that our present isotropic Universe may well have 
evolved from one of a wide variety of initial states of varyine 
inhomogeneity, rather than from the exactly determined 
class of Collins-Hawking models. Whatever the outcome of 
this continuing debate. it is bound to have an influence.on 
the way in which man relates himself to the Universe. 

P. C. W. Davies 


Changing views of 
the Moon’s magnetism 


Berore 1959 there was no direct way of telling whether 
the Moon possesses a magnetic field or not. But in that 
year prospects for the experimental determination of any 
possible lunar field improved markedly when Luna 2 took 
a magnetometer down to within 55 km of the Moon's 
surface. No field was actually observed, which, taking into 
account the sensitivity of the magnetometer, put an upper 
imit of 6* 10" gauss ecm? on the Moon's global magnetic 
moment—-a maximum value some four orders of magnitude 
lower than the present dipole moment of the Earth. This 
apparent lack of any significant global magnetic field 
on the Moon was confirmed a few years later by Luna 10, 
and again in 1967 by Explorer 35 which enabled the maxi- 
mum moment for a dipole aligned along the lunar axis to 
be reduced to 6 x 10° gauss cm? (Ness er al., J. geophys. Res., 
72, 5769; 1967 and 73, 3421; 1968). A more detailed analysis 
of the Explorer 35 data. carried out a little later by Behan- 
non (J. geophys. Res., 73, 7257: 1968), yielded a still lower 
value of 1x10” gauss cm’, and the most recent estimate 
of the maximum lunar dipole moment (based on Apollo 
subsatellite magnetometer results) is 6X10" gauss cm’. 

Thus for more than a decade from the first attempt 
to determine the lunar magnetic field directly, most (but 
not quite all) indications were that the Moon is magnetically 
inert—a result entirely in accord with preconceived ideas 
about the nature of magnetism in planetary bodies in general 
and about the nature of the Moon in particular. Because 
the only viable theory for the origin of the Earth’s highly 
variable magnetic field involves dynamo action in the 
molten core, it seemed natural to consider extraterrestrial 
bodies in similar terms. In other words, the absence of a 
global field on the Moon was seen as the result of the lack 





































of any dynamo process in the lunar interior, and the 
of a lunar dynamo was to be expected, partly bes 
existence of molten metallic core of appreciable s 
to be precluded and partly because the Moon's 
rotation is low. So few people were surprised at Lhe 
to detect a lunar global field. It is true that bef 
end of the 1960s some of the Explorer 35 data had a 
interpreted as indicating the existence of small s 
100 km) magnetic anomalies on the Moon, t 
the highlands. But although the presence of ane 
since been confirmed, the original interpretatic 
direct and attracted comparatively little atte 
thus historically quite correct to suggest, as Fi 
Geophys. Space Phys., 12, 23; 1974} does in his 
review of the subject, that before the Apollo pros 
the Moon was generally regarded as ‘magnetically u 
esting’. 

Against this background assumption and s 
tency. it apparently came as quite a shock to m 
physicists to discover that some of the returned ż 
samples contained stable natural remanent magi 
(NRMs) acquired before leaving the Moon-—a_ 
repeated with samples from subsequent Apolo 
Moreover, magnetometers landed on the Moon by A 
onwards recorded surface magnetic fields in mi 
from about a gamma to hundreds of gammas, and 
can be no doubt that these fields arise fram the magr 
tions of rocks in the lunar surface. Understandably 
there was again a tendency to see these new and ut 
results in terms of processes comparable to those : 
on Earth. Thus for one thing it seemed reasonal 
pose that the NRMs in at least the lunar igneor 
were thermoremanent magnetisations (TRMs} ac 
the rocks cooled through their Curie points. Sin 
time span by the magnetic lunar rocks represents at i 
several hundred million years, the implication th 
that the magnetising field must also have lasted that | 
and the field source most compatible with a long- 
existence is, of course, the dynamo. In other words 
though the Moon now has a dipole moment, if any 
ran about 10” gauss cm‘ and apparently does not 

a dynamo, for an extended period over 3.000 mi 
ago it must have acted as a dynamo giving rise to 
moment much greater than 10° gauss em”. | 

Clearly this chain of argument contains iis owi 
assumptions, the most obvious of which is that. 
early history the Moon must have possessed a mol 
with properties compatible with dynamo action. Presi 
ably the lunar interior then cooled or the Moon’s rate 
rotation decreased, or both, so that at some time durin: 
past 3,000 million years or so the dynamo ceased, Ali 
quite possible, although as Strangway and Sharpe pai 
on page 227 of this issue of Nature, as a theory it is t 
going out of fashion in favour of one involving 
which accreted cold and subsequently heated up. T 
out an early lunar dynamo, but as Runcorn 
(Science, 180, 636; 1973) noted last year, opens 
possibility, long rejected in the case of the Earth 
magnetising field derived from permanent magnet 
other words, although rocks such as the mare basalts 
still have pai their bee trae tae mea ny 

















s permanent magnetism a Pane not era y 
was presumably destroyed thermally as the Moon gradual 
heated. ‘i 

By what process and in what type of field the perm 
magnetism itself fotmed are not known. There is ne 
age of fields suitable in principle (a much stro 
field, a much stronger solar wind field, or the terre 
when the Moon wa? much closer, to the Earth, for 
although it fs difficult to see how the one which 
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magnetised the Moon can ever be 
identified. As far as the lunar mag- 
netisation process is concerned, Run- 
corn and Urey rejected TRM because 
the required sequence of temperature 
changes is difficult to envisage and re- 
jected viscous magnetisation because 
of its fundamental instability. Instead, 
they favoured depositional magnetisa- 
tion involving magnetised particles 
settling nonturbulently through the 
accreting gas sphere in the external 
magnetic field, a process consistent with 
the existence of low temperatures. In 
this issue of Nature, Strangway and 
Sharpe now investigate a fourth possi- 
bility-—isothermal magnetism acquired 
in a steady external field—in the light 
of the Moon’s thermal evolution. 
PETER J. SMITH 


s + 

Dimensions of the 
® 

possible 
David Davies 
THe “Recognition of Alien Life”, a 
symposium organised by N. W., Pirie 
(Rothamsted Experimental Station) at 
the Royal Society on May 2, could as 
well have been called the Carl Sagan 
Symposium. Sagan-—from Cornell Uni- 
versity-—jetted in to London, talked to 
the press, gave the first lecture, was 
never far from other speakers’ minds 
for the rest of the day. interjected 
wittily, moved on to lecture elsewhere 
and jetted out. And with good cause 
was he at the centre, for nobody can 
have thought more than he about life 
elsewhere. 

Ahen life may be intelligent or not; 
Sagan considered the intelligent sort. 
At present, he said, nothing is known 
about extraterrestrial intelligence, but 
the technology is now available for the 
analysis of signals from stars and the 
scanning of planetary surfaces. Critical 
experiments, in his view, are coming up 
soon. The best data with which to start 
are observations of the Earth such as, 
say, Martians could make (not that 
Sagan has much time for Martian in- 
telligence). All depends on resolution, 
as a collection of satellite photographs 
show. At I km resolution he could find 
no sign of life on Earth—except at 
Cochran, Ontario! True, cities appear 
as dirty smudges, but they show no sign 
of reworking. A useful guide is ‘depar- 
ture from thermodynamic equilibrium’ 
such as is shown by geometrisation of 
Earth features. At 100 m resolution, 
this begins to show up in, for instance, 
large field patterns. The nocturnal light 
of cities is obvious, but an observer 
would have doubts, as many large citie? 
are on waterfronts; maybe some chemi- 
cal process could generate the light. 

Eavesdroppers at stellar, distances orf 
radio emissions from Earth would be 


struck by the enormous energy density 
around metre wavelengths from radio, 


radar and television. These signals 
would be detectable at tens of light 
years and intelligent terrestrial life 
would rapidly be inferred from their 
highly ordered nature. With radio 
telescopes the range could be a thou- 
sand times greater, though given 
limited facilities, it is better, Sagan 


believes, to receive than transmit as man 
is likely to be the backward partner. 
The art of anticryptography—devising 
self evident messages for other intelli- 
gent life-—-is growing. 

C. H. Waddington (University of 
Edinburgh) also considered intelligent 
alien life in trying to pin down what 
tells human beings that an artefact is 
just that. Unless one stumbles across a 
mechanical device, it is probable that 
repetition of shapes is as good a guide 
as any to intelligence. P. H. Gregory 
(Rothamsted) stressed that in talking 
about the recognition of life at the 
microscopic level the decision is largely 
an aesthetic one: on Earth man is still 
inadequately aware of the realms of 
possibility. He proposed an atlas of 
terrestrial microscopic objects as a 
valuable step towards improving 
methodology, 

At this stage the meeting became 
philosophical as the discussion circled 
inconclusively round the question from 
the floor, “What is life?”, reminding me 
of Gluck, my neighbour of Shelley and 
Sir Peter Medawar of flogging a dead 
horse. j 

The next contribution, by J. E. Love- 
lock (University of Reading) was in 
many ways the most fascinating. What 
could astronomical observations reveal 
about the probable existence of a bio- 
sphere? Thermodynamic disequilibrium 
in the atmosphere could be a good 
guide to the existence of hfe, and on 
Earth gross departures from equili- 
brium in nitrogen, hydrogen and 
methane point to life being present, a 


conclusion which multiplex spectro- 
metry does not endorse for other 
planets. 


The remainder of the meeting was 
devoted to questions of life on Earth, 
its past record, its energy relationships 
and its evolution. I. R. Kaplan (Univer- 
sty of California, Los Angeles) 
reviewed stable isotope analysis, parti- 
cularly of hydrogen, carbon, oxygen, 
nitrogen and sulphur. Variations in 
concentration ratios by biological en- 
richment are helpful in understanding 


past terrestrial environments. This 
scheme was taken further by P. C. 
Syl¥ester-Bradley (University of 


Leifester) for the Precambrian geo- 
logical record. The origin of life is 
placed at about 4.000 million years ago 
(a review of this field appeared in 
Nature, 248, 730: 1974). J. De Ley 
(State University, Gent) discussed 








Nature Vol. 249 May 17 1974 


energy sources and storage and re- 
marked on the adenine-based nature of 
life on Earth through the dominance of 
ATP as an energy carrier. Finally, A. 
G. Cairns-Smith (University of Glas- 
gow) speculated on the role of clays as 
possible catalysts or frameworks for the 
evolution of biochemicals from in- 
organic origins. 

Medawar summed up characteristic- 
ally: “The heterogeneity of life and the 
varieties of metabolism and modes of 
behaviour are so enormous that nothing 
should surprise us about alien life. AH 
we can do is attempt to sketch out the 
dimensions of the possible”. 


Alloy glasses 
and beyond 


from a Correspondent 

AT the eighth International Thin Films 
Conference held at the University of 
Sussex from April 8 to 10 under the 
sponsorship of the Thin Films and 
Surfaces group of the Institute of 
Physics, the most noticeable feature 
was the diversity of topics discussed: 


physics have now been reproduced in 
thin film form, and for good measure 
some novel phenomena have been dis- 
covered. 

The growth in the technology of 
electron-eptical instruments continues 
to provide new and valuable aids to 
the structural investigation of thin 
films. According to M. Prutton (Uni- 
versity of York), it seems that the 
scanning Auger spectroscope may soon 
become a viable research tool, and 
already it can be used to analyse the 
composition of a 10 A-thick surface 
layer. In the scanning mode of opera- 
tion, simultaneous composition analyses 
can be obtained from a large number 
of positions on the surface of a given 
specimen. 

J. G. Wright and P. K. Leung 
(University of East Anglia) used in situ 
electron diffraction methods to observe 
thin films of amorphous Co, Fe, Mn 
and Cr prepared by evaporation under 
ultra-high vacuum onto a substrate at 
4 K. This work should provide final 
confirmation that amorphous metallic 
films are not caused simply by impuri- 
ties in vacuum systems. In a similar 
vein, B. Cantor and R. W. Cahn 
(University of Sussex) described the 
structures of highly extended solid 
solutions in binary metal alloy films. 

A large section of the conference was 
devoted to various electrical and mag- 
netic properties of thin films. C. H. 
L. Goodman (Standard Telephone 
Laboratories, Harlow) pointed out that 
previous claims that chalcogenide and 
metal oxide glasses represent the big- 
gest breakthrough since the transistor 
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are exaggerated, and he was not very 
confident of their potential usefulness 
except in relatively limited areas such 
as addressed display systems. In a 
stimulating paper, N. Boonthanom and 
M. White (Brighton Polytechnic) des- 
cribed the co-evaporation of metal/ 
polymer mixtures to form a structure 
of conducting metal islands in an in- 
sulating polymer matrix. In these films 
teh resistivity changes i seven orders 
of magnitude over a temperature range 
of only 200 K. 

The final session was concerned with 
the problems of fabricating magnetic 
bubble materials. It is a sign of the 
rate of progress in thin film physics 
that in such a recent development, the 
fundamental physics is already well 
established and the current problems 
are technological in nature. 


Nutrient supply and 
ecosystem growth 


from Peter D. Moore, 
Plant Ecology Corresponden? 
THE term ‘oceanicity’ traditionally has 
conveyed to ecologists the impression 
of a climate with a low amplitude 
fluctuation in seasonal temperature and 
a high annual precipitation. There is 
now evidence, however, that other 
aspects of maritime environments—for 
example, nutrient cycling--may be of 
equal or greater ecological importance. 
_ Nutrient elements in terrestrial eco- 
systems are cycled constantly between 
“non-living and living components. There 
are gains and losses: gaseous elements 
-are gained and lost through atmospheric 
movements; non-gaseous elements enter 
terrestrial ecosystems largely by means 
of the weathering of rock particles in 
the soil or as solutions or particulate 
fragments from the atmosphere, arriving 
as aerosol or dust. In some rather 
exceptional types of ecosystem other 
transport mechanisms may be im- 
portant, such as inwash of detritus by 
rivers or sea, or the immigration of 
animals to roost, nest or defaecate. Non- 
gaseous nutrient elements are lost from 
ecosystems largely as a result of soil 
leaching (see Bormann and Likens, 
Science, 155, 424; 1967). 

In a stable, climax ecosystem nutrient 
gains are balanced by nutrient losses, 
whereas in seral ecosystems, still de- 
veloping, gains exceed losses. The excess 
of gain over loss is normally associated 
with an increase in biomass. The final 
constraint which limits ecosystem 
development, however, is normally a 
climatic one rather than nutrient avail- 
ability, although in some climax eco- 
systems (for example, ombrotrophic 
Mires) nutrients may be limiting 
_(Firbas, Verdff. geobot. Inst. Zurich, 
<25, 177; 1952). It is possible, within the 









More muonless neutrino events 


from a Correspondent 

Last year the users of the European 
bubble chamber Gargamelle, at CERN 
Geneva, reported that they had ob- 
served neutrino interactions without 
outgoing muon tracks (Phys. Lett., 
46B, 138: 1973; see also Nature 245, 
119; 1973). The simplest explanation 
| for these events is that the weak 
interaction has a ‘neutral current’ 
component. If the effect is genuine 
then the implications are profound. 
| The existence of a neutral weak cur- 
rent makes it possible to construct 
a rigorous theory combining both 
the weak and the electromagnetic 
interactions, Such theories have been 
proposed by Weinberg (Phys. Rev., 
D5, 1412: 1972), and others. 

When the Gargamelle result was 
announced there were unofficial re- 
ports that an American group had 
seen similar events in an experiment 
at the National Accelerator Labora- 
tory (NAL) near Chicago. Now, 
after almost a year of careful check- 
ing, these data have been published 
(Benvenuti et al., Phys. Rev. Lett., 32, 
800: 1974) by a combined team from 
Harvard, University of Pennsylvania, 
Wisconsin and NAL. The groups used 
scintillation-counter and spark-cham- 
ber techniques to detect the events, 
to measure the energy of the reaction 


general climatic restrictions, that avail- 
ability of nutrients in an ecosystem 
could influence the rate at which suc- 
cession takes place and equilibrium is 
attained. 

In the light of this knowledge of 
nutrient cycling in ecosystems, it 1S 
rather surprising that nobody has yet 
attempted to measure the rates of suc- 
cessions in maritime regions where 
aerial nutrient input can be expected to 
be high and to compare these with areas 
of similar edaphic and climatic qualities 
far removed from the sea. Art, Bor- 
mann, Voigt and Woodwell (Science, 
184, 60; 1974) have now produced data 
from a maritime climax forest eco- 
system which makes such a comparison 
even more imperative. 

Fire Island, the research site, is a 
barrier island off Long Island, New 
York. It is fringed by sand dunes and 
salt marshes and contains a forest eco- 
system in the lea of mature dunes. Art 
and his colleagues have attempted to 
determine the source of incomfhg 
nutrients to this forest and, by a proctss 
of elimination, they have come to the 
conclusion that aerosols and airborne 
particles constitute most of the nutrient 
input. They consider weathering an un- 
important source of nutrients becatise 








products and to identify muon tracks. | 


at 


Their neutrinos were produced tram | 
primary proton beams of 300 and | 


400 GeV, much higher than the 30 | 
GeV energy of the CERN proton | 
beam. : 

The team saw 76 events which must | 
have been caused by neutrino mier- | 
actions, but did not have a muon | 
track: 93 neutrino events were seen | 
with an identification muon. A number — 
of different techniques have been used | 
to calculate how many muon events | 
had been wrongly identified, in | 
particular, how many muons missed | 
the muon detector. All versions of | 
this calculation fail to account 5i 
the whole of the observed signal ef] 
muonless events. About 36 genuine} 
muonless events remain, giving a | 
corected ratio of muonless events to | 
muon events of 0.23 + 0.09. 


Since this ratio is almost the same | 





as that seen by Gargamelle, even | 
though the detection technique is) 


totally different and the beam ener - 
gies are ten times larger, there can E 
now be no doubt that muonless neute | 
rino events do occur. Whether they | 
are caused by a neutral weak current | 
is not yet completely certain, but | 
other explanations are becoming Hie 
creasingly implausible. 









the remainder (magnetite, garnet: 
tourmaline) is also unlikely to - 
major source of jons. Animal i 
mainly seabird guano, are only locally 
important and are of no significance 
nin the ape area. Soe e soaking of 





aloa of the island; a eee orecipi 
tation: evaporation ratio leads to a 
downward movement of freshwater to 2 
depth of about 40 m below sea level if 
the centre of the island, thus anes mg 
salt water. There remains the if 
from airborne sources. 

Art er al. divide the airborne material 
into three types--a rain component 
(collected in tain gauges open omiy 
during rain), a dry fallout component 
(from gauges open all the time, less the 
rain component) and an impaction com 
ponent (by measuring the difference 
between above canopy and e 
canopy composition of rainfall: 
determining the excess beneath canol 










14.15 Na. 0.98 Ca; and i 911 Mi r 1 
figures compare very aey with i 
obtained in STATIONS; 
for example, the Shetland Isles (see 
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Gore, J. Ecol., 56, 483; 1968) 0.55 K; 
13.3 Na; 0.67 Ca; and 1.92 Mg and on 
the Lizard Peninsula in Cornwall 
(Malloch, J. Ecol., 60, 103; 1972) 3.8 K; 
19.8 Na; 0.9 Ca; and 2.0 Mg. 

The annual uptake of nutrients by 
the vegetation of the Fire Island forest 
was determined by measuring the 
nutrient content of the net primary 
production in midsummer. The loss of 
nutrients by litterfall and canopy leach- 
ing was found to balance this uptake 
for most elements, and it would thus 
seem that the forest is in a climax, 
equilibrium state. The limitations upon 
growth in this ecosystem seem to be 
quite complex. Increased nutrient input 
would, theoretically, result from a larger 
tree canopy (that is, greater above- 
ground-biomass) because this would 
enhance the impaction component, but 
this is made impossible by the destruc- 
tion of emergent shoots by high 
intensity, salt-laden winds. Vegetative 
proliferation is possible only by low- 
level lateral branches in the canopy and 
this seems now to have reached maxi- 
mum development; as a result a climax 
has been attained. 

In terms of biomass (17,000 g m~’) 
and net primary productivity (1,100 
g m~’) the Fire Island forest compares 
well with the figures for temperate 
forest collected by Rodin and Basilevich 
(in Functioning of Terrestrial Eco- 
systems at the Primary Production 
Level (edit. by Eckardt), Unesco, Paris, 
1968). This is despite the extreme 
nutrient poverty of the sandy substrate. 
A comparison of nutrient input figures 
from the Fire Island forest with those 
from other forest ecosystems shows that 
the meteorological input alone of 
several important elements (for example, 
K and Ca) equals the total (meteoro- 
logical plus weathering) input of these 
elements in forests further from the sea. 
Thus, if nutrient availability is arresting 
the succession, it is not surprising that 
the biomass of this ‘subclimax’ falls 
little short of that found in climatically 
limited forests. 

Finally, to return to the relation 
between nutrient availability and the 
rate of successions, it is interesting to 
note that the Fire Island forest is con- 
sidered, on the basis of radiocarbon 
dating and geological evidence (Sirkin, 
Bull. Torrey bot. Club, 94, 131: 1972), to 
be only 200-300 years old. The dune 
systems around the inland lake Michi- 
gan are considered to have taken 
thousands of years to attain a forested 
state, but there the low nutrient avail- 
ability from weathering is accompanied, 
one presumes, by a low aerial nutrient 
input. Much more data are needed 
from such inland dune systems in terfhs 
of their nutrient balance, but it seems 
that there is a strong case for supposing 
that overall nutrient avgilability is the 
factor controlling the rate of succession 


on those sand dunes. Such a knowledge 
will undoubtedly provide ammunition 
for those ecologists who consider that 
the limiting effects of nutrient supply 
upon the developmental rate of eco- 
systems is a general feature of suc- 
cessions (see Nature, 240, 443; 1972). 


Repressors at 
the molecular level 


from Stephen Neidle 

THE cluster of three genes responsible 
for lactose metabolism in Escherichia 
coli have been perhaps the most inten- 
sively studied of all bacterial chromo- 
some systems. Indeed advances in 
knowledge of this cluster, known as the 
lac operon, have often tended to be 
hailed as landmarks in molecular gene- 
tics generally. It is now some 13 years 
since Jacob and Monod first proposed 
that the control of protein synthesis in 
bacteria involves certain agents that 
can repress the relevant genes, and 
hence inhibit specific messenger RNA 
synthesis. The first of these substances 
to be isolated and characterised was the 
lactose (/ac) repressor, which is a tetra- 
meric protein of molecular weight 
150,000 (Gilbert and Miller-Hill, Proc. 
natn. Acad. Sci. U.S.A., 56, 1891; 1966). 
These workers followed this consider- 
able technical achievement by demon- 
strating convincingly that the repressor 
does indeed act on the /ac operator 
locus of a DNA molecule (ibid., 58, 
2415: 1967). 

Detailed knowledge of how repressor 
proteins turn off DNA at the molecular 
level, however, is still almost entirely 
lacking, although some interaction and 
control models have been proposed, 
notably by Sobell, Miuller-Hill and 
Gierer. The amino-acid sequence of the 
E. coli lac repressor, as well as the 
nucleotide sequence of its target on the 
chromosome, the /ac operator, have 
both been recently determined (ibid., 
70, 3576; 1973). Thus, it is not alto- 
gether unexpected that protein cry- 
stallographers have begun to take an 
interest in repressor proteins, especially 
since modern techniques can now pro- 
vide structural information about such 
large molecules. Steitz and his col- 
leagues at Yale (ibid., 71, 593; 1974) 
have succeeded in crystallising the lac 
repressor, but have obtained disap- 
pointingly small microcrystals. Al- 
though these are not large enough for 
even preliminary single-crystal studies, 
they have revealed a measure of useful 
ifformation. A combination of powder 
Xĉray diffraction data ąnd electron 
micrographs has given a good indica- 
tion of the size and possible symmetry 
of the unit celleof the protein, as well 
as that of the tetrameric unit itself. 
TRere are four of these tetramers in 
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each orthorhombic repeat, and they 
appear to be asymmetric and dumb- 
bell in shape, with a length of about 135 
A. It seems most likely that the sub- 
units of the repressor molecule are 
related by D: point-group symmetry, 
rather than the four-fold symmetry 
proposed by Sobell (ibid., 69, 2483; 
1972). 

This necessarily meagre amount of 
data has nonetheless enabled Steitz er 
al. to both reject several of the pro- 
posed repressor-DNA operator inter- 
action models, and to suggest one of 
their own. Any such model has to 
take into account the two-fold sym- 
metry regions found in the operator 
nucleotide sequence by Gilbert and 
Maxam. Rather than binding to either 
single stranded DNA or four-leaved 
cloverleaf DNA (both suggested ar- 
rangements for the operator locus), the 
new suggestion is that the dumbbell 
repressor binds in a manner such that 
its long axis and the double-helical 
polynucleotide axis are parallel. The 
arrangement is described as being 
similar to a “hotdog in a hotdog bun”, 
which analogy is perhaps clearest to 
those most familiar with the finer 
points of the American cuisine. The 
model has, however, several attractive 
features, notably that it does not con- 
travene accepted dogma regarding 
protein-substrate and protein-protein 
interaction. Also, it has two-fold sym- 
metrical binding grooves, which 
comply rather well with the operator 
sequence data. 

Until there are more detailed struc- 
tural studies of both the repressor pro- 
tein itself, and maybe even complexed 
with the lac operator fragment of the 
genome, there will doubtless be numer- 
ous more suggested models. 





SES GHG 


Steitz et al.'s enlargement of part of 

the translationally averaged election 

micrograph with, on the right, their 

interpretation of the molecular out- 

line. Each dumbbell is one repressor 

tetramer and there are four tetramers 
per unit cell. 
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Roundtable on 
neuroendocrinology 


from Barend ter Haar 


DurinG the weekend April 6-7 recent 
neuroendocrinological findings of most 
of the leading laboratories in Europe 
were discussed informally at Magdalen 
College, Oxford in an effort to establish 
the most fruitful course of future 
research, and to sow the seeds for 
greater international collaboration. The 
sessions were divided under the general 
headings of hypothalamic releasing 
hormones, secretion of the hormones of 
the posterior pituitary, monoamine sys- 
tems affecting endocrine function, 
rhythms involved in neural control of 
reproductive function and processes 
involved in sexual differentiation and 
puberty. 

It had been hoped that with the 
elucidation of the amino acid sequence 
of luteinising hormone releasing hor- 
mone (LHRH) and its subsequent 
chemical synthesis, antibodies prepared 
against this material could be used to 
identify, by immunofluorimetric tech- 
niques, the neurosecretory cells for 
LHRH in the brain. Though J. Barry 
(University of Lille) has been able to 
demonstrate a distribution of such 
"neurones: throughout certain areas of 
the anterior and medial hypothalamus 
of the guinea pig, he has as yet been 
relatively unsuccessful in other species: 
there is still much progress to be made 
in this field. It was noted with interest 
that Barry has also found labelled axons 
extending from the hypothalamus to the 
limbic system: it is now becoming more 
obvious that classical concepts of uni- 
directional flow of neuronal information 
from the limbic to the anterior hypo- 
thalamus and then to the median 
eminence have to be altered. 

To add to the complexity, M. C. 
Harris (University of Birmingham) and 
G. B. Makara (Institute for Experi- 
mental Medicine, Budapest) indicated 
that they had also found not only cells 
in the arcuate nucleus and median 
eminence with axonal terminations in 
the anterior hypothalamus, but also 
hypothalamic cells which appeared to 
project both forwards, to the para- 
ventricular nucleus, and also caudally, 
to the median eminence. Of further 
interest concerning efferents from the 
hypothalamus to other brain areas, and 
in the context of recent observations of 
effects of thyrotropin releasing hor- 
mone (TRH) on certain psychiatric dis- 
orders, were the observations presented 
by R. Dyer (University of Bristol) that 
both TRH and LHRH can modify 
electrical activity in the cerebral cortex 
in a similar way to their observations 
in the hypothalamus. 

It is clear that though radioimmuno- 


assay techniques have greatly helped to 
advance neuroendocrine knowledge, 
great care is still needed in the interpre- 
tation of results, the principal difficulty 
being that immunoreactive sites on a 
molecule do not necessarily relate to 
biologically active sites. Furthermore, 
such assay techniques are of little use 
in the detection of brief hormonal dis- 
charges such as the 2-second discharge 
of oxytocin demonstrated by D. W. 
Lincoln (University of Bristol) by means 
of transient changes in mammary 
pressure. For the release of posterior 
pituitary hormones, N. A. Thorn (Uni- 
versity of Copenhagen) suggested a 
simalar involvement of calcium in 
hormone discharge as in the mechan- 
isms of muscle contraction. 

In discussing the effect of circadian 
rhythms on reproductive function, B. K. 
Follett (University College of North 
Wales, Bangor) described how in the 
sparrow photosensitivity seems to vary 
in a circadian fashion in that a limited 
period of sensitivity occurs about 12 h 
after dawn. He has found that if light is 
present at this time reproductive activity 
is promoted so that sexual activity 
becomes linked with maximum day 
length. P. C. B. MacKinnon (University 
of Oxford) described how the circadian 
rhythm of cerebral protein metabolism 
in the rat is sexually differentiated, and 
put forward the hypothesis that the 
‘female’ rhythm is involved in the 
synchronisation of internal and external 
signals to bring about reproductive 
activity in the most suitable conditions. 

In considering the processes involved 
in the onset of puberty, F. Döcke 
(Humboldt University, Berlin) indicated 
that the limbic system is involved in 
controlling sexual development, and H. 
Moll (Erasmus University, Rotterdam) 
suggested that the search for only one 
control process may be misguided, and 
that puberty may be brought about by 
the coordinated maturation of several 
processes. 

Obviously much more was discussed 
than there 1s space here to relate. The 
organisational efforts of B. T. Donovan 
(Institute of Psychiatry, London), C. 
Kordon (INSERM, Paris), and G. P. 
van Rees (University of Leiden) in 
getting together so many authorities on 
various branches of neuroendocrinology 
were well rewarded by the informal 
exchange of ideas that was achieved. 





Correction 
IN the News and Views 
“Beyond systems ecology” (Nature, 
248, 637; 1974), the authorship of the 
two publications cited was misattrib- 
uted. The article in Proc. N.Y. Acad. 
Sci. is by R. Levins, and the book 
Stability and Complexity in Model 
Ecosystems is by R. M. May. ° 
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PossiBLE relationships 
synthesis and ți 
attracted attention for 
decade, and in recent mont 
centration of interest has beer: 
by results which may lead t ine 
definition of the components of the 
stringent system of Escherichia gall, 
Genetic characterisation of this system 
has so far led to the isolation of two 
classes of mutant. As was first shown by 
Cashel and Gallant (Nature, 224, & 2 
1969) and Cashel (J. biol. Chem., 2 
3133; 1969) relaxed (rer metant de 
not restrain ribosomal RNA s ais 
during starvation for required 
acids because (unlike the ies 
stringent cells) they cannot imi 
their levels of the ‘magic spot’ conr 
pounds ppGpp and pppGpp in response 
to the deprivation. Cells of the spotless 
(spoT~) mutant, isolated more rec 
by Laffler and Gallant (Cell, 4 
1974), cannot produce pppGrpp. : 
amino acid starvation, but overprogdiuce 
ppGpp. o 

Although it is clear that accumulation 
of ppGpp and pppGpp is respon 
for inhibiting RNA synthesis, the 
mechanism of formation and action of 
these two compounds has only more 
recently come under investigation, By 
following the abilities of re” and ref 
strains to form magic spots and respond 
to changes in growth conditions, 
Lazzarini, Cashel and Gallant (J. ioi 
Chem., 246, 4381, 1971} found thar rei” 
cells, although unable to respond to 
amino acid starvation, show the same 
response as rel cells to other changes, 
such as shifts in growth rate. The rei 
gene must therefore code for a protein 
implicated in forming ppGpp and 
pppGpp specifically in response te lack 
of amino acids, a reaction which has 
proved to be mediated by the con- 
sequent lack of ammoacy ARMA, By 
showing that the stability of pp mos 
much enhanced in sportT~ cells, f 
minger and Lazzarini (Cell, i 85i 19 
have come to the conclusion tha 
spoT gene product may be respor 
for converting ppGpp to ppf 
Clearly, many other genes may a e 
part of this system and the levels of die 
magic spots may be controlled at 
degradation as well as synthesis. 

The one sacar Suggested 


between protein 















































of protein synthesis may be Tepo g 
for formation of magic Spots nas 
récently been substantiated by the- 
of in vitro systems. Haseltine g 
(Nature, 238, 381, 1972) found | 
ribosomes from stringent cells - 
synthesise ppGpp and pppGpp in vitro 
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perform this. ‘reaction, bat. can do so 
< when extracts are supplemented with a 
‘stringent factor’ extracted from wild 
type cells. Formation of the magic spot 
compounds takes place in vitro when 
the A site of the ribosome is occupied 
by an uncharged transfer RNA; this 
evidently acts as a signal to the ribo- 
some that protein synthesis is limited 
and allows the cell to titrate its amount 
of uncharged tRNA. 

The protein responsible for respond- 
ing to the blocked A site has been 
studied by Ramagopal and Davis 
(Proc. natn. Acad. Sci. U.S.A., 71, 820; 
1974). Examining rel* ribosomes showed 
that the protein is easily extracted from 
them and so may be only loosely bound 
to the ribosome. Using an assay in 


- which protein extracted from rel’ ribo- 


somes was measured for its ability to 
stimulate the reaction in vitro of un- 
washed rel ribosomes (the lack of 
washing means that these ribosomes 


= _ possess all other necessary components), 
_. Ramagopal and Davis found that 50S 
~- subunits, 70S ribosomes of polysomes, 


and 70S ribosomes which have runoff 
polysomes all possess rel protein 
activity. The protein activity is not 
present on 30S subunits. These results 
suggest that the stringent factor is a 
ribosomal protein as such, rather than a 
factor which associates with the ribo- 
some during only part of its protein 
synthetic cycle, and is a loosely bound 
component of the 50S subunit. Since it 
is present on both free and polysomal 
70S ribosomes, these results cast no 
light on the conditions necessary for 
formation of magic spots. But they offer 
the prospect that further characteris- 
ation of the protein may alluw both its 
stringent activity and also whatever 
other functions it may have to be 
defined. 

Although both genetic analysis and 
biochemical characterisation of the 
stringent system suggest the outlines of 
its Operation, many important questions 
remain to be answered. The first class 
concerns the formation of ppGpp and 
pppGpp. Clearly, they are formed on 
the ribosome in response to inhibition 
of protein synthesis by entry of un- 
charged tRNA to the A site. Although 
the exact mechanisms of this reaction 
remain to be elucidated, the rel* protein 
seems to mediate this response. One 
discrepancy which remains to be 
resolved is that ppGpp can be formed 
in vitro from GDP and ATP, whereas 
pppGpp can be synthesised from GTP 
and ATP; but in vivo the spoT gene 
product has been implicated in con- 
verting ppGpp to pppGpp. Anothtr 
critical reaction, so far investigated 
scarcely at all, is how these components 
are formed in response, to conditions 
other than amino acid starvation— 


isolation of mu ses 
must provide an essential ‘first step in 


analysis. 

The second set of problems, which 
at the present seems more difficult to 
approach, concerns the reactions by 
which ppGpp and pppGpp mediate the 
inhibition of rRNA synthesis. One 
particularly interesting problem is why 
there are two magic spot compounds 
and what difference there may be in 
their functions. But attempts to show 
in vitro that ppGpp influences rRNA 
synthesis at the level of RNA poly- 
merase activity have not so far proved 
very satisfactory. Yet the nature of this 
general coordinating system may prove 
to throw an important new light on the 
control of transcription in bacteria. 


Control of 
3T3 cell growth 


from Brigid Hogan 


THE mouse 3T3 line—so-called because 
it was derived from embryo cells trans- 
ferred every 3 days at an inoculum of 
3 x 10-—since it was established in 
1963 has been widely used in studies of 
the control of proliferation of mam- 
malian cells in culture. As long as the 
Strict transfer regime is maintained, the 
cells consistently show distinct growth 
properties. First, they are very sensitive 
to a reduction in serum concentration 
in the medium and divide about five 
times slower in 1% than in 10% serum. 
Second, even if the cells are regularly 
replenished with 10% serum medium, 
they only grow very slowly after reach- 
ing a monolayer density of about 
5x10 cells per cm’. Finally, they will 
not grow in suspension in agar or 
methylcellulose. It is, however, weil 
established that 3T3 cells transformed 
by the oncogenic viruses SV40 or 
polyoma exhibit very different pro- 
perties; they divide rapidly in 1% 
serum, reach far higher densities and 
form colonies in agar. 

During the past few years Pollack’s 
group in Cold Spring Harbor has been 
investigating the complex interrelation 
between these three parameters and 
the way in which they are modified by 
tumour viruses, by selecting sublines of 
SV3T3 which have reverted back to 
more normal behaviour. The first lines 
were selected for a reduction in growth 
at high cell density by exposing dense 
cultures to 5-fluorodeoxyuridine for 2 
days so that cells synthesising DNA 
were killed. Clones which survived this 
trtatment had a much more ‘normal’ 
mtrphology and were thegefore called 
“flat” revertants, and reached a satura- 
tion density of pnly about 8x 10t per 


em’, although tke shutoff in division at 


this density Js not as complete as in 
normal cells. 


IS, Mo ore “recently” 









, ilar r ‘density re- 
vertants’ have been “selected by killing 
growing cells with 5- bromodeoxy- 
uridine or colchicine (Vogel ef al, J. 
cell. Physiol., 82, 181-188, 1974). When 
their other properties were tested, the 
density revertants fell into two classes; 
one which grew well in 1% serum and 
one which did not, but neither class 
would grow in agar. Using similar 
techniques Pollack’s group have also 
selected ‘serum revertants’ which do 
not grow rapidly in low serum (Vogel 
and Pollack, ibid., 189-198), these also 
show low saturation density but may 
or may not grow in suspension, Thus 
it has been possible to select variants 
of SV3T3 which have reverted in either 
of two, or in all three aspects of trans- 
formation. All classes of revertants 
have more chromosomes per cell than 
the parent, synthesise SV40 Ts antigen, 
and in some cases have been shown to 
contain intact virus genomes, so that 
their altered behaviour is likely to 
arise from a change in the expression 
of some cellular gene(s). 

Pollack’s group have not been slow 
to take advantage of the properties of 
their mutants to throw light on the role 
of cyclic AMP in the control of 3T3 
cell proliferation (Oey ef al, Proc. 
natn.. Acad. Sci, USA., 71, 694-698, 
1974). In agreement with many other 
groups they found that sparse cultures 
of 3T3 in 10% serum contain twice as 
much intracellular cyclic AMP as 
SV3T3s. In the same conditions most 
revertant lines returned to having the 
higher levels of cyclic AMP charac- 
teristic of 313s, but two retained the 
low concentration found in SV3T3s. 
These two are the only revertants able 
to form colonies in methylcellulose so 
that there may be a correlation be- 
tween low amounts of cyclic AMP and 
ability to grow in suspension. Only 
those revertants which are unable to 
grow in low serum share the property 
with 313s of rapidly and extensively 


increasing their concentrations of cyclic — 


AMP when the serum concentration is 
reduced to 1%, and density revertants 
which can grow in low serum main- 
tain the lower concentrations of cyclic 
AMP found in SV3T3s. 

Finally, Oey et al. allowed normal 
3T3s and two serum revertants to 
attain their low saturation density in 
conditions in which the 10%, serum 
medium was regularly replaced, even 
after cell growth had slowed down. In 
all three lines they failed to find an 
increase in cyclic AMP as the cells 
reached their saturation densities. 
Taken together with the other findings, 
this suggests that density restriction and 
serum restriction of growth are not 
identical phenomena, as some workers 


have postulated, but are mediated by oe 


two different, but probably inter- 


related, mechanisms. 
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Radioactivity of tobacco trichomes and 
insoluble cigarette smoke particles 


Edward A. Martell 


Airborne *!°Pb is concentrated on small Aitken par- 
ticles which accumulate on tobacco trichomes. Tobacco 
curing and the combustion of trichomes in burning 
cigarettes produce insoluble particles of high *1°Pb 
radioactivity which are inhaled and deposited in the 
bronchi of smokers. The subsequent ingrowth of *7°Po 
results in high local a irradiation which may account 
for bronchial cancer among smokers. 





Exposure to a radiation from the short-lived radon daughters, 
218P9 and #14Po, is generally considered the cause of bronchial 
cancer in uranium miners’, The presence of the a emitter 
219P9 in the bronchi of smokers in excess of *1°Po levels of 
non-smokers" thus warrants serious consideration as the 
possible agent of bronchial cancer among smokers. Both 
210Pbh and 22°Po have been observed in tobacco, in cigarette 
smoke and in smokers’ lungs*-’. 

Radford and Huntt mo out tbat volanie n com- 
an ion to a SRE a ae e a ee 
entering the bronchi. But, as Holtzman® and others pointed 
out, it is likely that the volatile compounds of ?!°Po which 
are inhaled are widely dispersed and cleared rapidly from 
their deposition sites in the lung. Little et a/2, however, found 
high local tissue concentrations of *4°Po corresponding to an 
estimated maximum dose of ~200 rem per 25 yr to the 
bronchial epithelium of lower-lobe bifurcations of cigarette 
smokers*. This can be explained by the accumulation of in- 
soluble 7!°Pb particles in the bronchial bifurcations. The 
219Pb activity of insoluble smoke particles is sufficiently high 
to give rise to a doses much one than 200 rem per 25 yr 
in regions of high particle concentration. 


Ph on tobacco trichomes 


Reports on the origin and distribution of 2°Pb and 7!°Po 
in tobacco plants are contradictory. Tso et al.®, conclude 
that the principal mechanism involves uptake into roots from 
soils and fertilisers, whereas Francis et a/.1° suggest. deposition 
in rainfall. The properties and distribution of trichomes 
(hairs) on tobacco leaf surfaces!)12, however, suggest that 
they are effective collectors of small Aitken particles by 
means of diffusive deposition. Most commercial varieties of 
tobacco have 300 to 900 trichomes em? on each side of 

mature leaves. The distribution of trichomes on cured tobacco 
is illustrated in Fig. 1. About 85% of tobacco trichomes have 
glandular heads, coated with a sticky exudate mixture of 
organic compounds. Because of the hydrophobic nature of 
this exudate it is unlikely that even soluble, ionic substances 
are washed off by precipitation. Thus, trichomes may retain 
© the small atmospheric particles which are deposited on their 
glandular heads throughout the period of plant growth. 

The thick distribution of trichomes maintains a stagnant 
air layer over the leaf surface with only the glandular heads 
of trichomes protruding. For the low air flow rates in the 
vicinity of trichome heads, the only effective mechanism 
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for aifborne particle capture is likely to be diffusive 
osition due to Brownian motion of the particles 
efficiency of this process vanes inversely with par 
and flow rate and thus may result in the selec : 
position of particles of ~0.1 um diameter and smaller, Rad 
daughters in air are concentrated on small Aitken pas 
cles#8.14, Impactor measurements (my unpublished results 
for radon daughter aerosol properties, with H. E Moar 

S. E. Poet) show that ~90% of airborne 2%°Pb resides gi 
n <0.3 um diameter at concentrations between 2 
and 104 pCi g?. The #*Pb concentration increases 
edly with decreasing particle size't, Thus Browman ea Ë 
should give rise to high #1*Pb concentrations on tovatco 
trichomes. 

Preliminary measurements of *2°Pb on cured to 
leaves by analysis of surface particles removed by — 
and by sonic cleaning, showed 74°Pb concentration: 
surfaces up to 30 times that of the bulk leaf p 
Microscopy showed that trichomes were only a m 
stituent of this surface debris. Subsequently, 2,000 ; 
were removed from North Carolina flue-cured toba CEG g 
assayed for 21°Po by a a ess pesos sa 






























0.6) x 10-8 pCi per Ueo Turkis " RN a 
tucky burley snowes le and ean as much ae 










a and Peiention ‘of tens af ieee of "ith ft 
particles on individual trichomes, presumably on the exudate- 
coated glandular heads. 

ae SolubU ny of ude trichomes ee pai tobseen ‘ 


nae heads ra nae tobacco ® seem to e. ing laei in et F, 
acetone and other common organic solvents as well as m 
concentrated HCl, HNO, and HCI-HNO, mixtures. This re 
sult is attributed to the polymerisation of exudate compounds 
during the curing period. 

The trichomes and their glandular heads have an open, 
cellular structure of very low density. These properties are 
illustrated by the collapse of trichomes when subject 
high vacuum, #!°Pb activity on trichomes is probably ‘1s 
associated with the exudate coatings of trichome heads. 
a smoker draws on a burning cigarette, the trichames on the 
tobacco fibre surfaces are subjected to temperatures from 
650° C to more than 800° C18, The pyrolysis of glandular 
heads of trichomes at these high temperatures should vield 
smoke particles with specific activities of **°Pb whieh an 
proach or exceed an estimated 10° pCi g>. 









Pb in smoke particles 


Published aachen data for inhaled mainstream smoke 
show an average 7!°Po content of ~0.036 pCi per e 
or ~2.6 pCi 210 Po per g smoke!’, with a 74°Pb:9!°Po ra 
‘).66 + 0.238. The smokers’ intake of 72°Po and Pha 
several days is equivalent to the observed excess burden of 
3-18 pCi of 234Pb and 21°Po in smoRers’ lungs*-’. Thus most af 





Hicks 


tobacco, 
variety, bottom surface, showing trichome and stomata 
distribution (leaf section 550 um X 835 um). 


Fic. 1 Microphotograph of flue-cured 


the 22°Pb and 22°Po deposited in the smoker's lung must be 
cleared rapidly. 

There is no published evidence about the physical and 
chemical properties of the **°Pb content of insoluble smoke 
particles which may persist in the lung. To investigate this 
question, I used samples of whole condensate, prepared by 
standard techniques and procedures!*, University of Ken- 
tuecky 1R1 reference cigarettes (a non-filtered cigarette of 
standard US blended mixture) and Players cigarettes (all 
flue-cured tobacco) and large whole smoke condensate samples 
of each, were used. 

Condensate samples were heated to drive off volatile con- 
stituents. The #2°Po was volatilised almost completely at 
temperatures between 600° C and 650° C, whereas all the 
21°Pb remained in the residue, indicating that *2°Po is in- 
haled in volatile form and *2°Pb is associated with the par- 
ticulate fraction of mainstream smoke. 

Preliminary radiochemical results for 1R1 tobacco showed 
that the *2°Pb content was 0.40 pCi per g dry tobacco, 
0.81 pCi per g of dry whole smoke condensate, and 130 
pCi per g of the non-volatile residue after slow distillation 
of the volatiles up to 650° C, Similarly, for Players tobacco 
*1°Pb contents were 0.48 pCi per g dry tobacco, 1.46 pCi per 
g dry whole smoke condensate, and 52 pCi per g of non- 
volatile residue after distillation of condensate up to 600° C. 
The condensate residue was largely water souble, and most 
of the **°Pb was associated with the insoluBle fraction, at 
a concentration of ~1 X 10* pCi per g bf residue. Preliminary 
microscopic examination of the non-volatile, water-insoluble, 
residue of the condensate revealed small irregular particles 
resembling combustion products, witha maximum diameter 
of ~4 um. Successive extractions of the residue with dilute 
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and concentrated HCl and HNO, resulted in the incomplete 
solution of the particles and their °Pb content. After acid 
extraction, translucent orange particles with the appearance 
of cured trichome heads were prominent in the residue. 

Thus *1°Pb is highly enriched in the insoluble particulate 
fraction of inhaled mainstream smoke. Presumably the 
volatile smoke constituents are dispersed widely and re- 
moved rapidly from lung surfaces. Water-soluble constituents 
also will be quickly removed from their sites of deposition. 
The insoluble particles will be further fractionated during 
deposition and clearance, depending on their physical proper- 
ties and solubility in lung fluid, The preliminary results in- 
dicate that the type of insoluble smoke particles that will 
persist and accumulate in the bronchi of smokers is between 
~10* pCi per g, the activity of water-insoluble smoke 
particles, and ~10° pCi per g, the estimated activity of 
pyrolysed trichome heads. 


Bronchial epithelium dose estimates 


Based on the measured concentrations of *2°Po in epithelial 
samples, Little and Radford estimated a maximum dose of 
~200 rem per 25 yr to lower-lobe bifurcations*. Holtzman’s® 
questions regarding this estimate are answered by the pres- 
ence of *!°Pb in insoluble particles of high specifie activity. 
The insoluble particles should, at least in part, persist suf- 
ficiently long to allow ingrowth of the *?°Po daughter activity. 
This possibility can be assessed by analysis of 22°Pb and 22°Po 
in small bronchial bifureation specimens from deceased 
cigarette smokers. 

For a single insoluble particle with 3 x 10® pCi 2°Pb 
(the average for North Carolina flue-cured tobacco tri- 
chomes) and a **°Po:72°Pb ratio of 0.8 (corresponding to 
particle residence time of 10° d in the bronchi) the @ radiation 
dose to cells within the a range (~6 cell diameters) would 
be about 0.5 rad or 5 rem per year. However, it has been 
reported®® that the pulmonary accumulation of insoluble 
dust particles involves a sequestering tissue reaction which 
results in high local dust concentrations in plaques or nodules. 
The cumulative @ radiation dose to lung cells exposed con- 
tinuously to high concentrations or clusters of insoluble smoke 
particles will substantially exceed the estimated maximum 
of 200 rem per 25 yr based on *?°Po tissue measurements’, 
“Po and 74°Pb measurements of small bronchial epithelium 
tissue specimens from deceased smokers, as well as a 
autoradiography of thin tissue sections, will be needed to 
assess the actual æ dose distribution, 

The presence of insoluble particles of high specifie *2°Pb 
activity in mainstream cigarette smoke should lead to their 
accumulation in the bronchi of smokers with residence times 
sufficient to allow ingrowth of the **°Po daughter radio- 
activity. This sequence of events must explain the high local 
concentrations of #2°Po observed? in the bronchial epithe- 
lium bifureations of smokers which indicate a maximum a 
dose of some 200 rem per 25 yr’, High concentrations or 
clusters of these insoluble smoke particles may give rise to a 
much higher dose in small volumes of tissue. 

A significant excess incidence of lung cancer has been ob- 
served in all groups of uranium miners exposed to more 
than 120 working level months (WLM) of radon daughter 
exposure*®, The corresponding a radiation dose, about 0.5 
to 1.0 rad per WLM”, is 60 to 120 rad, or 600 to 1,200 
rem. Correspondingly high æ radiation doses in smokers seem 
to be restricted to relatively small volumes of tissue, thereby 
suggesting a reduced risk of carcinogenesis. The results for 
internal emitters reported by Cember®?, however, indicate 
that the risk for a given cumulative radiation dose may 
increase significantly at lower dose rates and longer periods 
of exposure, suggesting a higher risk for smokers. 

Asbestos workers who smoke cigarettes have a very much 


-higher incidence of bronchial cancers than cigarette smokers*®, 
-whereas no excess incidence of bronchi -eancers was observed 
_ for asbestos workers who do not smoke. It was also reported?4 
that insoluble dust accumulations in the bronchi contribute 
to lymphatic stagnation and thus to a farger accumulation of 
metabolic products. On this basis it is. possible that the 
higher bronchial cancer risk among estos workers who 
are smokers may be due to the aceumulation of a larger 
burden of insoluble 22°Pb smoke particles. 

The case for insoluble a emitting particles as the primary 
agent of bronchial cancer among sm ykers is reinforced by 
other lines of evidence. The carcinogenicity of the chemical 
carcinogens in cigarette smoke has net been demonstrated 
for the low concentrations which occur in smoke. Insoluble 
radioactive particles rather than volatile constituents of smoke 
would seem to be the more logical agent for excess cancers 
in smokers on the basis of the enhaneed cancer risk among 

. smokers who inhale deeply and smoke unfiltered cigarettes, 
the slow decrease in the residual risk with time following 

cessation of cigarette smoking, and the occurrence of excess 

cancers in other organs of the respiratory and gastrointestinal 

tracts of smokers®®. Additionally the specifie a radioactivity of 
insoluble smoke particles approaches that of ThO, which was 
widely used as a contrast medium in human ra diography 
and gave rise to carcinomas of the liver and other soft tissues 
without involvement of chemical carcimegens*®. 

Thus, it seems that « radiation from "Po in insoluble 
smoke particles may be the primary agent of bronchial cancer 
in smokers. If so, a significant risk of eaneer can be attributed 
to chronie exposure to low levels of insoluble a emitting 
particles which give rise to whole organ burdens of only a 
few pCi of a activity, but involve very high concentrations 

|... locally in small volumes of tissue. 

= I thank 8. E. Poet for measurements of **°Pb and *1°Po 
and Art Fong and John Gardner for eollecting tobacco tri- 
chomes. I also thank Ashok Taori who directed my at- 
tention to the nature and distribution of tobacco trichomes. 
Tobaeco and condensed smoke samples were supplied by 
John Benner and J. H. Smiley of the University of Ken- 
tucky and J. A. Weybrew of the University of North Caro- 
lina. 
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these sites biochemically have shown that, im viro, stron 
complexes form between Æ. coli RNA polymerase and. 
sites on Lact, T723, A* and fd5* DNA. It seemed [nse 
these strong binding sites for RNA polymerase w 
genetically defined promoter sites, although there ` 
direct evidenc® The first such evidence came from ` 
servation by Maniatis et al.7 that polymerase be 
tects the early leftward promoter. (pu) m A 
gleavage by the endonucleases prepared from 
influenzae. We report here results that confirm and 
these data. > : : 

The E. coli*RNA polymerase recognises many promi 
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Fic. 1 Polymerase protection of Hind cleavage sites in 
` DNA. RNA polymerase and AcI8578S7 DNA were pre- 
pared as described previously'+. AcI85787 DNA (10 yg) 
in 250 ul (final volume) of 66 mM _ Tris-Hcl, pH 7.5, 
6.6 mM Meg(CH;,COO).:, 6.6 mM fs-mercaptoethanol was 
incubated at 37° C for 40 min with various amounts of 
polymerase: (a) no addition; (b) 5 wg (molar ratio of 
enzyme to DNA, 30:1); (c) 10ag; (d) 12.5 wg; and (e) 
50 wg. A 5 wl sample of the Hind endonucleases? was 
added to each sample, and incubation was continued at 
37° C for 12 h. The reaction mixture was chilled to 4° C 
and extracted with phenol, previously saturated with 10 
mM Tris-HCl, pH 8.0, 1 mM EDTA, and the aqueous 
phase was precipitated with two volumes of ethanol at 
—20° C. The samples were submitted to polyacrylamide 
gel electrophoresis, and the bands were stained with 
methylene blue as described previously!*. Fragments con- 
taining DNA sequences from the promoter sites Pr, Pr, 
and pr’ are shown by the solid arrows. The dashed arrows 
point to fused fragments, which arise as a consequence of 
the protection of Hind cleavage sites by RNA polymerase. 
The fused fragments include the indicated promoter sites, 
and their sizes are expressed in base pairs, as described 
previously!?. 


in bacterial and phage DNAs, and there is evidence that it 
also transcribes in vitro the DNA from mammalian viruses 
such as SV40° and adenovirus-2°. A priori, these facts suggest 
that either:(1) the various promoters share a nucleotide 
sequence specifically recognised by the Æ. coli RNA poly- 
merase or (2) the promoters vary in primary structure but 
display, in their secondary or tertiary structures, similarities 
which give them a specific affinity for the polymerase. 

Our results suggest that several promoters, recognised by 
the E. coli RNA polymerase, are identical in at least part of 
their nucleotide sequence. Such promoters are found not only 
in the phage genomes but also in the DNA of two mam- 
malian viruses, SV40 and adenovirus-2. These conclusions are 
based on the observation that the specific binding of the Æ. 
coli RNA polymerase protects these promoterg from cleavage 
by an endonuclease prepared from Haemophélus influenzae. 

The restriction endonuclease of H. influenzas Rd contains 
at least two activities, Hind II and Hind III, separable by 
phosphocellulose?® or DEAE chromatography and each re, 
cognising two hexanucleotide sequences? It is not known, how- 
ever, whether Hind II and Hind III each contain but a single 
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enzyme of dual specificity or whether the fractions Hind II 
and Hind III themselves contain two or more different en- 
zymes, Furthermore, H. parainfluenzae contains a restriction 
endonuclease, Hpa I, believed to recognise one of the two 
sequences recognised by the enzyme Hind II, as judged by 
its action on SV40 DNA?®1!_ This assumption is strengthened 
by our observation that digestion of 4 DNA with the com- 
bination Hind II/Hind ITI in the presence or absence of Hpa 
I leads to an identical pattern of cleavage products'?. Smith 
and Wilcox found that the Hind endonucleases recognise two 
palindromes of six bases on T7 DNA?**. Because purified 
Hind III does not cleave T7 DNA (our unpublished result) 
these palindromes represent the nucleotide sequences recog- 
nised by Hind II, which are GTTAAC and GTCGAC, dif- 
fering only at the two internal bases. It is not known which 
sequence is recognised by Hpa I. 

We showed earlier that in A DNA the early promoters py 
and pr and the late promoter px’ are cleaved by the Hind 
endonucleases, because the specific binding of E. coli RNA 
polymerase resulted in the fusion of pairs of fragments which 
flank these sites. In addition, for two mutants with altered 
Pı, 8exl and sex3, cleavage of the promoter was abolished even 
in the absence of polymerase. However, a mutant with a 
defect in Pr, 213, did not abolish the corresponding Hind 
cleavage site in the absence of polymerase. We therefore 
concluded that the Hind sextuplet was only part of the 
nucleotide sequence responsible for polymerase recognition. 
Finally, it was suggested that pr, pe, and pp’ contain one 
of the two sequences recognised by Hind II, that sequence 
which is not cleaved by Hpa I. 

When increasing amounts of RNA polymerase were added 
to A DNA the protection from Hind cleavage proceeded in 
the order pr, pr, Pr’ (Fig. 1). Protection by polymerase still 
occurred in the presence of ATP or the mixture ATP-GTP 


‘{ Fig. 2), when the enzyme was believed to form an initiation 


complex at the promoter site. This supports the view that 
the strong binding sites for polymerase described here coin- 
cide with, or at least overlap, the promoter sites. It does not 
agree with the suggestion?’ that the RNA polymerase binds 
far from the initiation site of transcription, By contrast, 
if all four triphosphates were included in the reaction mixture, 
the protection was abolished, presumably because the poly- 
merase moves away from the promoter site as it transcribes 
the DNA. The RNA synthesised was heterogeneous in size, 
and superimposes a diffuse pattern in the lower part of the 
gel (Fig. 2). In our experiments, the triphosphates were added 
after the formation of the polymerase-promoter complexes. 
If rifampicin, an inhibitor of polymerase binding to the 
first purine nucleoside triphosphate’®, was added together 
with the triphosphates, the pattern of pretection by poly- 
merase was not altered (Fig. 2). 

Other promoter sites in A DNA™ (for example, in b2 and 
in the O-P region, or p. and p.’ that control transcription of 
gene cl) failed to protect a Hind cleavage site by binding of 
FE. coli RNA polymerase. This raises the possibilities that 
either (1) these promoters bind the polymerase but do not 
contain the nucleotide sequence recognised by Hind, or (2) 
these promoters include a Hind II sextuplet but binding of 
polymerase is not detected in the test situation used. These 
possibilities have not been investigated. 

Promoter sites including a Hind sextuplet were also de- 
tected in T7 DNA. Figure 3 shows that when T7 DNA was 
preincubated with increasing amounts of E. coli RNA poly- 
merage (enzyme:DNA molar ratios from 30 to 250), four 
sites were successively protected from cleavage by the Hind 
endonucleases. Under the same conditions, but with Hpa I 
replacing the Hind endonucleases, two sites were protected, 
but only at the higher polymerase: DNA ratios. The protec- 
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Fic, 2 Effect of ribonucleoside triphosphates on the 
polymerase protection. \¢I85787 DNA (10 ag) was in- 
cubated with RNA polymerase (20 ag) under the con- 
ditions shown in the legend to Fig. 1. (Sample (a) is a 
control without polymerase.) Then various combinations 
of ribonucleoside triphosphates were added as follows: 
(a and b) no addition; (c) 60 we of ATP; (d) 60 ug 
each of ATP and GTP; (e) 60 ag each of ATP, GTP, 
CTP, and UTP; (f) 60 ag each of ATP and GTP. and 
2 we of rifampicin; (h) 60 ag each of ATP, GTP, CTP, 
and UTP, and 2 ag of rifampicin. After incubation at 
37° C for 10 min, 5 al of the Hind endonucleases was 
added to each sample and incubation was continued at 
37° C for 12 h, Extraction with phenol and analysis by 
olyacrylamide gel electrophoresis were as described in 
ig. 1. Fragments containing DNA sequences from the 
promoter sites pr, pr, and pr’ are shown by the solid 
arrows, The dashed arrows point to fused fragments, which 
arise as a consequence of the protection of Hind cleavage 
sites by RNA polymerase. 


tion resulted in the appearance of two bands (Fig. 3) missing 
when preincubation with polymerase was omitted. It seems 
therefore that in T7 DNA two strong promoters contain the 
sequence found in pr, Pa and Py’ in A DNA, that is, the 
sequence recognised by Hind II but not by Hpa I. Two 
weaker promoters were cleaved by Hpa I and differed from 
the other two. However, because the sextuplets recognised 
by Hind II differ only by two internal base pairs, as noted 
above, the promoter sites cleaved by Hind II alone, or cleaved 
by both Hind II and Hpa I, are closely related in at least 
part of their nucleotide sequence. 

The DNAs from two mammalian viruses, simian virus 40 
(SV40) and adenovirus-2 (Ad2) stimulate in vitro trans- 
scription by the Æ. coli RNA polymerase*. Interestingly, in 
each of these viral DNAs, binding of the Æ. coli polymerase 
prevented cleavage by Hind at one site. In SV40 DNA the 
Hind cleavage site between fragments B and G (Fig. 5A) was 
protected, at position 18% on the standard map (Fig. 4). In 
fact, this site was cleaved by Hpa I, and polymerase binding 
protected one site from cleavage by this endonuclease (Fig. 
5A). It seems therefore that a promoter for E. coli polymerase 
in SV40 was cleaved by Hpa I, as were two promoters in T7 
DNA. Dhar et al.” have shown that in vitro transcription 
of SV40 DNA is initiated in this region of the SV40 genome 
and proceeds anticlockwise through the G fragment, Their 
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data show that the G fragment, which is about 350 base pairs 
long, is cleaved by the restriction endonuclease RII into two 
fragments, The smaller of these represents approximately 
one-third of the Hind G fragment, that is, 120 base pairs, 
and contains the first sequences transcribed. Extensive se- 
quence analysis of this transcript’? revealed that the recogni- 
tion site for the RIT endonuclease occurs at position 115 from 
the start of the transcript. This implies that the promoter 
is extremely close to the Hind recognition site and also elose 
to the start of transcription, in agreement with the results 
obtained for A DNA (Fig, 2). Figure 5B shows that Ad2 
DNA also contains a Hind cleavage site that can be protected 
by E. coli RNA polymerase. The protection was not observed 
with Hpa I. It is tempting therefore to speculate that this 
site is a promoter for Æ. coli RNA polymerase in vitro, of 
the same type as the A and T7 promoters. An estimate of its 
location in Ad2 DNA can be deduced from the cleavage pat- 
tern of the hybrid Ad2-SV40 (Ad2* ND1) DNA. Ad? NDI 
derives from Ad2 by two alterations in the viral DNA. (1) 
A portion of Ad2 DNA has been deleted between the positions 
14.0% and 19.4%, measured from one end of the DNA 
molecule!*, (2) Instead, a portion of SV40 DNA has been 
inserted, covering the region between 11% and 28% of the 
standard SV40 map. Interestingly, Ad2° ND1 contained the 
Hpa I cleavage site between SV40 DNA fragments B and G, 
and Fig. 5C shows that two fragments, missing from Ad2 
DNA, were fused in the hybrid as a consequence of the poly- 
merase protection. However, the polymerase failed to pro- 
tect any other Hind cleavage site in the hybrid. Thus it ean 
be deduced that the polymerase binding site that was de- 
tected in Ad2 DNA must be in the part of the molecule 
that is deleted in the hybrid, that is, somewhere between map 
positions 14.0% and 19.4%. 


A) Hind M/I 


Fic. 3 Polymerase protection of Hind and Hpa I cleavage 


sites in T7 DNA. T7 DNA (8 yg) was incubated with 
varving amounts of RNA ai as shown in the 
legend to Fig. 1. (a) no addition; (b) 5 ag; (c) 125 ag, 
and (d) 40 wg. Then 5 wl of the Hind endonucleases (x 
or 10 al of purified Hpa I (gift of J. Sambrook’?) (B) 
was added and the incubation was continued at 37° C 
for 12 h. The samples were prepared and analysed as 
described in, Fig. 1. The dashed arrows point to fused 
fragments wee arise from the protection of cleavage 
sites. The letters in parentheses indicate whether the 
fused fragments cofitain a weak (w) or a strong (s) pro- 
moter site, as judged by the amount of polymerase n 

to detect their appearance. The solid arrows point to 
fragments which progressively Giappone when increasing 
amounts of polyme are testęd. The sizes of the frag- 

meRts are expressed in base pairs (Fig. 1). 
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Fic. 4 Physical map of fragments in SV40 DNA. The 
map was adapted from Danna ef al!° The arrows outside 
the circle indicate the sites of cleavage by the Hind 
endonucleases, and the resulting fragments are designated 
by letters (A to K)?°, The sites of cleavage by Eco RI, 
Hpa I, and the site of cleavage by RII within the Hind 
fragment, G are indicated by arrows inside the circle. 


Our results support the conclusion that a class of pro- 
moters for E. coli RNA polymerase shares identical nu- 
cleotide sequences, at least those contained in the specific 
sextuplets recognised by Hind II. The strongest evidence 
that a part of the Hind sextuplets actually belongs to the 
promoter sites comes from the fact that two mutations that 
altered a genetically defined promoter in A DNA, sexl and 
sex3, also altered the nucleotide sequence recognised by 
Hind II. Clearly, sequences outside these sextuplets are 
also involved in specifying promoter sites, because only a 
small proportion of the Hind II cleavage sites can bind 
polymerase. The lengths of these additional sequences are 
unknown, but they presumably could not exceed the 47 to 
52 base pairs protected from pancreatic DNase digestion 
when Æ. coli polymerase binds to promoters*. To what ex- 
tent the promoter sites described here are homogeneous in 
their DNA sequences outside the Hind II sextuplets has 
yet to be determined. 

It must be noted that, for A and T7 DNAs at least, the 
number of RNA polymerase molecules (30-250) needed to 
protect Hind cleavage sites exceeded by far the number 
of promoters or strong binding sites (7-10) reported in 
these DNAs:5219, This indicates that either (1) only a 
fraction of the molecules in the polymerase preparation could 
bind DNA; or (2) the experiments were performed under 
conditions of kinetic control and reflect differences in the 
rate of complex formation; or (3) the experiments were 
performed under conditions of thermodynamic control, 
equilibrium was attained, and the differences reflect dif- 
ferential affinities; or (4) several polymerases were bound 
at single sites. In the latter case, however, the multiple 
polymerase molecules would probably not have been arrayed 
linearly, because polymerase binding to promoter sites only 
protects stretches of 47-52 nucleotide base pairs from diges- 
tion by pancreatic DNase’, Experiments are*in progress to 
decide among these possibilities. ? 

As we pointed out earlier, several pfromoter sites are not 
identified by polymerase protection of a Hind II site. Such, 
promoters may not contain any of the Hinf II sextupletse 
Alternatively, they may jnclude one &f them but not kind 
the polymerase to a detectable extent under the conditions 
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Fic. 5 Polymerase protection of sites cleaved by Hind 
II/II and Hpa I endonucleases in SV40, Ad2, and Ad2* 
ND1 DNAs. SV40 (A), Ad2 (B), and Ad2* ND1 (C) 
DNAs (10 wg) were incubated in the presence (a) or 
absence (b) of E. coli RNA polymerase (20 ug) at 37° C 
for 40 min as described in the legend to Fig. 1. Then 
5 wl of Hind II/II was added and the incubation was 
continued at 37° C for 12 h. Subsequent extraction and 
analysis were performed as described in the legend to 
Fig. 1. In the case of samples subsequently digested 
with Hpa I (10 ul), 5 we of each DNA was used with 
20 „g of polymerase. The solid arrows indicate fragments 
that are present when polymerase is omitted from the 
reaction mixture. The dashed arrows indicate fused frag- 
ments arising as a result of polymerase protection. The 
sizes of the fragments are expressed in base pairs. In the 
Hind II/II pattern of SV40, the positions of fragments 
B and G (Fig. 4) are indicated. 











ed. The first hypothesis was verified in one case at least, 
that of the wild type promoter for the Jac operon. This 
conclusion arose from the mapping data of the Hind II-III 
fragments generated from Jac DNA in the well characterised 
Aplacé DNA* (in collaboration with P. Tiollais, unpub- 
ished data). The mapping data indicate that there is no 
Hind cleavage site within the first 500 base pairs in the 
fac DNA, which, im this insertion, extends from the promoter 
(p) through the operator (o) to the end of the gene for 
B-galactosidase (2). This is a clear indication that p is 
not cleaved. Thus it seems that the promoter sites analysed 
in this report represent a subset only of the promoters 
recognised by Æ, coli RNA polymerase. 

The fact that we could identify a strong promoter site 
for the Æ. coli polymerase in the DNAs from two mammalian 
viruses, SV40 and Ad2, is intriguing. Clearly, a random 
base distribution would not be likely to generate a sequence 
of this presumed complexity in DNA molecules as small as 
26 million daltons (Ad2) or 3 million daltons (SV40). Thus 
it is tempting to believe that these sequences are of bio- 
logical importance for SV40 and Ad2, In SV40 DNA, the 
early RNA molecules are synthesised in vivo from a pro- 
moter located at a site widely distant from the promoter 
site recognised by the F. coli polymerase. It seems there- 
fore that in the early stage of the viral development the 
mammalian polymerase does not recognise the same pro- 
moter site as is recognised by the E. coli enzyme. Whether 
the mammalian enzyme recognises this site at some later 
stage is unknown. It would be of particular interest to carry 
out similar experiments with the mammalian polymerase. 

Since this report was submitted for publication, Drs 
S. Weissman and K. Murray, who independently communi- 
cated this result to us, have shown that Hpa I recognises 
the sequence GTTAAC. This means that the sequence 
GTCGAC is associated with the strong binding sites for 
E. coh RNA polymerase, and the sequence GTTAAC is as- 
sociated with the weaker binding sites. Furthermore, from 
the recent sequence analysis communicated by Dr Weissman 
it is now known that the starting site for transcription in 
fragment G of SV40 is located 29 base pairs from the Hpa I 
sextuplets which delimits fragments B and G. 


Promoters are in the operators in phage lambda 
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E. coli RNA polymerase binds to a specific site within 
each à operator. This DNA site is recognised by three 
proteins: RNA polymerase, the x phage repressor, and 
a restriction endonuclease (Hin). 
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EacH of the two operators in bacteriophage A, O, and On, 
consists of catenated, nonidentical repressor binding sites?-3 
(Fig. 1). At each operator, repressor first binds to a terminal 
site, and subsequent molecules add in the direction Sbposite 
to that of transcription of the adjacent controlled operons. 
Moreover, although the two operators are not identical, each 
contains, between the first and second repressor binding sites, 
the same short sequence that is cut by a restriction endo- 
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nuclease (Hin) isolated from Haemophilus influen: 
show here that both operators contain a specific bine 
for RNA polymerase (promoter). This operater~p 
site includes the restriction endonuclease target, and w 
clude that repressor, RNA polymerase, and Hin t 
shared DNA sequences. A preliminary account of 3 
experiments was presented elsewhere’. Experiments 8 
to some of thgse recorded here and in ref, 3 are also + 
in the accompanying article by Allet et als 


e Promoter mutations in the operators 


ad . a i 4: ` stig? 
A mutation has bees described, called seri” that. 
transcriptionen vive and in vitro bf the operon contr 





Fic. 1 Schematic representation of the A operators and 
adjacent genes. The wavy arrows show the direction of 
transcription of the repressor-controlled genes N and tof. 
Two arrows indicate the order of repressor binding from 
the first sites (S, and S,’) in Osn and Or. The Hin cutting 
sites in On and Og are indicated along with the number 
of base pairs within the operators on either side of cach Hin 
cut. The repressor gene is c/. 


O,°7. We have shown? by RNA polymerase-DNA binding 
experiments that sexl decreases the affinity of a DNA frag- 
ment bearing the leftward promoter, Pa, for RNA poly- 
merase, and we concluded therefore that the mutation is in 
that promoter. We now wish to ask, where is serl, and hence 
the promoter, located in relation to O,? 

The experiment of Fig. 2 shows that seal is located within 
O., in the sequence recognised by Hin. We compared a Hin 
digest of whole A wild-type DNA with that of Aseri DNA 
(a and b). The figure shows that the fragments designated 
Hin 320 and Hin 1125, generated from à wild-type DNA, 
are replaced by a larger fragment about 1,450 base pairs 
long in the digest of Asex1 DNA. This is the only difference 
in the two gel patterns. To show that this difference is at- 
tributable to the sexl mutation itself, and not to some ir- 
relevant difference between A wild-type and Asexl DNA, 
we isolated revertants with wild-type plaque morphology 
from Asezl, as described in the legend to Fig. 2. The figure 
(c and d) shows Hin digests of examples of the two classes 
of revertants recovered. In one (d) the original Hin cutting 
site is restored, and in the other this site remains defective. 
(Three out of five revertants tested, not necessarily repre- 
senting independent back mutations, lack the original Hin 
site.) We have shown previously?" that the junetion between 
Hin 320 and Hin 1125 is the Hin cutting site in O.. We 
conclude, therefore, that the sexl mutation alters the se- 
quence of the O, Hin site. Allet and Solem? have reported, 
and we have confirmed (unpublished), that sex3, an inde- 
pendently derived leftward promoter mutation (personal 
communication from M. Gottesman), also alters the Oh 
Hin site. 

We have also found that DNA bearing a rightward pro- 
moter mutation, 73°, lacks the Ox Hin site (not shown), in 
formal analogy to the alteration of the O, Hin site by sez. 
Although we have not studied x* revertants, this finding is 
consistent with other evidence, presented below, that the 
rightward promoter includes the Or Hin site. (It should 
be noted that not all so-called x mutations alter the Or Hin 
site; 213, for example, located to the right of 23°, does not 
affect this site’. As suggested by Ordal and Kaiser’, who 
presented evidence for interpenetration of operator and pro- 
moter at Or, the mutation 213 may block rightward tran- 
scription by action distal to the promoter.) 


Binding of RNA polymerase to Hinssites 


The experiment of Fig. 3 shows that RNA polymerase binds 
with special avidity to the two Hin sites located in O. and 
Or. To perform this experiment we digested whole 82P-labelled” 
A DNA with Hin in the presence of varying amounts of RNA 
polymerase. Most of the Hin cutting sites were unaffected 
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by the presence of polymerase, but at the lowest ratios of 
polymerase to DNA used two sites were specifically pro- 
tected. These two sites are those previously mapped in O, 
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Fic. 2 Hin digestion patterns of DNA from A, Aserl and 
two Asex* revertants of Asexl. DNA isolated from each 
phage (100 ag) was digested with Hin as described in ref. 
3 except that no additional carrier DNA was added. Hin 
was isolated from the exonuclease-free strain Rd com™! 
(ref. 13) as described in ref. 3. The digested DNA was 
fractionated by electrophoresis in a 35% TBE gel’, and 
visualised by staining with 0.05% methylene blue. Sex* 
revertants of A\c/S857sex1S7 were isolated by picking large 
plaques on an sulll* strain, which is permissive for the 
groyth of S7 phages. An sw“ strain was then lysogenised 
separately with these revertants, and high titre stocks were 
prepared by thermal induction. a, \ Wild type; b, A\sexl1; 
c, \sex* revertant lacking the Os Hin site; d. sext revertant 
bearing a restored On Hin site. The labels in the figure 
give the number of base pairs in the indicated fragments, 
as determined in ref, 3. 
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fic, 3 Autoradiogram of à DNA digested with Hin in the 
presence of various amounts of RNA polymerase. 3 ug of 
$2P-labelled àA DNA (about 10° c.p.m. ag!) was incubated 
with RNA polymerase for 5 min at 37°C in a solution con- 
taining 50 mM KCl, 8 mM MgCl, 20 mM Tris, pH 8.0, 
0.1 mM DTT, 5% DMSO and 0.1 mM eath rATP and 
rGTP. Then 50 ul of Hin buffer? was added with Hin. and 
the mixture was incubated for another 60 min at 37°C. After 
phenol extraction the products were examined as in Fig. 
2. a, No RNA polymerase (RNP); b, 15 we RNP: ec, 3 
ug RNP; d, 45 pe RNP; e, 6 ug RNP; f, 75 we RNP. 


and Or. Thus Hin 320 and Hin 1125, the junction of which 
is in On, were replaced by a larger fragment, and, similarly, 
Hin 375 and Hin 550, the junction of which is in Ox?, were 
replaced by a larger fragment. Figure 3 also shows that at 
ratios of RNA polymerase to DNA higher than that required 
to protect the Hin sites in O, and Ox, two additional sites 
were protected. Allet and Solem? suggest a location for one 
of these additional sites, but the location of the fourth site 
is as yet unknown. 

The RNA polymerase protection of the O, Hin site in whole 
A DNA is consistent with data presented elsewhere show- 
ing a similar effect of polymerase on Hin digestion of a DNA 
fragment bearing an intact O.*. However, the protection of 
the O, Hin site, also observed in the experiment of Fig. 3, 
contradicts our earlier unexplained failure to observe pro- 
tection of that site when the experiment was performed with 
a specific fragment bearing an intact On. In recent experi- 
ments with this fragment we have observed protection of 
the Hin site in Oy, at ratios of polymerase to DNA com- 
parable with those used in the experiments of Fig. 3 (un- 
published), 


Relationship of promoter to operator 


The results of our experiments show that at both O, and 
Ox, repressor and RNA polymerase recognise in common a 


Diiis — k> g 


rT Wo = — 7 


223 


specifie DNA base sequence which includes a Hin restriction 
endonuclease cutting site. Since the Hin site occupies a cor- 
responding position in each operator, the relationship of 
promoter to operator is apparently the same at O, and Oy. 
These findings confirm a specifie mechanism of repression 
at the A operators: repressor bound to the operator prevents 
binding of RNA polymerase to the promoter. It is a re- 
markable fact that mutations in the operators can affeet RNA 
polymerase binding without, apparently?®, affecting repres- 
sor binding. 

Our results also require a reconsideration of the hypoth- 
esis of RNA polymerase ‘drift™! between promoter and 
transcription start point. From the following facts we de- 
duce that the O, Hin site (and hence the RNA polymerase 
binding site) is within 30-50 base pairs of the start point 
of transeription of gene N. First, there are 30 base pairs 
between the O, Hin site and the left terminus of OŁ, and 
second, the left terminus of O, is within 20 base pairs of the 
start point of transcription®. Our deduction is proved dì- 
rectly by DNA sequence analysis which reveals that 33 
base pairs separate the O, Hin site from the start point 
of transcription (Maniatis et al., in preparation). We do 
not yet know precisely how many bases on each side of the 
Hin cutting site are covered by bound RNA polymerase, 
but. since DNA-bound RNA polymerase covers about 40 base 
pairs!?, it is possible that polymerase bound at the O. Hin 
site extends to the transcription start point. In any case 
it is clear that RNA polymerase ‘drift’, if it oceurs at all, 
is certainly over a much shorter distance than the 100-300 
base pairs previously estimated™, 

We thank Allan Maxam for RNA polymerase, David Fried- 
man and Louis Reichardt for phage strains and Debbie Gernes 
and Andrea Jeffrey for technical assistance. This work was 
supported by a grant from the US National Science Founda- 
tion, 


Note added in proof: A slightly modified interpretation 
of our findings, which we cannot vet exclude, is that RNA 
polymerase binds adjacent to (that is within a few bases of) 
the Hin site rather than directly over it. This seenario would 
require a more complicated explanation of the effects of the 
see mutation than the one we have suggested. 
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Clonal cell lines from the rat central nervous system 
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Five neuronal and a large collection of putative glial 
cell lines from the rat central nervous system have 
been established in clonal cell culture and partially 
characterised. These cells shed new light on the dis- 
tribution of neurotransmitter synthesis and brain- 
specific antigens among nerve and glia. 





ALTHOUGH the C1300 mouse neuroblastoma’? has been useful 
for studies of the differentiation and trophic interactions of 
nerve cells, many more neuronal cell lines will be required 
before generalisations can be made about the behaviour of 
these cells in culture and maximum use made of the clonal 
culture system. This also applies to the glia and other satellite 
cells, whose role in the metabolism and physiology of nervous 
tissue is poorly understood; only a few clonal cell lines of 
glial origin have been described**. 

To establish defined cell lines from the central nervous 
svstem (CNS), cells must first be adapted to permanent 
culture and cloned; at present neoplasms are. the only 
efficient source of dividing cells for this purpose. The estab- 
lished clones must then be sorted into cell types, for ex- 
ample, neurones must be distinguished from glia, and, among 
the glial cells, astrocytes from oligodendrocytes. We describe 
here an attempt to establish and characterise several clonal 
cell lines from the rat CNS. Of approximately 120 cell lines 
isolated from independently arising tumours so far, some 
properties of 22 clones from independently arising tumours 
are described. 


Establishment of cell lines 


Neoplasms were induced transplacentally with nitrosoethy- 
lurea (NEU)®, BDIX rats were injected 15 d after conception 
with 4.0 mg of NEU per 100 g body weight, which reduced 
the litter size by 50%. Between 4 and 10 months after birth, 
approximately half the offspring had symptoms of extreme 
nervous system disorders and were examined for tumours, 
In 93% of the animals, tumours were found in the CNS; the 
others had tumours in other areas. Excised tumours were 
minced finely in modified Eagle’s medium containing 20% 
foetal calf serum’, cells (including pieces of tissue) were di- 
luted and 1 x10*1 x 10° cells were plated on Falcon 60 
mm tissue culture dishes. Each dish was examined periodically 
for cell proliferation, and as areas of extensive growth were 
found, cells were isolated by cloning rings and transferred 
to another dish. Since the initial explants contained cells of 
widely different morphologies, the most complex cell types 
were selected. When these cells reached confluency, they 
were either cloned or passaged for further study. Only one 
clonal cell line was initially obtained from each tumour. Of 
the fourteen cell lines examined, all were near diploid. 


Excitability and morphology 


Mammalian nerve or muscle can be djstinguished from glia® 
and most other cells, asethe former have electrically €x- 
citable membranes*. To assay for membrane excitability, 





cells were impaled with a microelectrode as described else- 
where®, When penetration was achieved, defined as a stable 
resting potential greater than —30mV, the cells were 
monitored for electrical excitability by anode-break stimula- 
tion. Table 1 shows that at least five of the cell lines (B35, 
B50, B65, B103 and B104) could produce a regenerative 
action potential. Cells were scored as negative if there was 
no evidence of a regenerative response after at least twenty 
penetrations with resting potentials greater than —30mV. 
Negative data, however, can be false due to technical diffi- 
culties’®. Although electrical excitability indicates that a 
minimum of five of the cell lines are of neuronal or muscle 
origin, on the basis of other evidence discussed later, it is 
unlikely that any are of muscle origin. 

In some nerve and muscle cells the presence of acetyl- 
choline (ACh) receptors is correlated with electrical ex- 
eitability, and the binding of **°I-a@-neurotoxin can be used 
to detect these receptors. Using established techniques”, 
the number of curare-protectable a-neurotoxin-binding sites 
was determined in several cell lines (Table 1). Of the twelve 
new lines examined, three cell lines with excitable membranes 
have detectable ACh receptors. Clones of the C1300 neuro- 
blastoma and the L6 myoblast line also bind toxin, while 
3T3 fibroblasts do not. 

After cloning, the cells could be classified into six mor- 
phological groups (Table 1 and Fig. 1). Four of the five 
neuronal lines—B35, B50, B65 and B103—fall into a class 
with clones of C1300 neuroblastoma (group 2); they all 
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Fic. 1 Phase contrast photomicrographs of representative 

cell lines. The bar in each photograph represents 50 um. 

a, B6 (group 1); b, B35 (group 2); c, B103 (group 2); 
d, B111 (group 3); e, B25 (group 5); f, B12 (group 6). 
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TABLE 1 





Coal 


Exeitable a-Neuro- 


Characteristics of cell lines 





Line Group membrane toxin O-Serum DBcAMP ChA TH GAD GABA AChE BChE 
IV = ~~ = 16 sl <1 = 45 
I a — ++ 31 6.3 16 j 16 
Ul | wa cis Sec 30 | | 4.1 
VI | 2 haf 15 <20 13 1,200 880 1.4 
VI ait — F 12 hs 2.1 540 380 1.4 2.0 
I Be <1 +-+ 4i <20 1.5 100 60 1.7 
I as m 4 5o 19 5l i5 34 
VI | <i a E a 36 7 <20 5.6 1.200 860 1.4 2.8 
V — + 
i i + 33 540 320 as 4.7 
II 4. <i se ie 40 <2 330 ro 100 60 ae 0.7 
IV = < = + <4 <2 <20 1,200 830 1.4 g 2 
II + < +4 +4 <4 7 1,350 30 2300 1,800 1.3 1.8 
I i + <4 38 38 l 2.3 
H -F 5.4 Eua PF 25" 50 1,200 S4 130 90 l4 13 
H = Zl — TASE 24 Il <20 1.1 310 280 il 1.8 
Y <i z n ale 388 10 <20 1.4 70 7O i 
Il ~ <1 — ++ <4 6 2.1 5,300 4,300 1.2 3.0 
H -+ 7.9 -+ -+ + +--+ + 33 <2 1,180 29 270 130 2.1 2.2 
I “+ R2 + ff. -+++ rei 6 <20 6.3 160 50 3.2 $2 
VI — <] — as Bh <4 22 <20 3.4 : 3 l 0.7 
HI — — <4 8 <20 290 190 1 2.6 
II 4 5 ++ + 15 4.2 1,100 15 76 1.4 
H = i 400 9.4 
IV a 400 — _ 10 <2 <20 <0.1 12 3 2.4 4.9 

500 450 6,000 aa 

IV <I = 4 <4 <2 <20 <0.1 17 3 Suk Ls <3 


With noted exceptions, stationary phase cells from passages 5 to 10 
phologies as described in the text. The amount of S100 and 14-3-2 is 
Bovine antigens were used in both cases; these cross react extensivel y 


) with the respective rat proteins (H. Herschman, pe 
tion). The enzyme-specific activities are expressed as follows: esterase, using either acetylthiocholine or butyry!thioc! 















gs 


after cloning were assayed for enzyme activities, proteins 
expressed as ng specific protein per 100 ng of tot i soluble 





AA4.2per min per mg protein ; choline acetyltransferase, pmol ACh formed per min per mg protein; tyrosine hydroxylase, pmol #C 


per 20 min per mg protein; glutamic acid decarboxylase, pmol "HCO, released per 20 min per mg protein inhibitable i 
oxyacetic acid. The neurotransmitter products were identified chromatographically. GABA assays were done on tr 
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soluble cell supernatants using an amino acid analyser with expanded resolution (D.S. and W.C., in preparation). The results a 


as residues of GABA per 1,000 residues of free amino acids. The effects of serum-free medium and 1 mM dibutyryl eyele A 
morphology were assayed on exponentially dividing cells and range from no change (—) to the greatest change (+--+ +); an effec 
than (+) is considerable. The percentage hydroxyproline is expressed as the percentage of proline found in secreted protein, which i 
xylated (see ref. 33 for discussion and assay procedures). The binding of #°J-a-neutrotoxin is expressed in 107 mol toxin bound 
protein. The morphological groups indicate the general morphologies of the cells (see Fig. 1 and text). Electric excitability is 
positive if regenerative action potentials are observed, and negative if there was no evidence for this event in at least 20 cells exan 
resting potentials more negative than —30mV. CLA and S20 were clones of the C1300 mouse neuroblastoma! :**, L6 was a clonal: 
blast line**, 3T3 was a fibroblast cell line, and P3 an immunoglobulin-secreting plasmacytoma. O-serium, the effect of serum-fre 
cell morphology; DBcAMP, the effect of dibutyryl cyclic AMP on cell morphology; ChA, choline acetyltransferase activi 
hydroxylase activity; GAD, glutamie acid decarboxylase activity; GABA, residues of GABA per 1000 residues of free mitra 
acids; AChE, esterase activity using acetylthiocholine as substrate; BChE, esterase activity using butyryithiocholine as suk 





a, 











BChE, the numerical ratio of the two esterase activities; % HP, percentage of the total secreted proline found as 4-hydroxypreline: 


and 14-3-2, concentrations of these proteins in cell lysates. 
* Exponentially growing cells. 


+ All assays were done in fused, multinucleate myotubes, except for the effects of dibutyryl eyclic AMP and O-serum medium on eel) 


morphology. Myoblasts are of group 4 morphology. 


grow loosely associated with the surface of the culture dish 
and have relatively spherical, phase-bright cell bodies. A 
fifth neuronal cell line, B104, has a group 1 morphology, 
with very long, thin and usually bipolar cells. The other 
groups consist of cells with short, highly branched processes 
(group 6), extremely large flat cells (group 5), cells which 
are large and flat during the exponential phase of growth, 
but which branch profusely in the stationary phase (group 
3), and the fibroblast-like cell ( group 4). Whenever more 
than one cellular morphology was observed during the growth 
cycle, stationary phase cells were the most complex. This 
resembles the situation with C1300 neuroblastoma, where 
under normal conditions cells with long neurites are rare 
except in stationary phase cultures?-29, 

The C1300 neuroblastoma characteristically responds to 
the removal of serum and the. presence of dibutyryl 
adenosine 3’,5’-monophosphate (dibutyryl eyclie AMP) by 
rapidly extending neurites!?-1*, Although dibutyryl® cyclic 
AMP induces morphological transformations in most cells, 
the effect of serum-free medium on the mouse neuroblastoma 
seems to be specific. If this response is restricted to cultured 
nerve cells, only nerve lines should respond to the removal 


of serum with similar morphological transformations. Ta 
1 shows that this was the case. Thus the morphologi 
response to low serum concentrations seems to distingy 
neuronal from non-neuronal cells in this system, As expect 
from work on the mouse neuroblastoma and primary eile 
tures of nervous tissue’, all the neuronal and most of the 
other cell lines were transformed morphologically in the 
presence of dibutyryl cyclic AMP (Table 1). A mere de 
tailed account of these changes will be presented elsewhere. 








Neurotransmitter synthesis 


Another distinction between the classes of cells in the 
nervous system is provided by the enzymes involved in 
neurotransmitter metabolism. The activities of choline 
acetyltransferase, tyrosine hydroxylase, glutamic acid de- 
carboxylase, and both acetyl and butyrylcholine esterase 
were measured in stationary phase cultures as detailed elge- 
































. Bô, ‘B19 ad Bid4 ha la 
demonstrating true acetylcholine | esterase, no cell dines — 
proached the activities of C1300 neuroblastoma clones. 

Choline acetyltransferase is also widely distributed among 

the cell lines. It has been suggested, on the basis of indirect 

evidence, that glia synthesise acetylcholine?®; the data in 

Table 1 indicate that some of the non-neuronal cell lines in 
<c our collection have the requisite enzyme. Amino-oxyacetic- 
~~ acid-inhibitable glutamic acid decarboxylase activity was re- 
~ stricted to the neuronal cell lines, while y-aminobutyrie acid 
© (GABA) was found in all of the putative nerve and glial 

hnes. Although there was no strong correlation between 

glutamic acid decarboxylase activity and the ability of the 

cells to retain GABA, these data again suggest that glial 

cells can synthesise neurotransmitters. Tyrosine hydroxylase 

was found in B65 and at least two of the non-neuronal cell 

lines. With the exception of choline acetyltransferase activity 

in B65, the data indicate the enzyme specific activities for 
stationary phase cells only. These activities and the con- 
-centrations of the putative neurotransmitters vary as a 
~ function of the growth cycle (B. K., H. T., D. S., manu- 
= seript in preparation). 

As Table 1 shows, several neuronal cell lines contain more 
than one neurotransmitter synthetic enzyme. For example, 
B65 contains choline acetyltransferase, tyrosine hydroxylase 
and glutamic acid decarboxylase activities; B35 and B103 
both. contain choline acetyltransferase and glutamic acid 
decarboxylase activities. Although it is generally assumed 
that an individual nerve cell makes but one transmitter, the 
evidence for this is not complete. In particular, it is not 
known if the newly formed nerve cell can synthesise a 
spectrum of neurotransmitters before it becomes functionally 
coupled with another cell. Possibly the shift toward pre- 
dominantly one transmitter is a result of this type of cell-cell 
interaction, an event not documented in these clonal cul- 
tures, Finally, it should be pemted out that the specific 
activities of the enzymes involved in neurotransmitter 
metabolism in the cell lines are lower than those observed 
in vivo (Table 1). Since transmitter enzymes may be con- 
centrated at functional nerve endings, and their levels regu- 
lated by trophic interactions between cells, the relatively 
low activities presented here may again reflect a lack of 
such interactions in these cultures. 











Proteins unique to the nervous system 


Of several proteins which seem to be localised in the 
nervous system, S100 and 14-3-2 are thought to be associated 
with gla and nerve, respectively?*2*, in spite of excep- 
tions?*~*6_ Since stationary phase cells exhibited the greatest 
morphological complexity seen during the growth cycle, they 
were used for the quantitation of these proteins. (It should 
be pointed out, however, that the intracellular concentrations 
of some enzymes and other proteins depend on the stage 
of the growth cycle both in these and in other cell lines??-28.) 
To assay for S100 and 14-3-2, cells were homogenised and 
the soluble cell fraction was assayed by an indirect. radio- 
immune procedure using iodinated antigen and antisera 
prepared against the pure antigen®*, Assays were routinely 
linearly sensitive between 1 ng and 100 ng for S100 and 
between 10 ng and 1000 ng for 14-3-2. (Concentrations of 
14-32 and $100 in whole brain determined by this procedure 
were similar to those reported using other procedures??:31,) 
Table 1 indicates that these proteins are not uniquely 
associated with either neuronal or non-neufonal cells. Al- 
though all the neuronal lines contain detectalte 14-3-2, both 
proteins seem to be distributed independently among the 
remaining lines. Cells with undetectable levels of both pro-, 
teins may not be of nerve or glial origin, an observation come 
patible with the fibroblast-like morfhology of most gell 
lines in this group. T hese cells, which repr@sent approxi- 


ap- 


the induced. amen have not (with the 


‘exceptions of B1 and B56) been included in Table 1. How- 


ever, cells which contain S100 or 14-3-2 and are not elec- 
trically excitable are of probable glial origin?*-2*, and the 
presence of either protein cannot distinguish nerve from ghia, 
Finally, all the cell lines of Table 1 were screened for neuro- 
physin by the methods described for S100 and 14-3-2: none 
was found. 

Some of the cell lines were also screened for secreted 
hydroxyproline, a marker for collagen®?, Cells were labelled 
with C-proline and the secreted protein assayed for 4- 
hydroxyproline**, Table 1 shows ne all the cell lines ex- 
amined secreted hydroxyproline. Although there was no 
absolute correlation with cell groups, these data suggest 
that more nerve-like group 2 cell lines secrete relatively 
less hydroxyproline-containing protein than the other mor- 
phological groups. This may explain the characteristic loose 
adhesion of the group 2 cells to the culture dish, 


Conclusions from these data 


We have drawn the following conclusions from our data. 
(1) Neoplasms of both neuronal and glial origin can be 
induced by established procedures in BDIX rats, and the 
resultant cells can be adapted to clonal cell culture. (2) At 
least 4% of our neoplasms yielded permanent nerve cell lines. 
(3) Nerve and glial cells ean apparently be distinguished 
in cell culture on the basis of the effect of serum-free medium 
on cell morphology. All nerve and most glial cells undergo 
morphological changes in the presence of dibutyryl cyclic 
AMP, but only the nerve cells extend processes in the 
absence of serum. (4) Detectable glutamie acid decarboxylase 
activity is restricted to nerve lines, while low levels of GABA 
are also found in glial lines. Choline acetvitransferase and 
tyrosine hydroxylase activities are found in both nerve and 
glial cells. These results suggest that glia can synthesise 
neurotransmitters. (5) Some clonal nerve cell lines contain 
the enzymatic activities required to synthesise more than 
one neurotransmitter. (6) The nervous system proteins 
5100 and 14-8-2 are found in various combinations in both 
nerve and glial cell lines. All nerve cells contain detectable 
14-3-2 while not all putative ghal cells contain detect- 
able S100. 

Neuronal and non-neuronal lines can be distinguished on 
the basis of membrane excitability and neurotransmitter 
synthesis, but the sorting of non-neuronal lines has been 
difficult. On the basis of S100 and 14-3-2 protein synthesis, 
it can be argued that most of the cell lines presented in 
Table 1 are of either nerve or glial origin. It has been 
ROSIDI: howev er, to group the putative p ai on any 

Pesos. all the cell ‘lines in Table 1 eave Goth inde- 
pendently arising CNS tumours, they have greater functional 
diversity than is possible using one neoplasm. For example, 
clones of C1300 neuroblastoma have many different prop- 
erties** but probably the original tumour was derived from 
a single cell, and the various stem cells resulted from later 
mutation and chromosome rearrangement?®. In contrast, the 
rat nerve cell lines are not far removed from the original 
neoplastic cell, their karyotype approaches normal, and the 
clonal lines seem stable. Funetional diversity and genetic 
stability are required if clonal lines are to be used with 
maximum effectiveness in the study of the mechanisms 
underlying the function of the mammalian nervous system. 
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One model of the thermal history of the Moon (see ref, 1—6) 
which has gained wide acceptance, involves a Moon which 
accreted cold but which was heated from the outside during 
the final stages of accretion. This would have given rise to a 
molten shell very early on in lunar history, and formed the 
crust which is indicated by seismic studies’*. The interior 
of the Moon, however, would have been cool during its early 
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papers accounting for the magnetic field of the Moon sugge 
an initially hot Moon in which an iron core formed. AHNT 
moment of inertia constraints require that the core is 
such a core would at least behave as a magnetohydrodyr 
fluid even at the present slow rotation rates®. There a are, 
ever, many difficulties'! and here we consider whethe 
hot outside, cold inside Moon, which evolved in 
cold outside, hot inside Moon, could quantitativ 
for the evidence of an ancient magnetic field. 





Origin of early magnetisation 
If the Moon accreted cold then any metallic iron which was 
present may have acquired a remanent magnetisation from any = 
of several mechanisms, provided there was an ambient field. | 
We consider a mechanism in which the Moon was magnetised 
by an external steady field, thus acquiring isothermal rem 
magnetisation¢IRM). If the Moon were uniformly magne 
it would need to have had a dipole moment of about 10°% gau 
cm? to give an ancient surface field of 2,000 gamma (7) whic 
„typical of several palaeointensity studies, although a mii 
* higher value has been reported!**!*, This is well above the pr 
sent value of less tham 10% gauss cm? (ref. 17). We have mea. 
sured the IRM of iron-bearing, igrleous rocks from the Moon, 
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Fig. 1 Initial temperature distributions for an accreting 
Moon. The modified version permits the bulk of the Moon 
to remain below the Curie point of iron until 3.2 x 10° yr 
ago. a, Mizutani: b, modified: c, solidus. 


which best represent the magnetic behaviour of rocks at depth 
These samples generally have a high proportion of multidomain 
(coarse) iron and readily acquire a soft IRM in a weak field. 
On the other hand, the soils are rich in superparamagnetic 
(~300A) iron, and the breccias range from superparamagnetic, 
unwelded samples, to multidomain, highly recrystallised 
samples. Typically, surface igneous rocks, which contain 
about 0.05 weight °% metallic iron, acquire an IRM of about 
3 x 10° e.m.u. g>% in a 10 oersted field'!*. By extrapolation, 
similar material with about 3% by weight of iron would 
acquire an IRM of about 2 x 10° e.m.u. g`% in a field of 10 
oersted, giving the required dipole moment. Large variations 
in the distribution of iron in the Moon, both laterally and 
vertically, could give rise to significant local variations in the 
field; perhaps accounting in part for the diversity of palaeo- 
intensity determinations. 


Table 1 Parameter values used for lunar thermal models'-®?8 


Heat Decay 
Mass ratios generation constant 
Model Th/U K/U Source (x 317 erg (x 3.17 x 
g`? sł) 10724 sł) 
Chondritic 4.15 80,000 U8 2.97 1.54 
Terrestrial 3.84 10,000 U» 18.0 9.71 
Lunar 4.00 2,000 Th»? 0,82 0.499 
Kao 0.94 5,5 





Heat capacity, ep = 10 erg g ° C, heat of fusion, Af = 4.0 x 10° 
erg g?; density, p = 3.34 g cm; index of refraction, nw = 1,7: 
opacity, e = 100 cmt; Stefan-Boltzmann constant, s = 5.669 x 10° 
erg cm"? K s 


Two questions need to be answered. First, what is the origin 
of the magnetising field? Second, once the Meon had become 
magnetised by an isothermal process could the memory have 
been retained until the termination of+igneous activity about 
3.2 x 10° yr ago. There is no definitive answer to the first 
question, because there are no clear records of planetary 
fields predating those frozen into the lanar rocks. It is, pow- 
ever, possible to speculaté either that such fields existed early 





ch he ‘Earth’ s gdgname a was ‘much 
In either case a field of the order of 
isted, at least momentarily, some time 


core to ‘the poir ; 
stronger than at pr 
10 oersted needs to hi 
after the bulk of the Moon had accreted. 

The question of the time decay of IRM is hard to answer but 
extrapolation of the ¢ decay rate of IRM acquired in the labora- 
tory in multidomain, si ee rocks shows that the decay 
coefficient is very small?°. 



















Models of lunar evolution 

A successful evolutionary model which will permit the Moon to 
retain an IRM long enough to provide a magnetic field in which 
the mare basalts would cool must also satisfy the following 
constraints. 

(i) Early melting of the near surface regions, so that a crust 
may form by differentiation. 

(ii) At least local: m elting i in the near surface region between 
3.2 and 4.0 x 10° yr ago, so as to provide a source for the mare 
basalts*?. 3 

(iii) Cessation of this near surface melting no later than 
3.2 x 10° yr ago because, first, there seems to have been no 
igneous activity after. thi 













is time, and, second, the outer portion 
of the Moon must have cooled sufficiently to support the 
mascons which formed probably no later than this date. 





Surface 





Radius (km) 


Present 


Fig. 2 Graph of radius against time showing the regions 
of partial melting and those regions which have temperatures 
below the Curie point of iron. For this model, the present- 
day surface heat flow is 23 erg cm~? s~! 


(iv) Much of the volume of the Moon must have been below 
770° C (the Curie peint) until 3.2 x 10° yr ago so as not to 
remove the magnetising field. 

(v) A present day partially (or totally) molten core with a 
radius not exceeding 850 km, as suggested by seismic data’ and 
predicted by Gast and Giuli*. 

(vi) The present day heat flow should lie in the range 20-30 
erg cm“? s“! to be consistent with the Apollo 15 and 17 results. © 

In addition we have assumed that the Moon was of uniform 
composition at the time of accretion. We recognise this as an 
ad hoc assumption but chose to retain this simplicity until the 
model required otherwise. The basic initial temperature model 
(Fig. la) comes from’ Mizutani®* and is close to his ‘most likely’ 
model, with N= 10°" gem and C=3 m s, where N, is the 
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cloud concentration and C is the most probable particle 
speed. for accretion. Using this particular model, the outer 
-150 km would be molten at the end of accretion and thus the 
Moon could have differentiated to give the present day crust. 

The thermal history of the Moon was calculated using 
numerical methods but the analytical method was restricted to 
conduction solutions. The calculation is inherently nonlinear, 
because of the inclusion of a radiative term dependent upon 
temperature in the thermal conductivity. Details of the 
calculations will be published elsewhere. 

The thermal conductivity used was K + (16n%s/3e)T? where 
K is the lattice conductivity, T is the temperature and e the 
opacity (other terms are defined in Table 1). The parameters 
K and e are known from laboratory experiments to depend on 
temperature but in the range encountered in the models used 
here this is only a small effect*®. The value of K was allowed 
to range from 0.1 x 10° to 10 x 10° erg cms ° C~, The 
parameters used for n and e are given in Table 1. 

Radioactive abundance ratios characteristic of lunar 
terrestrial and chondritic materials were used (Table 1). 
Our model does not account for any ratio changing upon 
fractionation. The values of uranium concentration were 
allowed to vary from 0.5 x 10°? g g? to 10x 10-° g g~. 

The calculations accounted for partial melting, total melting, 
differentiation of heat sources, resolidification and remelting, 
and convection of heat in fluid zones. The melting point 
criterion was that. of Ringwood and Essene”’. 

The Mizutani version (Fig. 1a) produced a Moon which 
was well above the Curie temperature for most of its history. 
We therefore arbitrarily reduced the interior temperature until 
suitable models could be found (Fig. 15). This model implies 
that the outer part of the Moon accreted somewhat more 
rapidly, and/or the inner part more slowly than is implied by 
Mizutani’s model. Alternatively it means that the initial 
temperature was less than 0° C. 

The models which satisfied the constraints were almost 
unique in the choice of conductivity and uranium concentra- 
tion. This is because of the conflicting requirements that the 
interior of the Moon remain cold enough not to destroy its 
IRM during approximately the first 10° yr, but that it should 
heat up rapidly enough during the next 3 x 10° yr so as to 
produce a partially molten interior out to the present radius 
of ~850 km. Only a very delicate balance between the thermal 
conductivity and uranium concentration could satisfy both 
constraints under the general assumption of an initially chemi- 
cally and physically uniform Moon. If we relax the constraint 
of an early cold Moon, most of which is below the Curie point, 
until about 3.2 x 10° yr ago, models which satisfy the remain- 
ing five constraints can be produced. The uranium concentration 
is about 50 parts in 10°, the thermal conductivity about 9 x 10° 
-ergcem™!s° C7 and the heat flow value about 22 erg cm? s7, 

The thermal conductivities tend to be slightly higher than 
typical experimental values for representative lunar analogues?®. 
The uranium abundances are, however, very close to the 
average values commonly quoted for terrestrial, chondritic and 
lunar materialist“, Finally, the indicated heat flow values all 
fall within the range of values determined by the lunar heat 
flow experiments**. Figure 2 illustrates that most of the Moon 
must remain below 770° C until about 3.2 x 10° yr ago. 

We may now construct a sequence of events for the magnetic 
history of the Moon (Fig. 3). Initially the Moon was mag- 
netised by a field of the order of 10 oersted when most of 
it was below the Curie point. The differentiation of the crust 
then occurred, concentrating a crust rich in anorthosite. 
Next, soils and breccia flows were formed primarily as a result 
of impacts and/or volcanic activity which enriched them in 
-metallic iron, At or about the same time the mare basdits were 

formed. Finally, about 3.2 x 10° yr ago, the interior of the 
Moen. heated up sufficiently to destroy the internal IRM, 
leaving ion a a crust, The crust could, in principle, 
-moment. The fact that none is observed 



























could be because the Moon may have been 
the crust was formed. It may also be because the ¢ 
of material such as anorthosites or anorthesitic ¢ 
carry only a weak magnetic remanence’. Subsequ 
may also have randomised directions in the cru: 
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An upper limit is determined for the difference in the deflec- 
tion of beams of orthogonally polarised radiation passing 
through the Sun’s gravitational field. A null result is anti- 
cipated by present theories of gravitation but this prediction 
has never been tested. 


Og in 
PRESENT theories of gravitation tacitly assume that two ortho- 
gonally polarised beams of radiation will be deflected by equal 
amounts on passing near the Sun’s limb. This hypothesis has 
never been tested, even though available techniques should 
permit measurement of a differential deflection up to 10* times 
smaller than the total deflection suffered by the radiation. 

The equivalence principle predicts that orthogonally polarised 
radiation should show no differences in deflection by the Sun. 
An observer falling freely into the Sun should see all beams of 
radiation following straight trajectories at his own location. 
If radiation polarised in one sense were deflected at a rate 
different from oppositely polarised radiation, then initially 
coincident beams of mixed radiation would separate into two 
beams that curve away from each other. At least radiation 
polarised in one of the two senses would no longer appear to 
propagate along a straight line for a freely falling observer. 

Most theories of gravitation incorporate the equivalence 
principle, at least in the limit of geometrical optics and weak 
fields, and we would expect gravitationally deflected radiation 
to follow paths unaffected by the state of polarisation. But we 
can think of situations in which polarisation must play an 
important role. One particularly limiting case, pointed out to 
us by Dr Stuart Shapiro, involves maximally rotating black 
holes. a 

Such a black hole is incapable of abserbing long wavelength 
radiation approaching alng the hole’s axis of rotation if the 
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radiation is circularly polarised with spin angular momentum 
parallel to the angular momentum of the hole. This is because 
absorption of this radiation would endow the hole with exces- 
sive angular momentum and would add too little rest mass to 
the hole. As a result this radiation is not absorbed at all. In 
contrast, oppositely polarised radiation is readily absorbed 
since it merely tends to slow down the rotation of the black hole. 

Although this picture is quite extreme, we would expect some 
measure of differentiation between left and right polarised 
radiation whenever long wavelength, circularly polarised 
radiation is scattered or absorbed by a rapidly rotating compact 
object (ref. 1 predicts a small Faraday-like rotation of the 
polarisation vector near a rapidly rotating mass). For shorter 
wavelengths, and larger, less rapidly rotating objects, these 
effects diminish, so that we again retrieve the result that gravi- 
tational effects should clearly distinguish different states of 
polarisation only in the diffraction limit, namely where the 
wavelength becomes comparable to the Schwarzschild or Kerr 
radius of the massive object. 

We may eventually hope to make wavelength and polarisa- 
tion-dependent observations that show such gravitational 
effects in eclipses of compact binary stars. But for the moment 
we have been attempting to establish, by observations, whether 
or not orthogonally polarised—linearly or circularly polarised— 
components of radiation are deflected by identical amounts in 
the Sun’s gravitational field. Here we are clearly in the classical 
geometrical optics limit, and we are dealing with verylow angular 
momentum in the deflecting mass. We would therefore expect 
no measurable difference in the deflection of orthogonally 
polarised radiation components. 

Using very long baseline radio interferometry, this null result 
can, in principle, be determined with very high accuracy. T he 
principal limitations are provided by the length of the available 









_ baseline and Faraday rotation in the solar corona. 
-H is well known that the orthogonal polarisation components 
of a radio wave may be affected differently in propagation 
through a magnetised plasma. Faraday rotation of the plane of 
polarisation and plasma birefringence could obscure any 
differential gravitational deflection. For the present experiment 
the interplanetary plasma is expected to give the largest effect 
due to the Faraday rotation. We calculated, however, that even 
this Faraday rotation is negligible for solar elongations larger 
than 5X@. No significant plasma effects are expected from the 
ionosphere. Very long baseline interferometry, using a trans- 
continental baseline, offers a potential accuracy of almost 10 
are s at 8 GHz—~of the order of one part in 10* of the total 
deflection, 

If any effect is present, then the position of a small diameter 
radio source when viewed in one polarisation will be displaced 
from. the position viewed with the orthogonal polarisation. 

is il show up as a slight change in the interferometer fringe 
rate between the two polarisation channels, an effect analogous 
to thebeating of the separate components for a multicomponent 
source when viewed with a single polarisation. 

As we are only searching for a relative displacement, the 
quantity to be measured is the relative phase difference between 
the orthogonal polarisations from the same radio source. This 
‘is independent of the local oscillator phase at each site provided 
that the same signal is applied to the two receivers at each 
radio telescope. In this way the full resolution of the inter- 
ferometer can be realised. 

Effectively, the observations search for an apparent splitting 
of the source, into orthogonally polarised components, as it 
approaches the Sun. Such a split can be detected far more 
readily than an absolute deflection relative to another radio 
source placed some degrees away in the sky. This second 
situation is the one that describes measurements of the normal 
deflection of radiation by the Sun. There the total change in 
angular separation of the sources 3C273 and 3C279 is measured 
to an accuracy of a few parts per million to arrive at a total 
deflection known to an accuracy of a few per cent. 





Observations 
The observations were enet out with the Green Bank-Owens 
o Valley baseline on September 30 (day 274) and October 4 
(day 278), 1972, when the radiation from these sources passes 
near the solar limb. The baseline is 3,900 km (10* wavelengths), 
and is nearly east-west. The Mark H VLBI tape recording 
system was used. The observations in Green Bank were with 
the Howard E. Tatel 85-foot (85-1) radiotelescope of the 
National Radio Astronomy Observatory (NRAO), and the 
frequency standard was obtained from the hydrogen maser 
installed at the 140-foot dish. At the Owens Valley Radio 
Observatory (OVRO) both A and B 90-foot radiotelescopes 
were used, and a Sulzer crystal oscillator, phase locked to a 
Hewlett Packard 5065A frequency standard, was used. 
Synchronisation was obtained from Loran C radio trans- 
missions at NRAO and from the Goldstone Tracking Station 
at OVRO. 

Different polarisations were eee by switching 85-1! 
between left and right circular polarisation (LCP and RCP) 
every 2s, while switching between antennae A and B at OVRO 
every | s. Antennae A and B had linearly polarised feeds, which 
were preset to be orthogonal. Hence in a period of 4s all four 
combinations of polarisation were sampled. As the coherence 
time of the rubidium-driven Sulzer oscillator is longer than the 
switching rate, relative phases between the different polar- 
isations were easily obtained. The preliminary reduction was 
‘accomplished with the NRAO Mark H processor, apd the 
fringes corresponding to the various polarisations were sorted 
by computer and combined into their respective groups. The 
‘rferometer was sensitive to dual sidebands of 2 MHz 
red at 8,075 and 8,095 MHz. Each sideband was 

parately. 











































In Fig. 1 the relative positions of 3C273, 30079 
Sun during the experiment are shown. Uni 
signal-to-noise ratio for 3C279 was too small 
make any convincing measurements of relative pha 
weak fringes were detected. This is due to 7 the 5 
flux? in 3C279 (<3 f.u.). The correlated flux in i 
about 12 f.u., and the relativ 
circular polarisations were easily 
of observations 3C273 was 5.0° and 7 

We have not been able to determine ti 
in orthogonal linear polarisations due to a 
not understood, in fringe rate between af 
(although the change in baseline was proj 
account). But two independent determinatic 
differences in the circular polarisations were o 
separate analyses of the fringes produced by corre 
85-1 with antenna A, and by correlating 85-1 wi 
For a source separated into two compe ; 
separation, A8, at position angle A, the: 
is AD = AO [ (Bzsin A — Bysin 8 cos A) sir 
(Brsin 6 cos A+Bysin A) cos H+ B cos 6 ¢ 
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Fig. 1 Positions of 3C273, 3C279 and the Sun on the obse 
days. 


where H is the hour angle, (a, 5) is the source positio 
Bz, By, and Bz are the baseline components in waveler 
Symmetry considerations lead us to expect that any ser 
of circular polarisation components will be perpend 
the radial direction. Thus the position angle of the 
is orthogonal to the position angle from the San 
source. Phase differences between the orthogon: 
polarisations were calculated for scans of 15 min: 
observing sessions. The data shown in Fig. 2 were 
equation by the method of least squares. This was done 
B antenna experiment on October 4 and for the A a 
experiment on both days. The B antenna was not functior 
properly on the first observing day. The phase difference: f 
the upper and lower sidebands have been kept separa 
the exact times of relative phase determination, and the ¥ 
of Bz, By and B; differ slightly. Also the data from b 
in the A antenna experiment were, in one case, taken toget 
in the same lea$t squares fit by arbitrarily assuming the splitting, 
AQ, to have a I/F dependence on solar elongation. None of these 
least squares fits yielded significant splitting above the error level. 
Upper limits for all of these cases were obtained by calculating 
x for assumed values of AQ. The upper limits of the splitting, 
corgesponding to the 95% confidence level are given in Table 
1, It is noted that by assuming a yet stronger radial dependence 














Polarisation Observing days used Data used 
Circular 278 Even 
Circular 278 Odd 
Circular 274 Even 
Circular 274 and 278 Even 
Dependence on R neglected 
Circular 274 and 278 Even 
I/R dependence assumed 
Linear Change of polarisation technique 
Circular Faraday rotation technique 





Table 1- Upper limits to the po 





larisation splitting 





Splitting upper limits 
(95% confidence) 


Tangential Radial 
Solar 40 clockwise àĝ counter- 
elongation (103 ares) clockwise Ain 48 out 
(Reo) (Ofarcs) (O3 ares) (104 are s) 
7.8 2.4 1.9 41 3.3 
7.8 22 0.5 — 3.0 
5.0 27 25 336 467 
7.8 2i 1.5 3.7 3.5 
7.8 1.6 Li 3.5 3.4 
4to 6 25 104 «2.5 10-4 
7 2A 1032 10-3 





Clockwise tangential splitting is defined as that seen by an observer in which right circular polarisation appears rotated clockwise about 
the Sun away from left circular polarisation. In outward radial splitting right circular polarisation appears at greater solar elongation 
than left circular polarisation. The ‘even’ data are the result of correlating antennae A and 85-1, and the ‘odd’ data from correlating 


antennae B and 85-1. 


than l/r, smaller upper limits are obtained since additional 
weight is effectively put on the data obtained at smaller solar 
elongations. 


Results for circular polarisation 

Symmetry considerations suggest that two circularly 
polarised radiation components could at best be split along a 
line perpendicular to the direction of the (non-rotating) 
deflecting mass. 

As shown in Table 1, our observations set an upper limit 
of roughly 0.002 arc s for the difference in the deflection of the 
two circularly polarised components along a direction per- 


pendicular to the solar radius vector. Along the direction of ° 


the radius vector, our upper limit is approximately 0.0035 arc s. 

These upper limits are to be compared to a total gravitational 
deflection of ~0.2 arc s for radiation passing at these distances 
from the Sun. 


Linearly polarised radiation 

Radiation reaching us from a source that lies beyond the 
Sun can be decomposed into two orthogonally linearly polar- 
ised radiation components, with one polarised in a direction 
parallel to the radius vector from the Sun and the other 
polarised along a tangential direction. If these two com- 
ponents are not deflected identically by the Sun’s gravitational 
field, it can be because one of the two components is slowed 
down more on approaching the Sun. This produces splitting 
along the radial direction. This situation is consistent with 
symmetry considerations, The component with the slower 
velocity is deflected more strongly, since its wavefront is 
retarded more strongly in the Sun’s vicinity. 

One way of measuring the time delay due to such a differen- 
tial reduction in the velocity of propagation of the wave is to 
search for phase delays in the propagation of the two com- 
ponents. If the radially polarised component R and the 
tangentially polarised component T are equally strong, and the 
source is initially linearly polarised in a direction at 45° to the 
solar radius vector, then any difference in the propagation time 
past the Sun would make itself felt as a transition toward 
elliptical polarisation. If the difference in propagation time 
became as large as one quarter of a cycle, theeinitially linearly 
polarised wave would become purely circularly polarised. At 
a delay of half a cycle the wave weuld again be linearly 
polarised, but at an angle 90° removed from the initial direction 
(Fig. 3). = 

Thereafter there would be a secend stage of elliptical 
polarisation, culminating’in circular polarisation for a delay 


+ 


of 3/4 cycle. But the sense of circular polarisation between 
delays of O and 1/2 cycle is opposite to that between 1/2 and | 
cycle. A delay by a full cycle gives a wave linearly polarised 
in the initial sense, as emitted at the source. The intermediate 
state of elliptical or circularly polarised radiation would be 
right handed or left handed depending on which of the two 
components—the radial or the tangential—was propagated 
less rapidly. 
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Fig. 2 Relative fringe phase between left and right circular 
polarisation for 3C273 is shown as a function of hour angle. 
Each point corresponds to approximately 15 min of observing. 
Upper (4) and lower (v) sidebands are plotted separately. The 
arbitrary adaitive phase constant has been removed. 


Observations carried out by Stelzried er al. in 1968 on the 
plane polarised carrier wave of 2.29 GHz (13 cm) transmitted by 
thesolar orbitingspacecraft Pioneer 6 followed thesource to with- 
in about 4Rw@ from the Sun. Although the polarisation emitted 
by the spacecraft was almost purely tangential to the solar 
radius vector’, strong Faraday rotation was observed when 
the transmitted beam passed within about 6R@ from the Sun. 
By 4R@, where the signal became too difficult to follow, the 
polarisation angle had rotated from 90°-—-perpendicular to the 
ecliptic plane—through 0° and on to — 45°. 

It is virtually certain that at some time during this period 
Faraday rotation would have produced a polarisation angle 
of ~45° near the ray’s closest point of approach to the Sun. 
Nevertheless, no ellipticity was detected, although the in- 
strumental resolution of power axial ratio was ~0.1. This 
implies a maximum phase shift between the two linearly 
polarised components amounting to much less than 1 cm in 
separation. In contrast, a wave passing within 4-6R@ of the 
Sun ist delayed ~ 10° cm, indicating that the time delay and its 
associated bending should be identical for both linear polar- 
isations to within one part in ~10°. 
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Fig.3 The polarisation of a wave formed by the superposition 

of two orthogonal linearly polarised waves. The resulting polari- 

sation depends on the phase relationship or delay between the 
two waves. 


Beyond 7R@®, where Faraday rotation effects seem to be 
negligible, the Pioneer 6 experiment also gives an upper limit 
on the time delay difference for orthogonally polarised circular 
components. This appears to be less than about one part in 
10° of the total effect. 

Space probe experiments of this type in the X band or'at 
higher frequency could provide more stringent results. 


The future 

We have been able to place upper bounds on the possible 
difference in the deflection of orthogonally polarised radiation 
components passing through the Sun’s gravitational field. 
Although these bounds are already quite stringent, order of 
magnitude improvements can be expected within the next few 
years by straightforward improvements in the techniques 
described here. Without extensive innovations, we may 
expect sensitivities to reach one part in 104 to 10° of the total 
gravitational deflection. Even a null result obtained in such 
observations should be a useful constraint for the construction 
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Dust in the head of Comet Kohoutek 


We have been making photographic observations of Comet 
e Kohoutek (1973f) at the observatory of Izafia, Tenerife, with 
the aim of assaying the dust content of the tail. We have 
taken many photographs on various films and with various 
s; having enlarged and printed some of the negatives we 
: noticed.on. many of them a straight dark streak running 
away from the head for a distance of about 24 arc deg. The 
= streak i is to. be seen on exposures made on 1974 January 9, 10, 
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of theories of gravitation. 

We mentioned earlier that there should exist 
deflection effects that depend not only on pola 
also on wavelength. These effects may be too sry 
in the deflection of radiation passing by tin “Sun, be 
hope to obtain significant results in astronomici! 
involving eclipses of compact binary stars, 

Very long baseline interferometer observatic: 
may also eventually have application to 
structure of compact radio sources. Indi 
expanding doubles predicts that each con 
weak circular polarisation orthogonal to the ot 
work of R. H. Sanders). For our purpos 
structure can be separated from any gravilatia 
observing each source at different solar elong 
observed lack of circular polarisation® in 3€°273 im 
any structural features that could be detected should | 
smaller than 0.001 arcs. 

This work was partially supported by the 
Foundation and by the Research Corporat 
helped in the observations at OVRO and « 
Gold, E. E. Salpeter, S. Shapiro and R. V 
discussions and B. G. Clark, S. Teukolski @ 
comments. The reduction of our data was fy 
cussions with J. Burch, B. G. Clark, H. Hardebeck: 
way, K. I. Kellermann, B. Rayhrer and R. Solelliz 
National Radio Astronomy Observatory is oper 
Associated Universities, Inc., under contract with the - 
Science Foundation. 
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After this paper had been submitted, our attert 
to a paper by Mashhoan®, in which the q 
here are placed into a general relativistic 
author derives several important results that telr 
the size of expected effects. i 
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11 and 12 on Kodak Tri-X Pan, RAR | 2495 and E 
Kodak High Speed Infra-red (HIE-135) emul sions “ene 
focal lengths of 85, 135 and 225 mm (Fig. 1). E 
We conjectured that the streak might be the shadow ol 
head of the comet cast on to the tail and so we compute 
position angle of the Sun with respect to the comet hea: 
found that it agreed with the streak direction to within our: 
of accuracy of measurement (about 10 arc min}. We a 
that our objectives were free from distortion and tha 
photographs represented a stereographic projection. 
celestial sphere centred on the comet's head, 
a If this explanation of the streak is accepted, several inter: 
conclusions follow: + | 
(1) The opaque region casting the shadow has a dia 
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of about 4 x 10’ m (25,000 miles). This follows from the 
observed length of the streak and the known distance of the 
comet from the Earth at the time. It does not follow, of course, 
that there is a solid nucleus of this diameter since even sparse 
dust in sufficient depth can cause enough opacity. 

(2) The opacity is caused by dust, not gas, and this dust has 
a low albedo, otherwise the comet would have been much 
brighter. 

(3) If we assume as usual, that the particle size distribution 
obeys a power law nla) ka? with p 3 for small particles’ 
and 4 for larger ones, and that the space density of particles 
varies inversely as the square of the distance from the centre 
of mass (or nucleus if there is a nucleus) as required by a simple 
continuity equation, then it is possible to calculate what we 
might call the ‘opacity radius™—the distance from the centre 
of mass at which a light beam must pass in order to be atten- 
uated by a factor l/e. Alternatively if this radius is known then 
the mass enclosed within a sphere of this radius can be com- 
puted. A simple formula can be derived: M (2/3)ap D?, 
where D is the opacity radius, a is the upper limit of particle 
radius and p is the material density of the particles. Here we 


have apparently D = 2 x 107 m and a lO“! m (ref. 2) since 


the power law seems to break down for large particles; and if 
10! kg; p 


p 3 then M = 8 8 gives M 2 10" kg. 





Fig. 1 Comet 1973f at 1945 on 1974 January 9. In white light, 

exposure 80 s at f/2 on Kodak Tri-X Pan film. The head had a 

magnitude of +3.5 at this time. The three bright stars at the 

top of the field are (from left to right): 46 Capricorni, & Aquarii, 
B Aquari 


These figures agree well with the estimates made by Whipple? 
for the total mass of a comet and suggest the possibility that 
the whole mass may be contained in the dust cloud. There 
would be ample surface area, 3 10! m* if the particles are 
spherical, more if they are not, for the adsorption of gases and 
sufficient opacity to prevent them from volatilising too quickly. 

We thank the Royal Society for financial support and 
Professor Francisco Sanchez Martinez of the University of 
La Laguna for the use of his facilities at the Observatorio del 
Teide at Izana. 
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Atmosphere of Mercury 
Tue recently released news concerning the possible atmosphere 
surrounding Mercury seems to have taken the astronomical 
community by surprise. It had generally been expected that 
because of the high temperatures (of the order of 450 K) 
existing there and also because of the low surface gravity, any 
atmosphere originally present, or any released from subsequent 
events on the surface would quickly evaporate since the random 
thermal speed of the atoms would be greater than the escape 
velocity. If V; is the escape velocity from Mercury, p, the 
density of its atmosphere and A the surface area, then a simple 
computation indicates''? that the rate of mass loss from this 
atmosphere ts 
dM Ap, 
dr (Br 
mi2kT, k being Boltzmann's constant and m the 
All this ignores the solar wind which carries 
mass into the atmosphere. In reality the problem becomes a 
boundary layer problem tn which the magnetic field of Mercury 
plays a part, but we can see simply that the main effect is to 
generate an atmosphere. I! the wind has a density py, and a 
velocity Vw, then it adds matter to Mercury at the rate 


[1+ BY,7] exp (BF,*) 


where p 
atomic mass 


\ 
dM ra 
dr 
and the stead state situation ts given when 
), : ; : 
Vie Da A [1+ B V,*] exp (— B V,”) 
(n bB) 
Pa ee 
or — = ets — ó 
Pw LE+ P Vir] 


Inserting the appropriate numerical values, Ba 107", 


Pa R 


2 x 10", and Vy, = 10° (all in c.g.s. units gives) 
) 
wa 600 
Pw 


There should therefore be a very tenuous atmosphere, basically 
composed of hydrogen being maintained tn this way. Any 
helium and argon released by radioactivity would become 
trapped in this atmosphere and should be detected. 

If the atmosphere is signficantly denser than given above, it 
implies that volcanic activity or some such gas generating 
process must be active now. 

I. P. WILLIAMS 
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Mile End Road, London El, UK 
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Existence of two groups in 
thermoluminescence of meteorites 


THE thermoluminescence (TL) properties of meteorites’? may 
be applicable to the determination of exposure age, terrestrial 
age, thermal gradients, radiation history and preatmospheric 
shape. In an attempt to apply TL to the determination of 
terrestrial age we have discovered that meteorites can be 
divided into two groups, the existence of which is relevant to 
several of the applications. 

Our apparatus consists of a molybdenum strip heated 
electrically at 5 + 0.05° C s~“ by an electronic control unit. The 
light emitted by 10 mg of 50 um sieved powder placed on a 
defined area of the strip is measured by a cooled and shielded 
9635B EMI photomultiplier tube. The amplified signal is 
plotted automatically against temperature. The resulting ‘glow 
curve’ has two peaks, one at about 200° C (LT) and one at 
about 350° C (HT). 
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Table 1 Details of meteorites of known terrestrial] age 
Meteorite Terrestrial BM no. (if Class Thermolumin- 
age (yr) applicable) escence group 
Barwell 8. Low 
Bruderheim 13. L6 Low 
Khanpur fae LLS Low 
Mangwendi 39 LLG Low 
Olivenza 49. ELS Low 
Saratov 55 BM1956, 169 L4 High 
Crumlin Ii. BM86115 L5 Low 
Gambat To BM83864 L6 Low 
Jelica 83 LL6 Low 
Soko Banja 96 | LL4 High 
Tennasilm 10] BM1913, 218 L4 High 
Butsura Hi2 —BM34795 H6 High 
Dhurmsala 113 LL6 Low 
Aldsworth 138 BM61308 LL5 Low 
Durala 158 = BM32097 L6 High 
Limerick 160 H5 Low 
Wold Cottage 178 BM 1073 L6 High 
Mauerkirchen 205 BM 19967 L6 High 
Ogi 232 BM55256 H6 High 


We recorded the glow curves of nineteen meteorites that 
were seen to fall and are therefore of accurately known terre- 
strial age (Table 1). Two groups were immediately apparent: 
one in which LT falls below HT in about 100 yr after fall, 
and one in which it takes several hundred years for this to occur. 
Although the two groups are evident by visual inspection of the 
glow curves they are more obvious in Fig. 1, a plot of loge 
(peak height ratio, LT/HT) against the terrestrial age of the 
meteorite. The low retentivity group, in which LT is fading 
fastest, shows much scatter from the line but the high group 
shows surprisingly little. The cause of the scatter is probably 
small initial differences in the TL of the meteorites, different 
thermal histories since the decay is temperature sensitive and, 
in the case of the low group, varying degrees of shock. 
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Fig. 1 Natural logarithm of the peak height ratio (LT/HT) as a 
function of terrestrial age, for meteorites of known terrestrial 
age. 


l To confirm that meteorites in the low retentivity group are 
- fading faster than meteorites in the high retentivity group, the 
mean life (time to fall to Ife) of LT in six meteorites was 
determined. We heated powder from three high and three low 
_ group meteorites in the dark at 120° C for various periods up to 
2.70 h. Heating was done in an Abderhalden drying pistol 
~ surrounded by refluxing tetrachloroethylene. The results are 
shown in Fig. 2. Although the curves are not exponential, and 





i Vaz, E., Meteorities, 6, 207 (1971). 








the results must be treated as approximate, it is clear that the 
two groups are due to different mean fives of LT imu mi 
nescent material. The mean life, t, at room temperature can be. 
calculated from 
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where £, the energy of the peak, cai 
method and & is the Boltzman cons 
group the mean life at room temperatt 
high group 45—55 yr. ; 

We have not been able to determine wi 
for the two groups but suspect that it is relate 
metamorphism and shock change the nature of th: 
feldspar, shock producing maskelynite and wm 
Causing recrystallisation. Chemical-petrological — 
signed on the extent of metamorphism’ show no ë 
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Fig. 2 Isothermal annealing curves for three hig! 
low retentivity meteorites. The ordinate is the natural 
of the percentage drop in the area under LT. Overlap 
allowed for where necessary and the curve for Jelica | 
placed vertically downwards for clarity. e, Wold - 
(50-54 h); b, Saratov (50-55 h); c, Tennasiim { 

d Barwell (28-34 h); e, Bruderheim {26-34 hj; 
(28-34 h). The numerical values are estimated for 

lives at 120°C, 















with the TL groups of the meteorites, inferring. 1 
morphism does not govern TL group membe snip. 
known to reduce TL intensity, however, and we have + < 
believe that it also reduces the mean life of LT. Mo 
members of the low group have been shocked or are bre 
(R. Hutchison, personal communication). Olivenza 
Barwell are anomalous in this respect, as is Soko B; njas 
is in the high group but is a breccia. Shock may also exp! 
scatter in the low group line in Fig. I since it can occur y 
various degrees of severity. 
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sion track. dating ofa 
itric tuff from East Rudolf, North claws 
CCURATE dating of the Plio—Pleistocene sedimentary se- 
“quence in the East Rudolf basin of northern Kenya is 
urgently required to provide a time framework for the 

--hominoid'", archaeological** and other’ important finds in 

othe area. A sequence of water-lain tuff horizons are inter- 
-=o ¢alated with lacustrine, deltaic and fluviatile sediments’ and 
if a number of these tuffs can be dated with sufficient ac- 

curacy they could provide both the primary geochronological 

framework required and, by establishing correlations be- 

tween East Rudolf sections and the world-wide geomagnetic 

reversal time scale, enable palacomagnetic dating to be 

applied to those parts of the Stratigraphy lying between 
the dated tuff horizons. 

“Argon/“Argon age spectrum analysis by Fitch and 
Miller’ has provided a firm date of 2.61 +0.26 Myr for the 
- prominent KBS Tuff horizon that occurs near the middle 
of the sedimentary sequence. This date is compatible with 
the probable age ranges of the sediments suggested by 
palaeontological correlation with dated sequences elsewhere 
in East Africa’ and with the initial findings of the palaeo- 
magnetic reversal study’. Further work by Fitch and Miller“ 
‘indicates that straightforward K/Ar or “Argon/*Argon 
‘dating of the East Rudolf tuff horizons is complicated by 
episodes of enhanced groundwater metasomatism which 
probably resulted from the periodic release of volcanic 
heat and/or hot fluids in the area. They suggest that 
although the East Rudolf succession contains clear evidence 
of a sequence of local, explosive ignimbritic eruptions 
over the period 5.0 to 0.5 Myr, in some parts of the 
sedimentary basin metasomatism has disturbed the argon 
and potassium isotope ratio of the component crystal and 
glass fractions of the tuffs produced by these eruptions in 
such a way as to cause partial and complete overprinting of 
the apparent ages obtained from them. The repeated 
occurrence of the same discrepantly low ages from different 
tuffs at different locations is explained as resulting from 
a series of distinct, short-lived overprinting events, rather 
than the postulation that the discrepancies result from the 
accumulative effect of prolonged, low energy geochemical 
activity in a diagenetic environment. One of the most 
widespread of the overprinting events recognised by Fitch 
and Miller occurred around 1.75 Myr (ref. 10). 

We first investigated the feasibility and practical problems 
involved in applying fission track dating to East Rudolf 
tuffs and then tried to confirm or deny the presence of a 
widespread thermal annealing event around 1.75 Myr. The 
sample used was a vitric tuff from the upper part of the 
Kubi Algi Formation, inland from Allia Bay in the south- 
east of the East Rudolf basin (Kenya Grid Reference HBH 
72001640). The tuff was collected by A. K. Behrensmeyer 
and V. J. Maglio in 1970 from section BS. A minimum 
age of 3.0 Myr was suggested by Maglio for the Kubi Algi 
formation; Fitch and Miller have proposed an age of 
around 3.9 Myr based on conventional K/Ar and “Argon/ 



































Table 1 Spontaneous and induced track densities of vitric tuffs. 
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Sample and No. spontaneous - Spontaneous 
location tracks counted track density 
| e om "ps 
+ 
AJH64 403 x 2.558 x 10° 
Kubi Algi 
SB5-R3 


(1) Total tracks in 100 natural shards; a 
(2) Total tracks in 100 anngaled irradiat 





ee ‘by ‘the: very Soap. age pecan en a. 
sis of the spectrum indicates both partial contamination by 
an older volcanic fraction included in the tuff and also 
minor discrepancies in argon loss caused by subsequent 
events. 

Petrologically the sample used for this track study is 
an unconsolidated volcanic ash, largely composed of glass 
shards but also containing abundant calcite grains, small 
amounts of biotite and feldspar, and numerous minute 
grains of iron oxide. Only the glass shards can be regarded 
as definitely juvenile; microscopic examination shows the 
shards to be fresh, strongly vesicular and bearing no sign 
of devitrification. 

The fission track dating method" and, more specifically, 
the use of volcanic glass in track dating™™® have been 
described previously. Uncontaminated glass shards were 
separated from the ash sample by hand picking beneath 
a binocular microscope; the shards were divided into two 
aliquots. One aliquot was heated to 250° C for 52 h, which 
was observed to anneal the spontaneous tracks present; it 
was then irradiated using a thermal neutron fluence of 
approximately 1x10" neutrons cm~*. The fluence was care- 
fully monitored using NBS standard glass SRM614, with a 
uranium content of 0.82 p.p.m., allowance being made for 
the depleted “U. The natural and irradiated shards were 
simultaneously mounted in epoxy resin, polished and then 
etched in 2.75 M hydrofluoric acid for 25 min at 20° C. The 
two aliquots were consecutively counted using an eyepiece 
graticule in a Reichert Zetaplan microscope; incident illumi- 
nation with a magnification of X 256 was used. The natural 
shards revealed tracks formed by the spontaneous fission 
of ®U and the irradiated shards showed tracks resulting 
from the neutron-induced fission of U. 

Table 1 shows the resulting spontaneous and induced 
track densities; it presents an apparent fission track age 
of 1.8 Myr. No precise value for the error has been 
attached, since errors quoted in previous studies have 
been of questionable value. Considering the track counting, 
fluence dosimetry and the uncertainty of the value of the 

“UJ fission decay constant, a minimum value of 10% is 
given for the uncertainty of the date. The variation in 
eee density between shards was about 20-30%, indicating 

a relatively homogeneous uranium distribution. Since fission 
ak in glass are particularly susceptible to thermal an- 
nealing, the mean track diameters of both the induced 
and spontaneous tracks were measured. Comparison of these 
results revealed no significant difference in track diameter, 
indicating that the specimen has either suffered no thermal 
annealing or that it has been totally annealed at 1.8 Myr. 

As this tuff is within the Kubi Algi Formation and is 
stratigraphically below the 2.6 Myr KBS Tuff, the second 
alternative is accepted as the correct interpretation. Thus 
this study has shown that fission track dating of Plio- 
Plistocene vitric tuffs from the Lake Rudolf area is 
practicable and that in appropriate circumstances this 
method can produce evidence of important events in the 





No. induced Induced Fission 
tracks counted track density track date 
(2) em pi (3) 

0987 5,871 x 10° 1.8 x 10% yr 


n AEA 


area of 1,681 um are in each shard. 
shards: an area ofel 681 um? counted in each shard. 


(3) Neutron fluence = 8.59 x 10** neutrons cm% induced track density in dosimeter glass 518 tracks cm7?, 89 tracks counted in 10,000: 
fields; spontaneous fission decay consan for #$U taken as 8.42 x 10% yr (ref. 17). 
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history of the rocks, other than or in addition to the 
age of initial volcanism. The apparent age obtained from the 
sample studied indicates that it was subjected to thermal 
annealing around 1.8 Myr and this can be taken as ad- 
ditional confirmation of the geologic reality of the important 
overprinting event around 1.75 Myr, indicated by previous 
K/Ar and *Argon/“Argon studies”. 
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Oxidation effect on the analysis of iron in 
the interstitial water of recent anoxic 


sediments 

RECENT studies on the changes in composition of interstitial 
water during its separation from sediments'~? prompted us to 
evaluate the effect of squeezing on the concentration of ferrous 
iron within the interstitial water. Sediment samples were taken 
in northern Chesapeake Bay (38°56’ N and 76°25’ W) with a 
Benthos gravity corer. Layers of sediment were immediately 
extruded from the plastic coring tube and loaded into nylon 
squeezer barrels. The interstitial water was squeezed from the 
sediment through a 0.22 um Millipore filter by the pressure of 
nitrogen acting against a rubber diaphragm‘. The water drained 
directly into a calibrated test tube containing a solution of 
o-phenanthroline, buffered at pH 3.6, and the iron content was 
determined colorimetrically’. 

During attempts to determine the precision of the analysis, 
we discovered that the dissolved Fel) concentration in the 
, interstitial water increased during the squeezing process. Figure 
- lashows the Fe(II) concentrations in consecutive aliquots of 3 ml 
~ asa function of volume of interstitial water emerging frdm the 
squeezer. The shape of the squeezing curve, a rapid initial rise 
_ in concentration to a constant value, was observed in every 
: subsequent experiment. 

We investigated five factors which could cause the increase of 
. the interstitial Fe(lI) concentration: filter brand, filter pore size, 














temperature and pressure of squeezing, and the presence of 
oxygen. In all of the experiments, excluding the one 
oxygen-rich with oxygen-free conditions, all manipulates 
carried out in a nitrogen atmosphere. During squeezing wi 
no significant differences in the concentration of di 
Fe(II) in interstitial waters squeezed through Millipore, € 
and Nucleopore filters, nor in waters squeezed 
filters with pore sizes of 0,22,0.10, 0.05 and £ 
Fe(fl) concentrations did not vary with | 
tures of between 7 and 20° C nor with SqUeeZ 
between 50 and 200 pound inch~*. The oniy f 
appreciably affected the iron concentration was the pr 
oxygen. 

Although there have been several studies on the concentra: 
tions of trace constituents in the interstitial water of a: 
sediments®*, nobody to our knowledge has atem teg jo 
vent the oxidation of these waters by any i 
rapid handling of the sediment. We hae a uate 
portance of oxidation. Nine cores were taken. 
sion; a layer of each core, 67-72 cm below the sed 
interface, was extruded, homogenised and loade a4 
2.5 cm squeezers containing deoxygenated filters in a 
from which oxygen had been purged with nitrogen.’ 
of the pair of squeezers from each core was never expos 
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* Fig. 1 a, Change in paar hae of dissolved ferrous iron as 
interstitial water is squeézed Horizontal lines indicate consecutive 
3 ml aliquots &nalysed. b, Comparison of the changes in ceid 

centration during siusezihg under nitrogen (J) and air {O}, 









<= glove bag after loading and exposed to the atmosphere for 
oe 5 min with its top removed. Consequently, the surface of the 
> sediment and the top of the drainage tube were exposed to 
oxygen for a period of time approximating rapid manipulation 
of a sediment core. These latter samples were then squeezed in 
air. Squeezing began at the same time for both the exposed and 
unexposed samples. An aliquot was taken simultaneously 
from each of the squeezers after 15 mi of interstitial water had 
been squeezed. In eight of the nine cores the Fe(II) concentra- 
tions in the interstitial waters squeezed under nitrogen were 
greater than those squeezed in air; and in five of these eight, the 
difference between the exposed and unexposed samples exceeded 
§0°%. The mean of the nine samples squeezed in air was 10.0 
p.p.m.; in nitrogen, 12.9 p.p.m 
We repeated this experiment using a sediment core stored 
ce at ae". Successive | ml aliquots of the interstitial water passing 

. through duplicate squeezers were analysed for ferrous tron in 

order to determine the change in concentrations as a function 
< of volume. Figure ib shows the concentrations plotted as a 
_ percentage of the maximum value. The results indicate that the 
> difference in ferrous iron concentration of the interstitial water 
~ squeezed in air and in nitrogen occurs primarily during the 
` squeezing of the first 15-20 ml. We conclude that discrete 
sampling and analysis of the aliquot directly from the squeezer, 
under a nitrogen atmosphere, is the best method of ensuring 
-analytical accuracy. 

Inorganic oxidation of dissolved ferrous iron is rapid in the 
~~ neutral pH range, 6.8-8.0, typical of interstitial waters from 
Chesapeake Bay’. We observed a noticeable change in colour, 
from black to grey, extending several millimetres into the top 
-and bottom of sediment samples extruded and squeezed in air. 
This same change in colour occurred in sediment samples €x- 
-posed to air and is a result of oxidation. Sediment protected 
by a nitrogen atmosphere during the entire sampling operation 

remained black for the duration of the procedure. 
The rapid change in Fel) concentration observed in the 
initial period of squeezing must result from the oxidation of 
ferrous ion to ferric hydroxide by the small amount of oxygen 
trapped in the squeezer during transfer of sediment from the 
core to the squeezer. As oxygen is consumed, the Fe(II) con- 
centration levels off at its true value. In our samples oxidation 
significantly affected the concentration of Fe(II) up to values of 
10-20 p.p.m. The effect on other trace metals whose concen- 
trations fall in the parts per 10° range, either directly through 
reaction with oxygen or indirectly through interaction with 
amorphous ferric hydroxide’? would be even more pronounced, 
Acidification of squeezed samples does not alleviate the prob- 
lem because the dissolved Fe(II) is oxidised and lost from 
solution within the squeezer. Thus, trace metal analysis of 
anoxic interstitial waters rich in iron must be performed in an 
inert atmosphere. | 

We used methods of oxidation protection in an investigation 
of the composition of interstitial waters from a station in nor- 
thern Chesapeake Bay (Fig. 2a-/). Phosphate was determined 
colorimetrically and carbonate alkalinity titrimetrically*. The 
distribution of sulphide, Eh and pH were determined with 
electrodes. The core was sampled at intervals of 2 cm to a depth 
of 12 cm and then at intervals of 7.5 cm toa depth of approxi- 
mately 100 cm. 

‘Below a depth of 1 to 2 cm sediments from Chesapeake Bay 
are anoxic and the decomposition of organic matter enriches 



















stitial water. The generation of sulphide from the concomitant 
bacterial reduction of sulphate is commonjy assumed to 
immobilise iron as an iron sulphide. We observed, however, 
two layers of significant dissolved Fe(I1) mobilisation into the 
interstitial waters throughout the sediments of the northern 
Chesapeake Bay: a narrow band between the surface and 10 cnf, 
and a broad layer below 40 cm. The maximum, concentrafions 
of iron observed in the interstitial water, consistently between 








“the atmosphere and was manipulated under nitrogen. The 1,000 
- three orders of magnitude greater than the concentrations 


second squeezer of each pair was removed from the nitrogen — 





carbonate alkalinity and phosphate with depth in the inter- 


observed in anoxic sediments by other investigators’’. These 
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Fig. 2 Interstitial water chemistry at station 2, 38°56’08"N and 
76°25'18" W: water depth 12 m. Figures a to fare plotted as a 
function of depth below the sediment-water interface. 
a, Fe2+ (ug atom 1); b, Eh (mV); c, pH; d, reactive phosphate 
(ug atom I~); e, PS2-: f, carbonate alkalinity (meq i); g, equi- 
librium among siderite, vivianite and interstitial water. The 
activities on the plot were calculated from the concentrations 
using an ion-pairing model and the Debye-Huckel equation. 
The speciation of all known inorganic ion pairs of importance 
was computed as a function of ionic strength from published 
stability constants; in this treatment, therefore, the activity of an 
jon is the product of the concentration of the free, uncomplexed 
ion and its individual activity coefficient. é 
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unusually large concentrations may be due to the unique 
characteristics of the sediments of Chesapeake Bay or to the 
lack of sufficient oxidation protection in previous investigations. 
Between 2 and 5 cm below the sediment—water interface the 
strong positive iron gradient probably results from the equally 
strong negative Eh gradient. Between depths of 5 and 10 cm we 
can pinpoint no single unambiguous cause for the rapid de- 
crease in the ferrous iron concentration, since the concentrations 
of sulphide, phosphate, and carbonate, all increased rapidly. 

The analytically determined concentration of a dissolved 
species consists of the free ion concentration plus the concen- 
trations of that species present in ion pairs and soluble 
complexes’®. The product of the free ion concentration and the 
appropriate activity coefficient yields the activity of the species. 
Our computed activities of carbonate and phosphate are 
plotted in Fig. 2g, in which the line represents the theoretical 
equilibrium between siderite, FeCO,, and vivianite, Fe,(PO,): 
8H,O (refs 16, 17). The close correspondence between the data 
points and the equilibrium line suggests that in these pore waters 
the activities of Fe(II), carbonate, and phosphate are co- 
dependent. Further, the close negative correlation between the 
Fe(II) and sulphide distributions suggests that sulphide may be 
controlled by iron in these iron-rich sediments. 

In anoxic sediments, therefore, the distribution of Fe(II) in 
the interstitial water can be a sensitive indicator not only of 


general redox conditions but also of the chemical equilibria of 


certain nutrients. We conclude that the handling of anoxic 
sediments and the analysis of iron-rich pore waters must be 
carried Out in an inert atmosphere if accurate results are to be 
obtained. 
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Spirorbid — algal stromatolites 


MODERN stromatolites may be formed in certain environmental 
settings by several different processes and organisms’, although 
they are predominantly produced by blue-green algae. Algal 
Stromatolites occur in the Lower Triassic Bunter formation 
(Buntsandstein) in the Krosno Odrzanskie region of western 
Poland. Spirorbid tubes often occur in the immediate vicinity 
of these stromatolites (Fig. 1), which are usually found un- 





attached. Because spirorbid tubes are generally attached to 
Fig. 1 Photomicrograph of organodetritic carbonate. Fossils are 
predominantly spirorbids. Some spirorbid tubes form oolitic nucle: 


Scale bar, | cm. 


submerged objects, mainly shells and pelagic and sedentary 
algae?, such unattached occurrences seem to indicate that the 
spirorbids lived on algae. 

Associations of stromatolites and spirorbids* or serpulids* 
have been found before. Garwood? mentions that in the 
Lower Carboniferous Main Algal Series of Tuedian Beds in 
Cumberland and Roxburghshire, the surfaces of small domelike 





Fig, 2 Photomicrograp& of spirorbid and algal-built stromatolites 
Larger stromasolite fragments are fund in any position. Subse- 
quent algal laminae on the top of the debris. Scale bar, 1 cm 








Figs. 3 a and b Photomicrograph of spirorbid and algal-built 
stromatolites. Scale bar, 1 cm. 


‘protuberances’ (stromatolites?) are frequently encrusted with 
adherent tubes of Spirorbis. Spirorbids also occur within the 
Bunter stromatolites (Figs 2 and 3). The stromatolitic struc- 
tures developed on spirorbid tubes, and the detritus may 
contain small amounts of spirorbid fragments. As a rule, 
however, spirorbids occur in great number inside stromatolites 
(Figs 2 and 3) which are built not only by algae but also by 
spirorbids themselves. In contemporaneous worm-—algal 
stromatolites from the Persian Gulf® burrowing worms build 
mounds which may be coated with algae but the worms do 
not enter into the framework of the stromatolitic structure. 
The unique nature of spirorbid—algal association in the 
Krosno Odrzanskie region is best explained ag resulting from 
the particular environmental conditions prevadent during the 
deposition of the Bunter stromatolite-bearing rocks. The 
Bunter algal stromatolites originated in upper subtidal and 
lower peritidal zones. Stromatolites only occur sporadically 
in the upper peritidal zone. Tidal influeyce on sedimentation ì$ 
reflected in changes of strématolitic structures. These can best 
be interpreted as resulting from repeated periodic events: 
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influxes of coarse sediment, commonly evident in stromatolitic 
sequences, could have resulted from periodic catastrophic 
erosion and deposition. Crust-building communities lived 
in such tidal marine environments. Flakes and chips of stroma- 
tolites are common in the interareas of stromatolitic structures 
(Fig. 2). Larger stromatolite fragments also occur as clumps 
which have been rolled and are found in any position, commonly 
on their sides or upside down (Fig. 2). On top of the debris later 
colonies of algae may develop (Fig. 2). Stromatolitic intraclasts 
and characteristic sequences of stromatolitic structures indicate 
a high energy environment. 

The spirorbid—algal community therefore seems to be an 
ecological adaptation to a rather high energy environment. 
The spirorbids probably reinforced the structure of spirorbid- 
algal stromatolites, which were therefore more resistant to the 
erosional effects of waves and currents than were ordinary 
algal stromatolites. 
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Infrared Zimm plots for macromolecular 


characterisation 

THE light scattering method is an accepted procedure for the 
measurement of the molecular weight (M) and the size of 
macromolecules in solution. This information is most readily 
available for particles the major dimension (€) of which is of 
the order of the wavelength (A) of the light incident on the system. 
Provided that they are not too optically dense, such particles 
satisfy the conditions 

| m—1 | <l and 2r% | m—1 |<] 
ma 

and are described in terms of the Rayleigh-Gans—Debye’'* 
(RGD) scattering theory. In this equation, m is the ratio of the 
refractive index (nm) of the solute to that of the solvent (no). 

If the particles are relatively small in comparison to A (that 
is ë < 2/20) then the simple Rayleigh™* theory is applicable 
but no information is obtained about the particle size. Alterna- 
tively, if the particles are too large the scattered intensity becomes 
an oscillating function of 8 and complicated interference 
effects occur. For this case, a general solution has been 
developed’, but only for spheres. 

With the improvement of sources and detectors which operate 
in the infrared, it is possible to increase the wavelength of 
scattering experiments so as to bring some particles which 
exhibit interference peaks in the visible region into the realm of 
the RGD theory, at least over a restricted angular range. 
Measurements can then be made on readily modified commercial 
apparatus and the data can be analysed according to the straight 
forward Zimm plot? method. The radius of gyration (S) and 
M can then be directly determined, even with polydisperse 
samples. An alternative procedure’, that of measuring at 
extremely low angles 6 to the forward direction of the incident 
beam, requires a purpose built apparatus. 

We are at present engaged in a study of the scattering from 
aqueous suspensions of bacteria, with dimensions typically 
of the order 1 —2 um. Preliminary studies on Serratia marcescens 
provide an example. Figure | shows that this system exhibits 
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a lar scattering p ks in the visible spectrum, even at the 
a “lowest values. of 0 ble to a commercial scattering instru- 
ment. The source of our scattering photometer, a SOFICA 
4200, was replace: iby a continuous working Nd°+ YAG laser 
which operates at 4=1-06 um. The detector was replaced by a 
combination of an infrared converter tube (type EMI 9606) and 
a 13-stage photon plier (type EMI 9635QB). Infrared- 
sensitive photo fiers are a simpler alternative to this 
arrangement. TI ht trap was modified so that measurements 
could be made up to 610° and an oscilloscope was used to 
record the photomultiplier response. These are all relatively 
trivial changes. The Zimm plot (Fig. 2) was then obtained from 
data for four different dilutions of the bacterial suspension. 
The experimental precision was commensurate with that of 
visible scattering experiments. 



















10° 


10°} 


la (arbitrary units) 


104 
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O (degrees) 


Fig. I Part of the angular scattering profile for S. marcescens 

in water. Data for X==436 nm and.a suspension concentration 

of 2-410 g ml. Oscillations are present even at low 
angles. The factor a=sin®@ (1 +cos*@)"1. 


A value of 0-18 was assumed® for the refractive index in- 
crement (""/q-), necessary for the interpretation of the plot 
intercept, This value is strictly for the visible region of the 
spectrum and does not vary much with wavelength provided 
that no absorption band exists between visible wavelengths 
and 1-06 um. This was verified experimentally. We are develop- 
ing a method for the direct measurement of (®/4¢) in the 
infrared region. From Fig. 2, values of Mẹ=10x 10" and 
st a 34 am were determined. The latter is e toa 




























(Ke/Ry) x 107! 


(sin? $42.13 x 105c) x Ho? 


Fig. 2 Zimm plot for S. marcescens at i= 1-06 
stock concentration of 4-7 x 10°? g mi>, The di 
follows; c,=C, cg=0-75C, cas =(- SOC, ty 


We therefore conclude that with the ad 
lasers and instrumentation it is possible to ad 
commercial scattering photometers to work Ba 
Provided that neither solute nor solvent are absorbin 
selected wavelength, particles which are too large to be 
through the RGD scattering methods in the visil 
the spectrum conform to the regular Zimm plot pro 
the incident wavelength is in the infrared. ` 
weights and sizes may then be evaluated with 

Finally, the method can be extended well . 
length of the present preliminary experimen 
by modifying the optics, the present ‘Oxy 
extended to the 10-6 um wavelength of the 
borne particles could then be studied. The co: 
increased wavelength and low angle measuremer: 
beneficial. 
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Fossils in melanges 

So-called ‘tectonic’ mélanges in many parts of the world seem 
to contain a disproportionately high number of fossils relative 
to the enclosing rocks. This is particularly true of mélanges in 
‘greywacke type’ terrains, in particular the Esk Head Mélange! 
in the otherwise sparsely fossiliferous Torlesse Zone of the 
Alpine Assemblage? in the New Zealand Geosyncline, the 
mélange belts of the Franciscan Assemblage of California 
(M. C. Blake, jun., personal communication), and the Liptrap 
Formation of southern Victoria, Australia. In addition, the 
fossils contained in mélange belts commonly contain shallow 
water forms, and in extreme cases even terrestrial fossils 
(D). L. Jones, personal communication). 

These facts alone seem to preclude postdepositional tectonic 
modification of part of a sedimentary sequence as the sole means 
of mélange formation. Rather, we suggest that the processes 
leading to the formation of at least some mélange belts resulted 
in the development of localised, specialised sedimentary 
environments during deposition, probably in shallow water 
and commonly accompanied by submarine volcanism. Con- 
tinuation of the same tectonic regime, possibly in an accentuated 
or modified form, then led to the formation of mélange belts in 
parts of the deposited, but only partly consolidated, sedimentary 
sequence, 

We fully support the suggestion® that the term mélange 
should be used only in a descriptive sense and that the prefixes 
‘sedimentary’ and ‘tectonic’ should be used with the utmost 
caution. 
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Light scattering from soap films 
Ir a strong light beam falls on the surface of a liquid, most of it 
will be reflected and refracted in certain directions, but a small 
part will be scattered in all other directions. This light scattering 
is caused by small surface ripples (corrugations) arising from 
thermal motion. The scattering intensity is proportional to 
kT/y, where k is the Boltzmann constant, T the absolute 
temperature and y the surface tension. In the case of a thin, 
free, liquid film (as found in soap bubbles), the scattered light 
also contains information about the interaction forces between 
the two film surfaces. According to the theory of Vrij', the 
second derivative, d?Fjdh?, of the interaction, free energy, F, 
between the two film surfaces, with respect to the film thickness, 
h, can be obtained in this way. i 

When electrical double layer and van der Waals forces are 
operative in the film one may write! d?F/dh? = Bk? exp (— Kh) — 
Aj rh’), where B is a function of the susface potential, K is tlfe 
reciprocal Debye—Hiickel thickness and A is the van der Waals— 
Hamaker constant. 
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Although a few results have been published’*, no measure- 
ments that would corroborate the theory in a completely 
satisfactory manner have ever been reported. Here we present 
some results for films drawn from a solution containing 8.2 x 
10°* M cetyltrimethylammoniumbromide (CTAB) and 8.4 
(weight) °% glycerol. Experiments were carried out on draining 
films (varying 4) at constant angles. From plots of In[d?F/dh? + 
A/(2nh*)] against A, the values of x were calculated. In the 
(very small) van der Waals term we used A = 6.28 x 10-7]. 
From the values of x, the electrolyte concentrations were 
calculated (Table 1) and compared with the concentration of 
the solution. The agreement between the two is good, in contrast 
with older experiments! where the calculated concentrations 
were up to 16 times too large. 


Sects plea ch Pa ae E nearer 
Table 1 Results calculated from the thickness dependence of the 
light scattering (h between about 70 and 90 nm). 





Angle of Angle of Concentration 
incidence observation « (m+) of CTAB 
(mol 1°) 
(°) (°) l 
60 55.0 9.78 x 10° 8.6 x 10 
60 54.0 8.70 x 108 6.8 x 10°4 
60 53.1 1.03 x 10° 9.6 x 10° 


annA neeaae 


After drainage of a film to constant thickness, we also studied 
the angular dependence of the light scattering. In Table 2 the 
observed scattering is compared with values predicted by 
calculation using the results of the dependence on thickness 
of the light scattering. It is clear that the experimental results 
fit the predictions very well. 

We conclude that the measurements of the thickness- and 


Table 2 Angular dependence of the light scattering 


Angle of Predicted light Measured light 
observation scattering ratio scattering ratio 
9 {x 10°) (x 10°) 
54 6.56 6.69 
53 5.86 5.37 
52 4.41 4.42 
51 3.68 3.78 
50 3.10 3.30 
49 2.64 2.66 
48 2.26 2.34 
46 1.69 1.78 
44 1.30 1.37 
4] 0.91 0.97 
37 0.60 0.63 


angle-dependent light scattering show that the light scattering 
theory is internally consistent. Further, they show the validity 
of the exponential thickness dependence of the electrical part 
of d?F/dh?. 
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Netherlands Foundation for Chemical Research (SON) and 
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Advancement of Pure Research (ZWO). 
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of molecular aggregates in liquid drag 
~ reduction by pol mers | 

SMALL quantities of certain polymers dissolved in a liquid 
can reduce considerably the frictional drag exerted by the 
liquid when it flows over a surface. This effect has been 

observed with various solvent/polymer combinations, but most 
investigations involve polyethyleneoxide (PEO), polyacryla- 
mide or guar gum in water, where the concentrations required 
are of the order of a few parts per million. 

Although the mechanism of this drag reduction is unknown, 
attention has generally focused on the role played by the 
individual polymer molecules. There might also be entangle- 
ments or aggregates of polymer molecules', especially in 
freshly prepared solutions?, and the breakup of these under 
shear, like the degradation of polymer molecules themselves?, 
may explain the frequently observed phenomenon of time- 
dependent drag reduction. But there has been little attempt 
to investigate these clusters, and most workers have been 
at pains to eliminate their effects. Recently, however, Hand 
and Williamst have shown that in drag-reducing solutions 
there is an ‘adsorbed-entangled’ layer of polymer molecules 
at the liquid/solid interface and have suggested that this is 
responsible for much, if not all, of the drag-reducing be- 
haviour. We report here studies® of the time dependence of 
drag reduction in solutions of PEO and polyacrylamide which 
provide new evidence for the existence of such aggregates 
and indicate that they can be much more powerful drag reducers 
than the individual polymer molecules. 
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Fig. 1 Typical torque-time curve obtained with ‘as received’ (un- 
sieved) material. Polyox Coagulant, 0.86 p.p.m., 840 r.p.m., 17° C. 


The apparatus consisted of a vertical tapered stainless steel 
disk of diameter 0.23 m revolving, usually at 840 r.p.m. in a 
tank of water of volume 0.58 m°, A dynamometer attached 
to the shaft of the disk enabled torque, and therefore drag 
eduction, to be measured as a function of time. The desired 
ntity of PEO powder was added below the water Surface 
3 uspension in isopropanol. Most experiments were 
out using Polyox Coagulant with a molecular weight 
j 5 x 108. : 
of a typical experiment is shown in Fig. 1. The 
the solid results in a rapid reduction of the required 








100 


Torque (° of initial torque) 














Time from start (min) 


Fig. 2 Torque-time curves obtained with sie 

figures refer to the BS sieve sizes, those i 

aperture in millimetres. a, below 22 (over 

c, 25-30 (0.55); d, 30-36 (0.46); e, 44-85 {0.2 

g, 150-300 (0. 079): h, over 300 (below 0.053). OyO AL 
0.86 p.p.m., 840 rpm, 17° C. 


torque which, after passing through a mini 
approaches an asymptotic value. This is 
the torque might have been expected to d i 
as the polymer dissolved. Experimeni -F 
samples (Fig. 2) show that for a given fina 
finer the powder used the lower the minin 
shorter the time taken to reach it; the ‘steady- 
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however, unaffected. The effect of polymer concentration 
using a powder of uniform particle size is shown in Fig. 3. 
In the particular conditions used the maximum attainable 
torque reduction was about 50%. This probably corresponds 
to complete flow laminarisation or some other hydrodynamic 
limitation, such as Virk’s maximum drag reduction asymptote’. 

On the basis of these observations it is possible to advance 
the following hypothesis. When PEO powder is added to 
water, the particles rapidly swell to form a relatively small 
number of gel-like entities which circulate with the liquid and 
possibly attach themselves to the disk surface. By the action 
of shear forces at or near this surface they are broken down 
into a much larger number of aggregates of entangled molecules. 
At any one time there will be a particular distribution of 
aggregate sizes, which will tend to a steady state at long times. 
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Fig. 4 Effect of disk speed (r.p.m.). a, 840; b, 720; c, 600; d, 420; 
e, 360. Polyox Coagulant, 30-36 mesh {0.46 mm), 0.86 p.p.m., 17° C. 


Thus, the mean aggregate size will decrease monotonously 
with time while the number of aggregates or free molecules 
will increase. As the ability of polymer molecule aggregates 
to interact with eddies and thus bring about drag reduction 
is presumably a function of aggregate numbers and/or 
relaxation time, for a given set of hydrodynamic conditions the 
drag reduction could pass through a maximum as the optimum 
size distribution was reached and passed. 

Strong evidence in favour of the aggregate hypothesis is 
provided by the effect of rotation rate on drag reduction 
(Fig. 4). It was found that the long-time valae of the drag 
reduction decreased as the rotation rate inereased. This 
observation runs contrary ta the most firmly established fact 
in the field, that drag reduction in a stable system increases 
with shear rate, and suggests that the equilibrium (long-time)” 
size distribution depends on the shear history of the solution. 
To test this idea, the appafatus described was used to shear a 
solution of PEO for 6 h at 420 r.p.m., after which the torque/ 


° 
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speed characteristic of the disk was measured. This charac- 
teristic (Fig. 5) was quite different from that in an identical 
solution which had been sheared for the same length of time 
at 720 r.p.m. The solution subjected to the higher shear 
exhibited less drag reduction, presumably because of the 
reduced size of the active molecular aggregates. 

Although these results could also be explained on the basis 
of molecular degradation, the effect of molecular weight 
(Fig. 6) supports the view that cluster formation and break- 
down, rather than degradation, is the dominant effect. Thus, 
for a given polymer concentration, decreasing the molecular 
weight of the PEO from 4x 10° to 6x 105 more than halved 
both the maximum and steady-state drag reduction, while 
PEO of molecular weight I x 10° gave no drag reduction at 
all. Although the variation in chain length is only 40:1, the 
use of the ‘entanglement coupling factor’® shows that the 
likelihood of chain entanglement in the highest molecular 
weight material is 7,000 times as great as in the lowest. 

If the effects observed were a result of degradation, 
starting materials of different molecular weights would be 
expected to degrade, after a long time, to the same average 
molecular weight, that is, the asymptotic value of the drag 


reduction would be about the same in each case; in fact, 
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Fig. 5 Drag reduction as a function of speed for solutions sheared 
at 720 (a) and 420 (b) r.p.m. Polyox Coagulant, 0.86 p.p.m., 17° C. 


Polyacrylamide of molecular weight about 5 x 10° exhibited 
similar drag-reduction characteristics to PEO, but the concen- 
tration required was somewhat greater. Guar and locust 
bean gums behaved differently, the drag reduction increasing 
with time up to an asymptotic value. The results obtained 
with PEO and polyacrylamide are consistent with the known 
tendency of many polymers to form molecular aggregates®. 

From the standpoint of drag reduction theory, the aggregate 
hypothesis provides an explanation of many of the anomalies 
reported in the literature for the PEO-—water system. On the 
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Fig. 6 Effect of molecular weight. Polyox, various grades, 30-36 

mesh (0.46 mm), 0.86 p.p.m., 17° C. a, WSR N-10 (molecular weight 

100,000); b, WSR 205 (molecular weight 600,000); c, WSR 301 

(molecular ‘weight 4,000,000); d, Coagulant | (molecular weight 
> 5, 000, ,000). 


practical side, it suggests possible economies in the use of 
polymers, particularly PEO, in recirculating and non-re- 
circulating systems; in the former the object should be to 
Stabilise aggregates, in the latter to obtain the correct size 
aggregates at the right time. 
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NaAlO, and NaFeO, Polymorphism — 
THE OE ES of NaAlO, and NaFe Ja is we 
Both oxides form ß and y polymorphs, and a 
crystal structures are known, the relationship be 
and y polymorphs has not been ET Tis. 
described here and from it a simple- 
for the By transformation is deduced. Mi 
half of the cations is necessary to complete | 
in either direction and this movement is res 
filled~empty tetrahedron jump, for each cation. 
morphisms may be summarised: 











NaFeQ,: a SY 
760°C 1010°C 
NaAlOo,: D =. y 
470° C 


An a form may also be prepared at high -p 
B and y polymorphs have ‘tetrahedral struct 
cations and oxygens are all tetrahedrally coordin 
form has an ordered rock-salt structure.) 
B-NaFeO, and $B-NaAlO, are isostructural. 
the basic wurtzite structure but with ordering of cat 
tetrahedral sites™?, This cation ordering causes a low 
symmetry from hexagonal P6,mc in wurtzite to or i 
Pbn2, in ß-NaFeO, A schematic (001) projectio 
structure (not drawn to scale) is shown in Fig, | 
cell contains two layers of close-packed OX¥g 
heights O and 1/2, and two layers of cations at he 
2/3 (ideally and ignoring differences in g 
cations for example those at 1/6 are coordina 
oxygens at 0 and one oxygen at 1/2. Thus, the 
all point upwards, along z; linkage of adiacent 
is by corner sharing only (Fig. 2a). 








yo Ne Fe 0, 


os 2 : 
C) Oxygen at 50 4; , Oxygen ato © Fe Nae 
=X we 


Fig. 1 Schematic projection of B-NaFeQ, and 
structures. The diagrams are not drawn to scale. 
in units of c/100 and b/100 respectively, ar aden 


B-Na Fe O, 


The structures of y-NaAlO, and y-NaFeQ, have 
determined directly, but they are isostructural with » 
tetragonal P4,2,2 (ref. 8). The structure of y«Lis 
determined independently by X-ray and neutron d 
single crystal and powdered specimens, respect 
structure has been described as a three-dimension 
linked tetrahedra’, its relation to cristobalite, < 
noted®, and it bas been described as a stuffed, disto 
balite structure®. 

I made a model of y-LiAlO, using cardboar 











“apparent (Figs 1 and 26). Rather buckled | y 
‘atoms occur, ideally at O and 1/2, which again s 
hexagonal clase packing. The cations are di 
both sets of available tetrahedral sites; that is, a 
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1/3, 5/6, but only half of the sites in each set are occupied (the set 
of tetrahedral sites at 1/3, 5/6in B-NaFeO,areempty). The cations 
at for example 1/3 are coordinated to three oxygens at 1/2 and 
one oxygen at 0 and so these MO, tetrahedra point downwards. 
The manner of linkage of the tetrahedra is different from that 
in B-NaFeO, in that the tetrahedra occur in pairs. Each NaO, 
tetrahedron shares one edge with an adjacent FeO, tetrahedron, 
and vice versa. The remaining linkages are by corner sharing. 

The ß and y structures may be classified using the nomen- 
clature of Ho and Douglas*:... Ps T, Ps Ty Pa... for 
B-NaFeO.; . . . Pa Ty; T; Pg Ta; TePe for y-NaFeO,. 
Pa Ps Pa ... refers to anion layers in hexagonal close packing; 
T}, T., indicate layers of tetrahedral sites which point up and 
down respectively, and T.; indicates that only half of the sites 
in that layer are occupied. 

The structural relationship between B-NaFeO, and y- 
NaFeO, is shown in Fig. 1. The oxygen arrangement is the 
same in both cases and half of the cations, both Na and Fe, 
occupy similar positions in the two structures. The remaining 
Na and Fe cations, however, occupy different tetrahedral sites 
in the B and y structures. 





Fig. 2 Schematic structural relationship between B-NaFeQ,.(a) 
and y-NaFeO,(b). A, B refer to a hexagonal close-packing 
sequence. 


Closer examination of the structural differences between 
B and y forms shows that the py transformation may be 
effected by a simple topotactic mechanism. Cations at 1/3 
in y-NaFeO, can move to 2/3 (as in B-NaFeO,) simply by 
jumping through their tetrahedron bases, that is, by passing 
between the three oxygens at height 1/2 to which they are 
coordinated. For each cation, the bond to the oxygen at 0 
must therefore break and a new bond to the oxygen at 1 will 
form. Similarly, cations at 5/6 can transform to 1/6 and vice 
versa, by moving through the triangular window of oxygens at 
height 0. The relationship between the structures, and the 
mechanism of transformation, are shown in Fig. 2. The f- 
structure igs shown schematically (Fig. 2a), with all of the 
tetrahedra pointing upwards, as is the corresponding y struc- 
ture (Fig. 25), with half of the tetrahedra pointing upwards and 
half pointing downwards, The y-» B transformation, written as 
pve Py: Tay Ty Pe Tu Tp Paes eee Pi Te Py Tae Pi os 
can be effected simply by inverting those tetrahedra which 
point downwards (Fig. 25), and vice versa for the B— y trans- 
formation. ” 

Studies on related oxides have revealéd several other sets of 
B, y type systems, For example, Li,BeSiO, and Li,PO, have 
low temperature B polymorphs and high temperature y poly; 
morphs which are related to, but not is@structural with, Band 

z è : $ . 
y-NaFeQO,. Again a close structural relationshippexists between 
the B and y polymorphs of each pair and a simple topotactic 

e 
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mechanism can be postulated for the B+>y transformation. 
These results will be described soon. 
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Cr**-cobaloxime electron transfer reactions 
Cosar complexes of dimethylglyoxime (CH,C:NOH.C: 
NOH.CH,), commonly known as cobaloximes, form alkyl 
derivatives with unusually stable cobalt—carbon bonds!'*. These 
are regarded by some workers as ‘model’ compounds for 
vitamin By, a biological alkylating agent, the action of which 
depends on the reversible formation of a similar Co-C bond”. 
Various mechanisms have been postulated for this reaction’. 
The mechanisms of transalkylation reactions undergone by 
cobaloximes are thus of great interest; such reactions have been 
investigated with Hg** (refs 7 and 8) and with Cr?* (ref. 9). 
For comparison we are studying the reaction kinetics of other 
cobaloximes with Cr?*. These are apparently electron- 
transfer reactions?*"!?, and should also be considered in the 
context of the large volume of work that has been done in that 
field. 

Using DH- to represent the mono~anion of dimethylgly- 
oxime, the simple cobaloximes are of the form {Co(DH).B,]*, 
in the case where B is a neutral ligand such as NH, or H3O. 
Neutral and anionic complexes are well known, with one and 
two anionic ligands respectively, and the alkyl complexes are 
usually neutral species of the type [RCo(DH),B]. In all 
cobaloximes the two dimethylglyoximato ions occupy a plane, 
and are linked by strong hydrogen bonds to form a pseudo- 
macrocyclic ligand with an N, donor set. 

We have established that in cases in which both axial ligands 
are NH, molecules, the cobaloxime is reversibly reduced by 
Cr: 


[Co (DH), (NH3)2] * + Cr’* - [Co (DH); (NH3)2] + Cr°* 


yw ol 


Co** + 2DH, + 2NH,* # [Co (DH), (NH3),]* 
O, 


Cobaloxime(l1), the reduced form, was indentified by its 
visible absorption spectrum, and the kinetics of the redox © 
reactions were monitored at 464 nm, where the product 
absorbs strongly. Cobaloxime(IID, regenerated by oxidation 
of the solution (in air), was isolated as the insoluble perchlorate 
salt, and microanalysis showed that no chromium was incor- 
porated. In strongly acid solutions (pH <1), aquation of the 
reduced species is rapid; this process is acid catalysed and has 
an equilibrium strongly dependent on [H+]. 
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The initial redox reaction obeys the rate law 


diCo! | | 
OO = kopslCr**] [Co™ } 
where kops = 40 + 780 [H*] (at 25° C) 


The precise mechanism of this reaction is not fully under- 
stood. Although there is no evidence for ligand transfer, nor 
for a binuclear complex intermediate, an inner-sphere pathway 
involving the binding of chromium to one or two oxime 
oxygen atoms cannot be entirely discounted. 

The rate depends on [H+] because cobaloximes act as weak 
bases, thus 


[Co (DH), B,]* + H,O 4? [Co (DH) (DH,) B,]?* + H,O 

The K, values for many neutral alkylcobaloximes have been 
determined!,’, and for these species are generally of the order 
of 3-4. For the cationic simple cobaloximes a lower value is 
expected because of the charge effect; our attempts to deter- 
mine K, values for the bisammino complex have so far been 
unsuccessful, but pH measurements in acid solution indicate an 
upper limit of about 0.5, and the linear dependence of the 
reaction rate on [H+], determined to [H+] = 0.7 M, implies an 
upper limit of about 0.2. There is now considerable evidence 
13. M that this protonation of cobaloximes leads to a significant 
change in structure: 


E 





O. {H-0 
* soo AS = 
= DOT 
a 
Ò H “ oe L = 
aor eee 6 OH OH 


Weakening of one of the strong hydrogen bonds of the 
pseudomacrocyclic equatorial ligands allows greater freedom 
of movement for at least two of the oxime nitrogen atoms 
relative to the cobalt ion. Thus the Frank—Condon energy 
barrier to the electron-transfer reaction, which results from the 
need for changes in coordination geometry on reduction of the 
metal ion, is greatly lowered. Endicott has suggested that in a 
similar case, in which the ligand is a true macrocycle, this is the 
major barrier to redox processes. The reduction of electron 
density around the cobalt ion when the ligand is protonated 
should also increase the rate of electron transfer to that ion. 
The combination of these two effects clearly far outweighs the 
decrease in stability of the ‘precursor’ ion pair, or complex, 
formed by the two cationic reagents, when the charge on the 
cobalt complex is increased. 

When alkylcobaloximes react with Cr?+, the rate also 
depends on the acid. Both terms in the expression for the rate 
constant are lower than those that we have observed and the 
protonated and non-protonated species react at virtually the 
same rate. 

If the cobaloxime is considered as a complex of Co'", then 
the observed reaction 

{[RCo(DH),H,O] + Cr?+ -> [RCr (H,O),}** + Co" 
is an electron-transfer process. As an inner-sphere reaction 
it would be unique in that the bridging ligand (for example 
CH,7~) has no lone pair available to coordinate to the reductant 
ion while bound to the oxidant. A process can, however, be 
considered, intermediate between inner and outer sphere, in 
which alkyl transfer accompanies electron transfer although no 
bridged precursor complex is formed. Alternatively the alkyl- 
cobaloxime can be regarded as a complex of Co", in which case 
the most plausible reaction mechanism is a bimolecular 
homolytic substitution at the carbon atom, an Sy, process. 
Both of these mechanisms are considered to be possible °. 

The absence of a rate increase on protonation of the alkyl- 
cobaloxime is however, inconsistent with the postulate of an 
electron-transfer process in this case, but it indicates a process 
in which the electron density at the Co ion is not greatly 
changed. (In this context is should be noted that only the 


* 
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non-protonated alkylcobaloximes react with Hgt irel 7). 
Consideration of the charge effect indicates that this is consis- 
tent with the formulation of that reaction as a net oxidative 
process on cobalt, although it may be expected that the diman- 
tion of the Frank-Condon barrier would ea m be 
effect in such a reaction. It is generally ag 
electrophilic substitution reaction at cart 

Further insight may be obtained fror 
redox potentials of the reagents involved. 
determined for both simple’® and alky 
Schrauzer and Windgassen?” report one-electron 
potentials for [MeCo(DH), HO] of ~1.7 and e- 
acetonitrile against Ag/AgNO, (0.1 M), moh wih — 0 
—1.44 and —2.42 for [Ca DH), (Py),]° under ihe same 
conditions. They conclude that the alkyl species are comp 
of Co", and report™ that the product of the first reduction is a 
Co! species!®. Honokabe and Yamazaki’ seem to a te 
the first cathodic wave to a Co™-Co' reduction, a 
discuss it subsequently in terms of a one-elect 
Their results do however agree on the value of the | 
wave potential, when corrected for different referer : 
According to Maki, the first half-wave potential of the 
bisamminocobaloxime is only 0.43 V more negative than that 
of the bispyridine complex. The methylaquo species thus has a 
reduction potential 0.6 Y more negative than the bisumenine 
complex. In the latter case, the reduction is reversible’, and 
can therefore be corrected for the reference onal ale to give a 
value for the standard electrode potential” 2 of 
Because E® for the Cr ?+/Cr°t couple is - OAL 
reduction by Cr?+ of any species with a redactor 
much more negative than that of the bisarmminoc 
thermodynamically, an unfavourable process. 1 
transfer process by which that complex reacts with the chromous 
ion is therefore unavailable to the alkyl complexes. 

We therefore conclude that it would be incorrect to regard 
the reaction of Cr?+ with alkyicobaloximes as a chromium 
cobalt electron transfer reaction. The simplest mechanism 
consistent with all of the described observations is homolytic 
substitution at the carbon atom. 

We thank the Royal Society for a grant towards the cost of 
equipment, and the Science Research Council for support (for 
M.G:S.). 
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xciton-like splitting in acridine 
dye—nucleic acid complexes 


= biological effects in which the interaction between the dye 
and nucleic acids have been implieated?*, 
l Lerman’s evidence based on the X-ray study and hydro- 
oo dynamic measurements of proflavine-DNA complexes re- 
=: mains the most persuasive for the intercalation model, that 
is the mass per unit contour length of DNA diminishes when 
complexed with the dye*®, Most recent information about 
nature of complexes in solution derives from studies of 
juilibria between free and bound dye in the form of bind- 
ig curves? (Scatchard plots). 
[n spite of several studies of complexes between the 
chromosomal stain quinacrine (QAC)*15, and nucleic acids, 
the molecular nature of the complex is not understood, 
Ve have now used ultraviolet absorption spectroscopy to 
ok for exciton-like interaction in complexes between QAC 
and DNA,’ poly(dAT), and poly (dG) -+poly (dC). We also 
` measured rate constants for quenching of the fluorescence 
of the complexed dye by iodide ion. 
_. The interaction of excited states of weakly coupled com- 
posite systems such as molecular crystals, dimers, aggregates 
and polynucleotides can be treated by the mole cular exciton 
modelis. The interaction between dy es and nucleic acids 
when the binding is strong (at high phosphate:dye (P:D) 
ios) can be treated similarly?®. In the simple theory, when 
only the transition dipole-dipole potential term is considered, 
gnificant interaction occurs if (a) there is a small energy 
ifference between interacting states, and (b) the inter- 
acting transition dipoles have latge transition moments. 
-On the basis of the intensity and energy of the transition, 
the S, absorption band of QAC (pH 7) (35,710 em (280 
nm) f = 1.15) is the only band which could possibly show 
significant exciton-like interaction (in addition to dispersion 
and other solvent shifts) with the polynucleotide transition 
at 38,460 em? (260 nm, f = 0.10). The other two bands, 
Sı at 22,470 em (445 nm, f = 0.18) and S, at 29,070 cm~ 
344 nm, f = 0.08) ought to show dispersion and possibly 
other shifts i in the complexes but. not exciton-like interaction. 
-To ensure complete, strong primary binding’, we worked 
h P:D ratios of at least 6:1 and usually 20:1. Con- 
sequently the strong 260 nm absorption in the spectrum 
f the polynucleotide which was unperturbed by bound dye, 
masked small changes in the QAC $S, transition. Therefore, 
we recorded the difference spectra of dye—polynucleotide 
solutions (sample beam) against identical polynucleotide 
- samples (reference beam) on our Cary 14 spectrophotometer, 
Figure 1 shows spectra of free QAC and difference spectra 
of QAC bound to DNA, poly(dAT) and poly(dG) + poly (dC). 
In the spectrum of QAC bound to DNA the 445 nm and 
© 844 nm bands of free QAC appeared at 455 nm (21,980 
> em) and 350 nm (28,570 cem?) respectively. These transi- 
tions showed dispersion shifts only. In the 260-300 nm 
region, however, two overlapping bands were observed 
290 nm (34,480 em) and 270 nm (37,040 em). If these 
. two bands are decomposed into their components, we obtain 
two bands with maxima at 34,480 em and 37,540 cm, 
oo The energy difference between these peaks (A) is 3060 cm~. 
>o- Thus A is larger than the energy difference between the 
unperturbed interacting states, AEs (38, 460-35,710 = 2,750 
em?) by.310 cem. 

Relative to an area of 1.15 for the ascillator strength, of” 
the S — 8, transition of? the free dye, we observed areas 
of 0.40 and 0.30 for the 290 nm and 270 nm components, 
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respectiv: ay, : for the spectrin: ol t e complex: A 


To COMPLEXES between cationic acridine dyes and nucleic acids 
are of considerable interest because of the wide variety of 


k a similar 
band pattern is observed with the QAC/poly (dAT) com- 
plex (Fig. 1b). Decomposing the two overlapping bands 
as before we obtained two bands at 37,815 em and 34,015 
em, giving A = 3,800 em, again larger (by 550 cm) 
than AEa = 2,750 cm, _ 25 

In contrast to the results with DNA and poly(dAT), 
the difference spectrum of QAC bound to poly (dG)- poly (dC) 
(Fig. le) contained only a single broad band in the region 
of the 280 nm absorption of the spectrum of free QAC. 

No noticeable change in the difference spectra was ob- 
served when the P:D ratio was varied from 50:1 to 5:1. 
However, when the P:D ratio was reduced from 5:1 to 1:1, 
the doublet became a broadened maximum at 280 nm, Since 
the low P:D region corresponds to that m which weak 
binding occurs?®, the absorption at 280 nm can be attributed 
to weakly bound or free dye. 

The dramatic difference in the 280 nm region of the 
spectra of free QAC bound to DNA and poly(dAT) is good 
evidence that the interaction between the S, state of QAC 
and its environment is not due to a simple dispersion shift. 

Since the interaction energy (310 em™) is smaller than 
the initial level separation (2,750 em) by almost an order 
of magnitude, the exciton model is not strictly applicable 
either. However, the transition moments are associated with 
broad bands rather than sharp lines and these bands overlap 
considerably (see Fig. 1). Therefore, resonance type inter- 
actions do oceur as in Forster energy transfer and this may 
account for the exeiton-like behaviour, that is the large 
intensity redistribution and pronounced band shifts and 
splitting. It therefore seems reasonable to attribute the two 


Absorbance 





Wavelength (nm) 


Fic. 1 Quinacrine-polynucleotide difference spectra. ——, 
Free quinacrine 155 x 10-5 M; ---—, guinacrine 1.55 x 
10-5 M and polynucleotide 3.1 x 10-4 M. a, Calf thymus 
DNA; b, poly(dAT); c, Bole a) - poly(dC). Difference 
spectra were run on a Cary 14 spectrophotometer (dis- 
persion == 20 A° mm!) using 1 cm cells at 23° C., The 
reference cell contained a concentration of polynucleotide 
equal to that in the sample cell which contained the 
quinacrine—polynucleotide solution. Identical maxima were | 
observed for reference optical densities of 0.6 (slits, 1 mm) 

and 1.85 (slits, 2.5 mm). i 
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Tanne 1 Fluorescence quenching of quinacrine and quinacrine / 
nucleic acid complexes by iodide ion 


hiregana aa A Aini heira TE 





kq X 10 Msg 


Ppl /Peft> rns corrected uncorrected 
QAC ł 4 7.8 mo 
QAC + poly(dAT) 0.4 20 0.19 0.20 
QAC + poly(dG) 
poly (dC) si 6 2.3 3.0 
QAC + DNA 2.1 10 1 12 





[QAC] = 2 x 10 M; P:D = 20:1. The solution was buffered 
at pH 7 with 0.01 M cacodylate. The ionic strength was maintained 
constant at 0.1 M by the addition of appropriate amounts of 
NaCl such that [C17] + {I-] = 0.1 M. The polynucleotides were 
purified by dialysis for 24 h. Calf thymus DNA was purchased 
from Worthington Biochemicals; poly (dG)-poly (dC) and poly 
(dAT) were purchased from Miles Laboratories. Fluorescence 
intensities were measured using a Farrand spectrofluorimeter 
exciting at 365 nm (bandwidth 5 nm) and monitoring at 490 nm. 
Lifetimes were measured by the TRW model 75A fluorescence 
lifetime apparatus. Rate constants were obtained from Stern- 
Volmer plots® of fluorescence intensity compared with liodide]. 
pl /dpf*? (=A) is the ratio of the quantum yield of the free 
dye to that of free + bound dye. The corrected rate constants 
were derived from values of 7,°/I, obtained according to”: 
PiP/Ty = [1 — Ch = a AVI a — A aA 
where Z is the fluorescence intensity, the superscript zero designates 
the fluorescence at zero iodide concentration; the subscripts f, 
b, Z + b designate free dye, bound dye, and free plus bound dye 
respectively; a is the fraction of bound dye (0.95). Ip,» are the 
observed values of the fluorescence intensity at various iodide 
concentrations, 


maxima which we have observed from the difference spectra 
as being due to two states formed from the dipole-dipole 
interaction between the $S, state of QAC and the S, state 
of DNA with intensity being stolen from the intense S, > S, 
transition of QAC. In the case of dipole-dipole interactions 
the interaction energy varies as r3, We conclude there- 
fore that the binding of QAC to poly(dG)-poly(dC) and 
to the other two polynucleotides is such that the distance 
of approach between QAC and the G-C base pairs is much 
larger than that between QAC and the A-T base pairs. In 
this sense, the observed splitting in DNA and poly(dAT) 
and the limiting P:D ratio of 5 at which the splitting is 
observed is fully consistent with the intercalation model. 

Since the more tightly wound G-C helix is less likely to 
unwind than the other two polynucleotides in order to ac- 
commodate the intercalating dve molecules, the different 
difference spectra observed for poly(dAT) and DNA dye 
complexes on the one hand, and the poly(dG)-poly(dC)- 
dye complex on the other supports the intercalation model 
in the former two polynucleotides. 

The constant shape of the Franck Condon envelope of 
the difference spectra when the P:D ratio was varied from 
50:1 to 5:1 demonstrates that the observed splitting results 
from highly localised interactions between dye molecules 
and their nearest neighbour. There is no evidence for dye- 
dye interactions in QAC-nucleic acid complexes. 

This conclusion suggests that the dye is more sterically 
hindered, and hence more shielded from collisions with 
molecules in solution, when bound to poly(€4AT) than when 
bound to poly(dG):poly(dC). A test for this was to examine 
the quenching of the fluorescence of the complexed QAC 
molecule by species such as iodide ions—a_ collisional 
process**. We would expect differences in the fluorescence 
quenching rate constant (k,) for QAC-poly(dAT) and 
QAC-poly(dG)-poly(dC) complexes. Fluorescence intensity 
values for quenching?? are less physically significant than 
Ka for they do not account for the significant variition in 
fluorescence lifetime of the dye in the different environments 
(Table 1). : 

In the three cases studied, Stern-Volmer?? plots were 
_ linear. Table 1 shows a significant variation in k, depending 
on the complex. We applied a correction?? to the observed 
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ką values in order to ensure that the differences observed 
were not due to a small amount of free dye festirnatec 











corrected and uncorrected values. 

The value of 4, for the free dye agrees with the ea 
diffusion controlled value in water?*. The polv (d AT 
complex had the lowest k, and poly (dG) ‘paly (df 
complex the highest. These observations confirm ot: 
terpretation of the spectroscopie experiments de 
above; that QAC is bound considerably closer Gntere: 
to A-T than to G-C base pairs in the polynucleotid: 

In summary, (1) we have observed exciton-like 
between the S, state of QAC and the lowest excited 
DNA and poly(dAT) with concomitant intensi y ra 
ton but have not observed this effect with GAC and 
poly(dG)'poly(dC); (2) we conclude that QAC is hh 
closer to A-T base pairs (possibly by intercalation 
to G-C base pairs in polynucleotides: (3) the pu 
portant interactions responsible for the splitting are ne ; 
neighbour interactions; (4) dye-dve interactions ate x gees 
gible in QAC-nucleic acid complexes. 


Coupled with theoretical calculations we believe that the 
exciton-like interaction could be quite important in wn- 


and 


ravelling the structures of acridine dye-nucleie acid 
similar complexes as they occur in solution. 
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Q a-Hydrazino-ornithine blocks net synthesis 
of putrescine but not of RNA and DNA 


Tue polyamines spermine, spermidine and their precursor 
 putreseine occur ubiquitously and in high concentrations in 
animals and plants?. Increased polyamine synthesis in animal 
-=c çells and bacteria precedes or coincides with enhanced RNA 





























formation, especially during growth stimulation, suggesting 
a. close relationship?. Ornithine decarboxylase (ODC), a rate- 
limiting enzyme in polyamine synthesis, has an extremely 
hort half life’. The early, large increase in its activity in 
lL cases of rapid tissue growth examined suggests that the 
ormation of its product, putrescine, triggers early enhance- 
ment of RNA synthesis during cellular growth. A critical 
est of this concept would be to block net putrescine and (or) 
jolyamine synthesis selectively and determine whether 
eleic acid synthesis is altered. Such a test might assess 
he role of putrescine as a potential modulator of growth 
in normal and neoplastic tissue. 

 a-Hydrazino-ornithine (HO) is a specific and potent im- 
bitor of ODC with Ki values of 0.5 uM and 2 uM for 
yacterial and mammalian enzymes respectively*°. HO in- 
bits competitively with both the substrate ornithine and 
he coenzyme pyridoxal phosphate. HO is 100 times more 
yotent an inhibitor of ODC than are other hydrazines and 
nhibits the pyridoxal phosphate-dependent glutamic acid 
and dihydroxyphenylalanine decarboxylases only 1% as effi- 
‘dently as it inhibits ODC**, indicating considerable selec- 
tivity for ODC. HO is relatively nontoxic, producing no 
gross behavioural abnormalities in rats in doses up to 2 
og kg? (ref. 5). We now report that HO effectively blocks 
“net putrescine synthesis in rat hepatoma cells (HTC) in 








Bi 1 Effect of a-hydrazino-ornithine on DNA and RNA 
: synthesis in rat tissues 





DNA (c.p.m.) RNA (ce.p.m.) 
Addition in HTC cells Intact liver Regencte tine 
| iver 
None 19,700 + 1,500 1,290 + 140 1,610 + 70 
ee (n= 3) (n = 4) (n = 4) 
o  @esHydrazino- 20,600 + 1,200 1.200 + 90 2,250 + 140 
eos ornithine (n = 3) (n = 5) (n = 5) 





HTC cells were collected and stimulated by dilution (1:5) 
with fresh growth medium in the presence and absence of a- 
hydrazino-ornithine (5 X 10-4 M). At 17 h, *H-thymidine (1 
pCi ml; 6-7 Ci mmol) was added and incorporation into 5% 
trichloroacetic acid (TCA)-precipitable material was measured 
in 1 ml aliquots of cells (25 ug protein) after a 1 h pulse at 37°C 
{methods as in legend to Fig. 1). DNA incorporation is expressed 
AS apm. + sem, per sample. The incorporation of 'C-orotic 
~-aeid (6.6 mCi mmol) into rat liver was measured in 5% TCA- 
precipitable material 10 min after intravenous administration of 
J] pCi of orotic-6-4C-acid®, a-Hydrazino-ornithine (200 mg kg!) 
-was given subcutaneously to sham operated and hepatectomised 
animals at operation and 4. h later; animals were killed 7 h after 
hepatectomy. Hepatic tissue was excised, quick frozen, weighed 
- and homogenised in 9 volumes of 0.32 M sucrose. Aliquots (0.5 ml) 
were precipitated by adding 0.3 ml of 20% TCA, and the pre- 
gipitate was washed with four successive 4-ml portions of 5% 
OTCA and two 4-ml portions of absolute methanol. The resultin 
- precipitate was dissolved in 1 ml of hydroxide of hyamine at 70°C 
-for 30 min and transferred with 1 ml of absplute ethanol to 10 ml’ 
of PCS solubiliser for scintifation counting. RNA incorporation 
x ana sa as ¢.p.m. + s.e.m. per sample (0.057 ¢@ wet weight of 
issue). 














22 Korsunskii, V. L, and Naberukhin, Y. I, Molec. Biol. Mos- 





culture and in the liver of intact rats, Doses of the drug 
which markedly reduce putrescine do not appreciably affect 
the synthesis of either RNA or DNA. 

The growth stimulus produced when high density HTC 
cells were diluted with fresh medium led to a marked 
inerease in putrescine (Fig. 1). This increase followed soon 
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Fic. 1 Influence of a-hydrazino-ornithine on putrescine 
levels (a) and RNA synthesis (b) in HTC cells. a, HTC 
cells were grown to high density (about 2 x 10° per flask) 
in monolayer in 75 em? Falcon flasks as described pre- 
viously’. Cells were collected by scraping, and diluted 
(final concentration about 2 x 105 ml-t) with fresh growth 
medium (10% foetal calf serum in Eagle’s minimum 
essential medium with Hanks balanced salts, supplemented 
with 100 U each of penicillm and streptomycin, and 
equilibrated with 5% CO, in air). Putrescine was analysed 
by an enzymatic~isotopic microassay!* in cell extracts. 
Aliquots (approximately 2.5 x 10° cells) were collected by 
centrifugation, washed twice at 4° with 10 ml phosphate- 
buffered saline, and disrupted by freezing and thawing 
four times in 0.25 mi distilled water. Protein was precipitated 
by heating at 95° C for 15 min and putrescine was assayed 
in the supernatant fluid. Results are expressed in nmol 
putrescine per mg cell protein, determined on aliquots of cell 
lysates by the method of Lowry et al.15 b, High-density HTC 
cells collected by scraping were diluted 1:5 with fresh medium 
and incubated at 37° C in 1 ml aliquots (final concentration 
2 x 105 cells per ml). ?H-uridine (1 aCi ml; 26 Ci mmol") 
incorporation was measured by a 1 h pulse at timed intervals 
after dilution. Cells were washed by centrifugation at 4° C 
with .three successive 5 ml aliquots of Hanks buffer, 5% 
TCA and absolute methanol. The final precipitate was 
solubilised in 0.5 ml of hyamine in methanol at 70° C for 
15 min, and the solution was mixed with 3 ml of absolute 
ethanol for scintillation counting. Uridine uptake is eg- 
pressed in ¢.p.m. incorporation per sample (average of. 
triplicate samples). ©, Cells without a-hydrazino ornithine; 
@, cells with 5 x 10* M a-hydrazino-ornithine. — 
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Fic. 2 Effects of a-hydrazino-ornithine on putrescine levels 
in intact and regenerating liver. a, Male rats (130 g, groups 
of three) under ether anaesthesia were nephrectomised 
bilaterally, with or without concomitant partial hepatectomy. 
Four hours after operation, animals received either saline 
(0.9% NaCl) or a-hydragino-ormnithine (75 mg kg, sub- 
cutaneous), and were killed 2 h later. Livers were quick- 
frozen and tissue was homogenised in 9 volumes of distilled 
water, Protein was precipitated by heating for 15 min at 
95° C and putrescine was measured in the supernatant. 
Results are expressed in nmol of putrescine per g wet 
weight of tissue. Bara above the columns indicate s.e.m. b, 
Intact. rats were killed at timed intervals after the sub- 
cutaneous administration of 200 mg kg a-hydrazino-orni- 
thine, and hepatic tissue was analysed for putrescine as 
outlined above. Results are expressed as nmol per g wet 
wt with vertical bars indicating 2 s.e.m. values. Open col- 
umns, saline; hatched columns, a-hydrazino-ornithine. 


after that of ODC activity, which reached a maximum 
after 4-6 h and then declined**. In the presence of HO, 
putrescine levels not only stopped increasing, but they de- 
clined. In these cultures ODC activity is completely in- 
hibited, although dialysis of tissue extracts to remove HO 
unmasks an enhancement of ODC levels*. The time course 
of a of i: unas into high-density monolayer 
sembles ‘that orel ae Tot. sv nehronised HTC cells 
in suspension®. [t is interesting that the synthesis of RNA, 
as reflected by uridine incorporation, was virtually unaffected 
when putrescine levels were substantially lowered by HO. 
‘H-uridine incorporation was unaltered im the presence of 
HO for periods up to 30 h. Because we did not measure 
specific activities of nucleotide triphosphate pools, changes 
in precursor uptake may have masked effects of HO on 
nucleic acid synthesis. 

In agreement with previous studies on synchronised HTC 
cells in suspension’, the high-density monolayer cells ex- 
hibited maximal *H-thymidine incorporation 18-20 h after 
stimulation by dilution with fresh growth medium. At this 
time there was no appreciable difference between cells stimu- 
lated in the absence or presence of HO (Table 1). 

In intact animals HO depressed hepatic putrescine levels 
about 50%, an effect which persisted for at — st 6h ( Fig. 2). 
In regenerating liver, HO prevented the 1.7-fold increase 
in putreseme usually elicited by partial ee 
(Fig. 2). Hepatic putrescine levels were higher in controls, 
nephrectomised to impair HO excretion and pernfit ad- 
controle (Fi ig. 2. right), which | is ear reer with reports 
that stress increases hepatic ornithine decarboxylase ac- 
tivity!?, In agreement with earlier data’, partial hepatec- 
tomy caused a 25-50% increase in liver RNA synthesis, 
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nephrectomised rats; 400 mg kg“ to nonnephrecte 
ats) failed to alter the apparent increase in RNA sy 
(Table 1). 

Thus both in HTC cells in culture and in regeneratme 
and imtact rat liver, HO effectively blocks net mitre 
formation. Neither RNA nor DNA synthesis is apy 
altered in HTC cells, and RNA synthesis is un: 
regenerating and intact liver. HO only partialis 
putrescine levels in our experiments. Conceivali 
plete depletion of putreseine might affect nucleic ac 
tion. Moreover, more refined techniques may 
fluences of HO on the synthesis of certain classes 
or DNA. Although we did not measure spern 
spermine, it is conceivable that their continued 
in the presence of HO could mediate enhanced nucle 
synthesis. However, blockade u E aai 
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hibits Sadao an P A 
nucleic acid synthesis!®?7, 

Our data indicate that enhanced ODC aetwity 
putrescine formation are not an indispensable signal 
new RNA and consequent DNA synthesis. Althoug 
creased levels of putrescine and presumably of polvan 
formation may not be causally related to new RNA 
thesis, the accumulated evidence’? still suggests that 
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Hormonal regulation: of presumptive — 
-mRNA in the fungus Achlya qmblséxucilis 


THE Oomycete fungus, Achlya ambisexualis, is one of the 
most primitive eukaryotes which differentiates in response to 
a steroid hormonet. Because it is fast growing, easy to manip- 
© ulate and can be induced to undergo differentiation in a rela- 
_ tively synchronous manner (the entire thallus acts as target 
cells), Achlya lends itself to studies of the molecular control 
of gene activation by hormones. 

Antheridiol, a sterol secreted by female strains of Achlya 
has been characterised from culture filtrates and synthesised 
from disnorcholenic acid?. The hormone is active at 6 x 107? 


gt when assayed with A. ambiserualis (strain E87)?, Addi- 
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of antheridial branches? which eventually differentia è “into 
the male sex organs (antheridia). Thomas and Mullins? 
postulate that a prerequisite for hormonal induction of 
antheridial hyphae 1s a localised softening of the cell wall by 
cellulase. They suggest that this weakens areas of the walls, 
through which protoplasm is foreed by the mternal turgor 
pressure forming the sex organ imifial. Their preliminary 
studies suggest that both transcription and translation are 
required for this process’. In animals steroid hormones can 
stimulate transcription of specific mRNAs which are then 
translated into proteins required for cellular differentiation®“. 

Recent studies have shown that mRNAs of higher plants 
and animals contain a sequence of polyadenylic acid (poly (A)) 
which is added to the 3’ ends of the molecules*-°, Only 
histone mRNAs lack a poly(A) moiety??. We have demon- 
strated in Achlya the presence of a poly(A)-rich class of 
cellular RNA. This is the most primitive eukaryote to date 
iù which poly(A) has been shown to be associated with 
presumptive mRNA. Furthermore, we have demonstrated 
that the sex hormone, antheridiol, has a considerable effect 
on the accumulation of this RNA during the early stages 
of male sex organ development. We have characterised the 
poly(A)-rich fraction and have demonstrated its similarity 
to the mRNAs of higher eukaryotes. 

Poly(A)-rich RNA has been demonstrated in the cellular 
slime mould, Dictyostelium discoideum’? and in the veast, 
Saccharomyces cerevisiae!.14_ The size of this poly(A) varies 
from 50 nucleotides in yeast? to more than 200 nucleotides in 
higher animals'5-17_ In contrast, Escherichia coli mRNA, so 
far as is known, does not contain any poly(A)#8. Two in- 
teresting questions are (7) do all existing eukarvotes possess 
some poly(A) associated with their mRNA, and (i) does the 


size of such poly(A) increase with phylogenetic complexity? 


We have found the size of the Achlya poly(A) moiety to be 
smaller than the poly(A) tracts found in animals and D. dis- 
coideum but similar to that of S. cerevisiae. 

Stock cultures of A. ambiserualis were maintained on 
Emerson’s YPSS agar (Difco). Asexual spores were prepared 
according to Griffin?®. A suspension of 1 x 10° spore cysts 
was inoculated into PYG broth (300 ml)!® and grown for 
24 h at 23° C until a finely suspended mycelium had grown. 
This was stored at 5° C or used immediately as an inoculum. 
A 25 ml sample of this was transferred to flasks containing 
275 ml of Barksdale’s mating media?’ and was grown for 
24-32 h at 23° C. Cultures were collected through four 
lavers of cheesecloth followed by washing with four volumes 
of ice-cold deionised H,O. 

RNA was isolated at 5° C by suspending 10-20 œ wet 
weight of mycelia in SSC (0.15 M NaCl, 15 mM Na-citrate, 
pH 8.3) 1% SLS (Na-lauryl sulphate) and an equal volume 


Fic. 1 The effect of antheridiol on the accumulation of 
RNA and protein during male organ initiation in A. 
ambisexualis. Total phenol-extractable RNA. Cells were 
exposed to continuous labelling conditions (10 „Ci ?H- 
uridine, specific activity 52 Ci mmol) from time zero in 
the presence (A) and absence (@) of 5 x 101 g mi 
antheridiol, Concentration of RNA was determined by 
Aw/Aw ratios. Radioactivity was determined on a liquid 
scintillation counter. B, Total hot TCA-precipitated pro- 
tein. Cells were labelled using steady state conditions 
(25 pCi mi? °H-leucine, specific activity 54 Ci mmol) in 
the presence and absence of hormone. Concentration of 
protein determined by Asm:/Ass ratios or by the Lowry 
procedure, C, Poly(A)-rich RNA accumulation. Cells were 
labelled using steady state conditions (10 «aCi ml`™) in 
the* presence (A) and absence (@) of hormone. Total 
RNA was extracted as described in the text and passed 
through a Sigma 38 cellulose column (Fig. 2). RNA con- 
centration and radioactivity were determined as described 
above, When indicated 10 aCi ml“ actinomycin D (— - —) 
(ref. 19) 25 ug mi cordycepin (—*—) (ref. 9) was added 
to the hormone-treated cultures. 
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Tarte 1 Base composition analysis of A. ambiserualis RNA 
from unmodified celhilose columns 

ee _ Base composition (°%) 

RNA fraction C G A U 





+ Hormone (bound) 17.3 21.5 33.5 27.5 
Vegetative control (bowid ) 16.6 20.5 34.3 27.8 
Unbound 7.4 23.1 29.4 29.9 


(both hormone and control) 





were collected from Sigma 38 cellulose columns (Fig. 2) made up 
{1% 8 2.5 volumes of 


of phenol, equilibrated with 50 mM Tris-HCl, pH 8.3. The 
mixture was then homogenised in a Willems polytron homo- 
geniser at the highest setting for 10 s. The aqueous phase 
was extracted three times with the Tris-washed phenol. This 
phase was made 0.3 M with respect to LiCl and the pre- 
eipitated RNA was washed twice in ethanol, dried and dis- 
solved in deionised H,O. 

To prepare partially purified nuclei, 30-50 g wet weight of 
tissue was suspended in SSC buffer containing 19%% SLS, and 
0.25 M sucrose according to the procedure of Jaworski and 
Horgen*!. The nuclear pellet (containing some mitochondria) 
was resuspended in SSC, 1% SLS and extracted with phenol, 
precipitated with ethanol and taken up in deionised H.O as 
described above. Polyribosomes were isolated according to the 
method of Lin and Key**, except that buffers were at pH 9.0. 
Polysome fractions were pooled and the RNA was extracted 
as described. 

In the presence of 5 x 10-12 g mb antheridiol at 23° C, 
antheridial branch initials are visible between 3 and 4 h after 
the addition of hormone. The incorporation of *H-uridine into 
total phenol-extractable RNA is shown in Fig. 14. The 
specifie activity of the total RNA extracted from hormone- 
treated cells increased (after a lag of 30 min) markedly for 
4 h, whereas control (vegetative) cell RNA reached a stea dy 
state 2-3 h after addition of the ?H-uridine. 

Figure 1B shows the effect of antheridiol on total protein 
accumulation. In the hormone-treated tissue a lag of 2-3 h 

ras observed before the rate of incorporation of #H-leucine 
increased considerably. Conversely, incorporation of 3H- 
leucine into protein in vegetative mycelia showed no de- 
tectable lag. | 

Total phenol-extractable RNA, from either the whole cell 
homogenate, nuclei or preparations of polysomes was passed 
through an unmodified Sigma 38 cellulose column?, and the 
poly(A)-rich fraction was eluted with deionised H,O ( Fig. 2). 
The fraction eluted with H,O ( cellulose-bound) was found to 
be rich in adenylic acid (Table 1). The cellulose-bound frac- 
tion from both the hormone-treated and vegetative mycelia 
had greater than 33.5% AMP residues (Table 1). This was 
in contrast to the adenylic acid content found in the re- 
mainder of the cellular RNA. These values are similar to 
those reported for other enkaryotes®:*7, 

The effect of antheridiol on the incorporation of +H- 
adenosine into poly(A)-rich RNA is shown in Fig. 1C. 
Antheridiol stimulated a three to four fold increase in the 
specific activity of the poly(A)-rich fraction after an initial 
lag period (2-3 h), whereas incorporation of label into the 
_poly(A)-rich fraction of vegetative cells showed no lag, 
- Inereased linearly, and reached a steady state after 3 h 
g. 1C). The enhancement of incorporation between 3 and 
_ & h alter addition of the hormone corresponds to the observa- 
tion of the appearance of male sex organ initials, Addition 

-A yein D causes a rapid decline in the specific activity 
oly (A)-rich fraction within 1 h (Fig. 1C), suggesting 






















that total poly(A)-rich RNA accumulation is 


la 
poly(A)°, rapidly inhibited the incorporation of “Hf 
into Achlya poly(A)-rich RNA (Fig. 1C). This s 
the mechanism for the addition of the poly(A} 
Achlya presumptive mRNA is similar to the 
operative m mammalian cells. 





were in fact measuring mRNA aecumulatior 
changes in nucleotide pool sizes, we compare 
of label into poly(A)-rich RNA with the effec 





ment of the total hot trichloroacetic acid (TCA) y 
counts was observed when compared with the 






incorporation into poly(A)-rich RNA. TI 
that antheridiol stimulates the accumuly 
the synthesis of an adenylate-rich fraction of ti 
This enhancement of the total specifie activity . 
fraction was observed whether the RNA was ise 
the total cell homogenate, from purified nuclei or 
ribosomes. 
During male sex organ differentiation ip A. am 
(E87), the external morphogenetic stimulus, 
activates the accumulation of a class of RNA, x 
messenger, which is required for the initiation o 
dial branches. The addition of actinomycin D ane 
cepin inhibits the accumulation of the messenge 
and also prevents normal morphological difere 
lar stimulation of mRNA synthesis by gest 
gesterone has been reported during chick oviduct ¢ 
ment. i 
H the poly(A}-rich RNA of Achlya is in faet 
then it would be expected that differing size 



































attempt to determine the relative size of the pel 
RNA from Achlya, polyacrylamide electrophoresis 
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Fic. 2 Chromatography of A. ambiserualis RNA on & 
38 cellulose. RNA was extracted in SSC, 1% SLS p 
tated in the presence of 03 M LiCl and taken up 
ionised HỌ (1 ml). RNA concentration and radios 
determinedeag in Fig. 1. The RNA was diwtèed to 
with 10 mM TrisHCI (pH 7.6), 500 mM KR : 
MgCl, and 400 Aæ units were applied to a 3 
column?$, The column was washed with the 
until the Aæ reading dropped below 6.02. Dei 
~vas then passed thyough the column to elute - 
rich RNA. [his RNA was either*used immedi 

up to SSC, 1% SLS and reprecipitated m ethagel 
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Fic. 3 Gel electrophoresis of A. ambisexualis poly(A)-rich 
RNA and RNdAase digestion product. A, *H-adenosine- 
labelled poly(A)-rich RNA was isolated as described in Fig. 
2 and reprecipitated with nonlabelled total Achlya RNA. 
Dise electrophoresis was performed using the procedure of 
Jaworski and Horgen?! in 24% gels. The gels were scanned 
with a Gilford linear transporter, frozen in dry ice and sliced 
with a Mickle gel slicer. The slices were solubilised with 
NCS (Nuclear Chicago) and counted in a Beckman LS-150 
scintillation spectrometer. B, 3H-adenosine-labelled poly (A)- 
rich RNA was digested for 30 min at 37°C in 10 mM Tris- 
HCI! (pH 7.6), 50 mM KCI, 1 mM MgCl, with pancreatic 
RNase (Worthington 568 ug ml"). The hydrolysed solu- 
tion was reprecipitated in ethanol with 100 ag E. coli tRNA 
(4.58). The precipitated polynucleotides were washed once 
in ethanol and taken up in electrophoresis buffer?!, The mix- 
ture of tRNA and Achlya poly(A) was layered onto a 5% 
gel and electrophoresed for 2 h at 6 MA per gel. Gels were 
scanned, sliced and counted as above. Similar results were 
obtained when cells were pulse labelled for 2 h with 15 «Ci 
mi- 82P, RNA was extracted from the 5 h hormone-treated 
cells or from vegetative control cells that had been labelled 
for 5 h. Both gave identical gel profiles. 


Sigma 38 cellulose-bound fraction with Achlya 26S, 18S, 5S 
and 48 RNA present as markers was performed. Figure 3A 
indicates that the poly(A)-rich fraction ranged from approxi- 
mately 308 to almost 48. These results are similar to what 
has been reported in other eukaryotic cells!617, 

To determine the size of the poly(A) tract we took 
advantage of the fact that polyadenylie acid is insensitive 
to hydrolysis by T, and pancreatic RNase A1637, After 
nuclease digestion and reprecipitation in ethanol, the Achlya 
poly(A) moiety was either subjected to alkaline hydrolysis 
or electrophoresis with Æ. coli 4.55 RNA as a marker. 

In establishing if the RNase-resistant material of Achlya 
consisted of polyadenylic acid, it was subjected to base com- 
position analysis after alkaline hydrolvsis. The value for 
AMP was greater than 90%. è 

Coelectrophoresis with Æ. coli RNA showed that the 
poly(A) segment in Achlya migrated more rapidly than the 


4.58 (25,000 daltons) marker suggesting a molecular weight® 


of approximately 16-18,000 (Fig. 3B),eThis means that the 

poly(A) segment of Achlfa presumptive mRNA is about 60 

nucleotides long. This is significantly smaller than the poly(A) 
e 
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tract in animal mRNAs*®4528) somewhat smaller than that 
found in cellular slime moulds?*, but very similar to that 
reported for yeast!*24£, It seems that evolution has resulted 
in progressively longer poly(A) pieces on the mRNA mole- | 
cules in organisms with greater phylogenetic complexity. 
The genus Achlya is a member of the most primitive group 
of eukaryotes that shows a developmental response to steroid 
hormones. We have demonstrated that in the male strain of 
A. ambiserualis (E87), associated with antheridiol stimulation 
of the development of sex organ initials, there is a corre- 
sponding effect of the hormone on the accumulation of a 


morphogenesis by turning on the synthesis of mRNA which 
is then translated into protein required for the differentiation 
of the male sex organ initial. 

We feel that Achlya provides a unique and valuable model 
system for the study of hormonal effects on development, 
both at the morphological and biochemical levels. 
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- Serological evidence of calicivirus 
transmission between marine and 
terrestrial mammals. 


THE recent isolation of two serotypes of San Miguel sea 
wo virus (SMSV), a calicivirus indistinguishable from 

esicular exanthema of swine virus (VESV), from California 
sea lions (Zalophus c. californianus) and Northern fur seals 
(Callorhinus ursinus) pots to: (1) the widespread distribu- 
tion of SMSV, and (2} the role of marine mammals as 
possible reservoirs of viral diseases of terrestrial animals}. 

The latter hypothesis has now been assessed further by a 
scrological survey for SMSV neutralising antibodies in sea 
lion and fur seal sera, collected in 1972, and in feral swine 
sera obtained in 1973. Individual blood specimens were col- 
lected from twenty mature female California sea lions on 
San Miguel Island, one of the Channel Islands off the coast 
of southern California. Further specimens were obtained 
from 120 immature (3-4-yr-old) bachelor bull fur seals from 
four hauling grounds, Reef, Tolstoi, Lukanin and Zapadni 
during the annual seal harvest on St Paul Island, a member 
of the Pribilof Group of Alaska. Blood samples were collected 
from eighteen feral swine during the annual hunt on Santa 
Cruz Island, another of the Channel Islands. After pro- 
cessing, serum specimens were stored at —20° C until tested. 

Vero cell monolayers, used for either neutralisation tests 
or production of SMSV viruses, were grown in Eagle’s 
minimum essential medium (MEM) supplemented with 5% 
foetal calf serum and antibioties (pemeillm 200 U mbt; 
streptomycin 100ug ml). Pools of the two serotypes de- 
signated SMSV-IMR and SMSV-2MR. were produced by 
collecting inoculated Vero cell monolayers 18 h after infection 
and then titrating the supernatant fluids for 50% tissue in- 
fective doses (TCID per 0.1 ml). The neutralising antibody 
test procedure was as follows. Serially diluted serum (in- 
activated by subjection to 56° C for 30 min) was mixed with 
equal volumes of virus suspension containing 100 TCID,, per 
0.1 ml, incubated at room temperature for 1 h, and 0.2 ml 
aliquots moculated into each of four tubes of Vero cell mono- 
layers per dilution tested. Inoculated tubes were then in- 
cubated stationary at 37° C and examined for cytopathic effect 
after 24, 48 and 72 h. 

All twenty of the female sea hons had neutralising antibody 
titres to SMSV-2MR and eighteen had antibodies to SMSV- 
IMR (Table 1). The two distinct SMSV serotypes were 
isolated originally from different sea lions sampled on the 
same day. This together with serological evidence of SMSV 
antibodies against both isolates, confirms the simultaneous 
presence of two SMSV serotypes within the herd. This is 
not regarded as unusual for VESV; outbreaks have been 
reported where different VESV serotypes, attributed to 
mutation*®, occurred in the same domestic swine herd within 
a short time. 

In contrast to the findings in sea lions, no serological 
evidence of SMSV-IMR. antibodies was found in northern 
fur seals on St Paul Island. This is puzzling because a virus 
serologically identical to SMSV-1MR was isolated from an 
emaciated pup from the Reef rookery on this island?. One 
possible explanation is that the serum tested in our study 
was collected from 3-4-yr-old bachelor bulls who, due to 
their social behaviour, remained isolated from breeding adults 
and newborn pups. This would suggest that SMSV-1MR. has 
been introduced recently into the fur seal herd on the Pribilof 
Islands. 

One-third (40/120) of the fur seal sera tested had 
neutralising activity against SMSV-2MR (Table 1). Animals 
with antibody titres were from all four of the hauling grounds 
sampled.. Although SMSV-2MR has not yet been isolated 
from any fur seals, permie evidence points to its past 
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Taste 1 SMSV neutralising antibodies in sea Hon, fu 
feral swine sera 
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10 7 g 
20 5 0 
40 5 Q 
} ] a 
SMSV-2MR 
<10 ü BO 
10 1 20 
20 2 K 
40 5 10 
80 7 2 
160 4 6 
320 ] { 


* No. of animals tested. 


occurrence in the herd. It is important, however, ¢ 
same serotype of SMSV infected herds af two 
species as far apart as the Santa Barbara Channel. 
Pribilof Islands. The annual fur seal migration fr 
in the Bering Sea to waters off the coast of sow 
fornia and the presence of a small fur seal rook 
Miguel Island, may account for the interspecim 
SMSV. | 

Feral swine on Santa Cruz Island have also 
with the same SMSV serotypes; five out of. 
specimens tested had SMSV-2MR and one. 
had SMSV-1MR neutralising antibodies. $ 
existed on the Channel Island for many ve 


beaches or scavenging on carcasses. The pr 
bodies in swine sera indicates that viral tr 
occurred. The age of the swine sampled was uni 
their weight showed that only heavier, presume 
animals had neutralising antibodies. 

The finding of SMSV antibodies in feral s 
mammals may throw light on the successi 
VES in 1932, 1933 and 1934 in domestic 
tion of SMSV and its endemicity in pinni 
that VES outbreaks in domestic swine herds 
a marine source. This coupled with the ot 
SMSV produces a vesicular disease characteri í 
in swine’, and the finding of similar vesicles on ` 
flippers further substantiates inter-species transmiss 
a marine to a domestic animal®*. Thus an exotic di 
swine thought to have disappeared 17 yr ago is now | 
to have been rediscovered in pinnipeds and eerta 
swine. 
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Distribution of adenosine triphosphatase 
during anaphase in cricket primary 
spermatocytes 


THE idea that an adenosine triphosphase (ATPase) may be 
involved in the generation of the force that moves chromo- 
somes comes by analogy with other motile systems?. In 
striated muscle, the ATPase is a part of heavy meromyosin?. 
It forms cross bridges with actin filaments, and is an ir- 
reducible component in the mechanochemical process*. ATPase 
is also present in nonmuscular systems, such as slime moulds’, 





Fic. 1 The cytochemical distribution of ATPase in meta- 
phase and anaphase primary spermatocytes from Acheta 
domesticus. ATPase is present in the stained areas (x 2,000). 
a, Metaphase: the stain is equally distributed in the cyto- © 
plasm and spindle, but heavier deposits occur in the bi- ¢ 
valents (B). b, Anaphasg: stain is ab&Sent in the interzope 
(1) between the separating dyads (D) but present in the 
chromosomal fibre regions, (C). 
Ka 
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Fic. 2 


Primary spermatocyte, metaphase, control: no stain 
is deposited in the spindle or cytoplasm (x 2,000). 


myonemesř, cilia and flagella®§, where it is essential for 
motilitv?-2°, 

An ATPase has been found in spindles isolated from sex 
urchins???) but it is dificult to decide whether the enzyme 
has a functional role or is a contaminant, for the very low 
specific activity present in the spindle is the same as that in 
the eytoplasm™. Other problems, such as the lability of the 
enzyme'-'§, or the possibility that the spindle’s force-pro- 
ducing mechanism is solubilised during isolation™ add to the 
difficulties. Furthermore, information necessary for the in- 
terpretation of spindle ATPase function cannot be detected 
in bulk spindle isolates, Such information would concern 
possible changes in the distribution of the same amount of 
enzyme within the spindle accompanying chromosome mo- 
tion. A cytochemical approach to this problem, using sper- 
matocytes of the domestic cricket Acheta domesticus, L., now 
indicates that the distribution of ATPase at anaphase differs 
from that at metaphase. 

We cultured spermatocytes as described beforet®, except 
that gelatin was incorporated into the medium to make the 
cells adhere to the coverslip to prevent their loss during 
cytochemical procedures. (A detailed account of the use of 
gelatin will be given elsewhere.) 

When the cultures were established, they were observed 
until the cells reached the desired stage of division. Then 
the coverslips bearing the cultures were immersed in a 
fixative containing: 1 part 2.5% glutaraldehyde and 0.002 M 
CaCl, in 0.03 M cacodylate buffer (pH 7.2): 9 parts 2.5% 
hydroxyadipaldehyde in 0.55 M sucrose buffered with 0.03 M 
cacodylate (pH 7.5), After 12 min coverslips were washed 
once in buffered sucrose (0.03 M cacodylate and 8.5% sucrose) 
at 0° C and pH 74 and then given two 10-min rinses in 
buffered sucrose at pH 4.0 (to remove soluble phosphate). 
They were stored overnight at 6° C in the buffered sucrose, 
pH 7.4. 

The fixed spermatocytes were treated by a modified Pady- 
kula-Herman method"’. Incubation in substrate medium was 
at 37° C for 1 h. To test substrate specificity, ATP was re- 
placed by 14 x 10 M ADP, GTP or ITP. 

After the cytochemical procedure cultures were mounted 
in glycerol and ringed with clear nail polish. Controls were 
parallel cultures incubated without substrate. Sulphydryl de- 
pendence was tested by incubation in cysteine-free medium 
containing 0.01 M p-hydroxymethyl benzoate (POHMB). 
Enzyme localisation was considered positive when a black 
stain was present after incubation in medium containing 
substrate but was not present in control medium (Fig. 2). 

Figure 1 shows the ATPase distribution. In the metaphase 
primary spermatocyte (Fig. la) both the cytoplasm and 
the sbindle area stained with the same intensity. The 
chromosomes and the Golgi, however, stained more heavily. 
When spermatocytes were in anaphase (Fig. 1b), the stain 
was not equally distributed throughout the spindle area— 
there was a clear area in the interzonal spindle region, be- 
tween the separating dyads, The stain, however, remained 
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in the chromosomal fibre region between the kinetochores and 
poles, and in the cytoplasm adjacent to the interzone. This 
difference in enzyme activity between the interzone and 
chromosomal fibre region persisted until the end of anaphase. 
The same pattern was found in secondary spermatocytes— 
equal distribution of enzyme activity between spindle and 
eytoplasm Im metaph ise and absence of activity in the inter- 
zone at anaphase. The stain remained undiminished in the 
chromosomes and other organelles, In control preparations, 
there were no differences between the interzones and half 
spindles under either bright field or phase contrast micros- 
copy. With ADP (Fig. 3a), GTP (Fig. 3b) or ITP, both the 
interzone and the chromosomal fibre regions were stamed 
In anaphase In the presence of POHMB. the whole cell was 
more lightly stained and the degree of contrast between 
chromosomal fibre regions and interzones was reduced mark- 
edly (Fig. 4a and b). The Golgi, however, seemed to be 
unaffected by the presence of this sulphydryl inhibitor. 

These observations on metaphase spermatocytes are con- 
sistent with those from the sea urehin™, in that the ATPase 
was distributed equally between the spindle and the surround- 
ing cytoplasm. They are not consistent with our failure to 
detect activity in spindles of root tip meristems’, This may 
reflect a difference in the two kinds of spindles (polar com- 
pared with apolar) But we used frozen sectrons of root 
tips, and have now determined that freezing denatures 
ATPase in spermatocytes. Thus our findings with root tips 
may have been artefacts. 

The differences we observed in the inaphase distribution 
of ATPase were probably not a direct result of poor fixation 
of the interzone. Activity was evident in the interzone when 
nucleotide triphosphates other than ATP were used, and 
the interzone seemed to be morphologically intact when con- 
trols were viewed under phase contrast microscopy. We can- 
not, however, rule out the possibility that the ATP solubilises 
the interzone. 





Fic. 3 The distribution of stain during anaphase when 
ADP and GTP replace ATP as substrate (x 2,000). a, 
ADP: primary spermatocytes, metaphase and anaphdse. The 
stain is deposited in the interzone (I) and in the chromo- 
somal fibre (C) regions of the anaphase cell (A). In the 
metaphase cell (M) the stain is evenly distributed in the 
cytoplasm and spindle area. b, GTP: secondary spermato- 
cytes. The stain is present in the interzone (I) and 
chromosomal fibre (C) regions during anaphase. 





Fic. 4 Inhibition of ATPase by POHMB in metaphase and 

anaphase primary spermatocytes (X 1,000) in ATPase 

determination in the presence of POHMB. Compare with 
V 


(b). b, The control for (a). Cytochemical ATPase deter- 
mined at the same time as (a) but without the imhibitoi 


The stain deposits are darker 


On the other hand, several facts suggest that the observed 
distribution of ATPase has functional S2nIcanes y us 
AT Pase is present chiefiy in the chromosom DTi TOTE 


which are thought to generate the polarised forces to movi 
the chromosomes or nonkinetochoric materials m anaphase’ 
Furthermore, ATPase is absent from the interzonal spindle 
where significant polarised forces are not SGP ae 
anaphase 19 and its distribution in metaphası 
follows the changes in birefringence believed 1 E ‘witl 
the production of spindle force? 

The spermatocyte ATPase is sulphydryl dependent, as 


heavy meromvosin@?, Actin-like filaments he een demon 
strated in the spindles of grasshopper spermatocyt und 
in the spindles and cortex of crane fly spermatocytes**** 
During anaphase these filaments are aligned parallel the 
chromosomal fibres, but in the interzone they have ran- 


dom orientation. Such orientation of actin filaments comeides 
with the reported distribution of ATPase and may explam 
the organisation of the ATPase in the 


region, If this were the case, then the inte) uon f actim 
and ATPase may be sufficient to generate forces that m 
part anaphase motion to chromosomes, and polamzed motion 
to nonkinetochoric materials. 
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-< Temperatu re immutability of adenyl 
yclase-coupled [} adrenergic recptors 







BSERVATIONS from several laboratories have suggested that 
~ the well established classification of adrenergic receptors into 
=æ and 8 subtypes is not immutable. Several groups have 
reported that in isolated perfused frog hearts, stimulation 
of cardiac rate and contractility by eatecholamines has the 
roperties of a classical 8 adrenergic response when experi- 
ients are performed at warm temperatures (25°-37° C) 
but of an @ adrenergic response when experiments are per- 
formed at cold temperatures (5°-15° C)!-3. At warm tem- 
peratures, the order of potency of agonists in stimulating 
hese preparations—isoproterenol >adrenaline> noradrenaline 
-i3 classical for a 8 adrenergic receptor. Similarly, effects 
f the catecholamines at warm temperatures are blocked 
y. propranolol but not by the æ adrenergic antagonist 
entolamine. When the same experiments are performed at 
amperatures below 25° C, the order of potency of agonists 
; reversed to that characteristic of a adrenergic receptors. 
Iso at lower temperatures a adrenergic antagonists such as 
henoxybenzamine and phentolamine block the effects of 
< adrenaline, whereas @ adrenergic antagonists such as pro- 
< pranolol are ineffective. Gradations of response can be 
< achieved by varying the temperature between 37° C and 
--10° C. Similar observations have been reported for the rat 
~heartt. Also in a dog heart-lung bypass preparation the 8 
eceptors seem to become ineffective at 15° C, whereas a 
receptors retain their effectivenesst. On the basis of such 
observations, Kunos et al. proposed that æ and 8 adrenergic 
receptors may represent allosteric configurations of the same 
ceptor macromolecule which could be modulated by among 
< other factors, temperature. 
<: During the past decade, many observations have supported 
~ the concept that the adenyl cyclase system in various tissues 
- provides an excellent biochemical model for study of the 
molecular properties of 3 adrenergic receptors®. In almost 
all situations where adenyl cyclase is stimulated by catech- 
olamines, the properties of this stimulation are those of 8 
adrenergic receptors. Of course, virtually all experiments 
- which have been reported have been performed at tempera- 
tures within the range of 30°-37° C. If, in fact, a and 8 
-adrenergic receptors merely represent temperature sensitive 
transitions in the state of a single macromolecule, then the 
ability of catecholamines to stimulate and of adrenergic 
= antagonists to block stimulation of adenyl cvelase should 
vary with temperature in a fashion analogous, to that re- 
-ported above. Accordingly, we have tested the,ability of « 
and @ adrenergic agonists and antagonists to stimulate and 
respectively block stimulation of adenyl cyclase in several 
-tissues from cold-adapted frogs, as well as from the hearts 
-of ‘several mammalian species, using a wide range of tem- 
. peratures. Our findings do aot support the contention that 
the adenyl cyclase-coupled 8 adrenergic receptors are easily 
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convertible to a adrenergic receptors when the temperature 
varies. 

Table 1 summarises results from several experiments per- 
formed with membranes prepared from dog and rat heart. 
In each case, stimulation of the adenyl evelase activity by 
catecholamines had the characteristics of a 8 adrenergic 
response at high (37° C) and low (15° C} temperatures, The 
B antagonist propranolol was an effective inhibitor of catech- 
olamine-induced stimulation of the enzyme and the « 
adrenergic antagonist phentolamine was ineffective under all 
the conditions examined, 

We next examined preparations from frog heart, since most 
of the evidence supporting the hypothesis of temperature 
conversion of B adrenergic receptors was obtained in this 
tissue. We had limited success however; using various condi- 
tions, we could demonstrate only marginal stimulation of the 
adenyl cyclase activity by catecholamines in preparations of 
frog heart membranes. 

But because the frog, which is cold blooded, seemed the 
most appropriate animal in which to test the possibility that 
the two forms of receptors are interconvertible, we have 
examined the properties of the adeny! cvelase-coupled 
adrenergic receptors present in the frog erythrocyte. These 
are known to be typical 8 adrenergic receptors’. 

As Figs 1 and 2 show, whether incubation was at 37° C or 
10° C the stimulation of the frog erythroevte evelase was 
mediated by classical 8 adrenergic receptors. The order of 
potency of agonists was isoproterenol >adrenaline > noradren- 
aline > phenylephrine. Moreover, the stimulation of the en- 
zyme by catecholamines could be blocked effectively by 
propranolol, a 2 adrenergic antagonist, whereas the a ad- 
renergic antagonist phentolamine was virtually without. effect. 
Similar findings were obtained with both summer and winter 
frogs, either warm or cold adapted. 





Taste 1 Effects of æ and 8 adrenergic agonists and antagonists 
on adenyl cyclase activity of canine and rat heart membranes 
at different temperatures 


Adenyl cyclase activity 
(pmol cyclic AMP generated) 








Additions Dog heart Rat. heart 
Agonist Antagonist membranes membranes 

37°C 15°C 37°C 15°C 
None None 63.0 51.8 23.1 15.2 
Isoproterenol None 141.0 76.7 39.7 24.8 
Isoproterenol Propranolol 63.1 49.3 21.8 15.9 
Isoproterenol Phentolamine 131.7 84.3 40.4 21.8 
Adrenaline None 113.8 86.9 36.6 24.8 
Adrenaline Propranolol 66.6 43.9 17.4 149 
Adrenaline Phentolamine 123.6 88.2 35.2 24.9 
Noradrenaline None 102.3 82.2 35.7 23.8 
Noradrenaline Propranolol 51.6 39.8 212 152 
Noradrenaline Phentolamine 110.1 77.7 35.1 23.9 
Phenylephrine None —- — 20.5 15.7 
Phenylephrine Propranolol _ mee 18.7 14.3 
Phenylephrine Phentolamine — — 24.6 19.45 
None Propranolol 56.5 39.1 22.1 18.4 
None Phentolamine 66.6 46.3 22.2 18.5 





Ventricular myocardium (0.8 — 1.0 g) was homogenised in 
20 ml of 0.25 M sucrose, 0.05 M Tris-HCl, pH 7.4 by ten strokes 
of a motor driven Potter-Elvehjem glass Teflon homogeniser. 
After filtration through cheese cloth, the homogenates were 
centrifuged in a Sorvall RC2B centrifuge for 10 min at 10,000g. 
Pellets were washed twice with the sucrose buffer and once with 
75 mM Tris-HCl 25 mM MgCl, pH 7.4, before being assayed 
for adenyl cyclase activity. Adenyl cyclase was determined using 
a modification® of Krishna’s method’. Incubations were for 10 
min at 37°C and for 30 min (canine heart membranes) or 60 min 
(rat heart membranes) at 15°C. Enzyme activity was linear for 
these periods of incubation at both temperatures. Reaction 
mixtures tontained the following reagents in a total volume of 50 
ul: 25 mM Tris-HCl, pH 7.4; 10 mM MeCl.; 1.5 mM ATP: 
49-59 pg of membrane protein; 0.1 mM cyclic AMP and an ATP 
regenerating system consisting of 5 mM _ phosphoenolpyruvate, 
40 ug mi~! pyruvate kinase and 20 ug mi~! myokinase. Agonists 
and antagonists were added to a final concentration of 4 X 10-78 M. 
The values shown are the mean of duplicate determinations. 
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Fic, 1 Response of frog erythrocyte adenyl cyclase to 
adrenergic agonists at (a) 37°C and (6) 10°C. Isoproterenol 
(@), adrenaline (W), noradrenaline (A) and phenylephrine 
(@). Blood from cold- adapted southern jumbo grass frogs 
(Carolina Biological, Burlington, North Carolina) was col- 
lected and the red cells were washed three times with saline. 
Cells were lysed in 5 mM Tris-HCl, pH 8.1, buffer and the 
membranes were centrifuged at 18,000g for 15 min. The lysis 
process was repeated three times. Membranes were finally 
suspended in 75 mM Tris-HCl, 25 mM MgCh, pH 8.1 by 
homogenisation. Adenyl cy clase was assayed as described 
in Table 1, except that assays were carried out at pH 81 
for 15 min at 37°C and for 60-90 min at 10°C. Cyclase ac- 
tivity was linear during these periods of incubation at both 
temperatures. Each sample contained 240-560 ug of mem- 
brane protein. In these experiments the mean basal enzyme 
activity was 285 pmol per mg protein. Maximal stimula- 
tion refers to activity observed in the presence of a maxi- 
mally effective concentration of catecholamine which was 
generally about five times the basal activity. Each value 
is the mean of four determinations. 


These findings suggest that the adrenergic receptors coupled 
to adenyl cyclase in mammalian heart as well as in frog 
erythrocytes are typical 8 adrenergic receptors, the charac- 
teristics of which are not altered at a wide range of tempera- 
tures. These observations do not seem to support the previous 
physiological observations reported and the hypothesis that 
8 adrenergic receptors are convertible to a adrenergic recep- 
tors when temperatures are lowered, especially in the tissues 
of the cold-adapted frog. It should be noted that we were 
unable to test specifically the validity of the hypothesis for 
the frog heart, the tissue for which the most data has pre- 
viously been reported. We cannot explain why only a marginal 
stimulation of frog myocardial cyclase activity was observed 
with catecholamines. As noted above, however, comparable 
changes in the specificity of ‘the adrenergic receptors with 
temperature variation have been reported for rat heart!, In 
rat heart membranes, we saw no alteration in the adenyl 
eyelase-coupled 8 adrenergic receptors when the temperature 
was lowered. 





aand 8 adrenergic receptors are, in general, easily e 





Our observations raise objections to the hypothesis? that 







allosteric forms of the same macromolecule. Altho 
data do not specifically disprove the hypothesis 
limited case of the frog heart, they do negate the hy : 
for the adenyl cyclase-coupled B adrenergic receptors of 
another frog tissue, the erythrocytes, as well as the mam- 
malian heart in several species. If should be noted that 
whereas previously reported studies involved 3 
preparations, our results were obtained exchisi 
cellular membrane fractions. Thus, it is possib 
apparent discrepancies m the results are due to a. 
ment for an intact cellular structure to mediate the on a 
in receptor specificity. The mechanisms involved im such an 
effect, however, are not clear. | 

It has not been shown definitively that 8 adrenergia eflests 
on the myocardium are mediated by adeny! evelase and e 
AMP®. Moreover, the function of the frog erythr 
adrenergic receptors is not known, Nonetheless, a 
strated here, the receptors which mediate effects : 
olamines on adeny! cyclase m each of these tise HS A 
B adrenergic receptors and hence represent a valic 
eal model of B receptors for studies such as these, 
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Fig. 2 Inhibition of catecholamine-induced soti 
frog erythrocyte adenyl cyclase by adrenergic ant 
at (a) 37°C and (b) 10°C. Propranolol (-———~); 
lamine (-~~-). The agonists were present at the í 
ing concentrations: isoproterenol, | « i0® M (e); g 
line, 1 x 105 M (#) and noradrenaline 1-5 x 107 
Methods of membrane preparation and adenyl cv 
are described in the legend to Fig. 1. Incubations y 
out at 37°C for 15 min and at 10°C for 90 mun. | 
contained 250-310 we of membrane protein. M 
sponse refers to enzyme activity, in the presen 
agonist, at the stated concentration. 0% maximum 1 
refers to activity in the absence of agonist, that i 
enzyme activity. In these experiments the mean 5 
tivity was 207 pmol per mg protein and the con: 
e of agonists used gave usually a two to three-fold stim i 
* over basal activity. The results shown are the mean of four 
determinations. 








+ 








ges a eS 


260 


M. G. C. is a recipient of a postdoctoral fellowship from 
the Medical Research Council of Canada and from the Gov- 
ernment of Quebec. R. J. L. is an established investigator of 
the American Heart Association. This work was supported 
by a grant from the National Institutes of Health and the 
American Heart Association with funds contributed in part 
by the North Carolina Heart Association. 

Marc G. Caron 
Rosert J. LEFKOWITZ 
Department of Medicine, Division of 
Cardiology and Department of Biochemistry, 
Duke University Medical Center, 
Durham, North Carolina 27710 


Received January 14; revised February 25, 1974. 


1 Kunos, G., and Szentivanyi, M., Nature, 217, 1077 (1968). 
2 seers G. A., and Jordan, C. C., Br. J. Pharmac., 38, 394 
1 i 
3 Boon, Sh Yong, M. S., and Nickerson, M., Nature, 241, 119 
1973). 
* Price, J. M., Swann, J., and Nayler, W. G., Archs int. Phar- 
macodyn. Ther., 168, 296 (1967). 
5 Robison, G. A., Butcher, R. W., and Sutherland, E. W., in 
Cyclic AMP, 146 (Academic Press, New York, 1971). 
6 Lefkowitz, R. J., Sharp, W. G., and Haber, E., J. biol. Chem., 
248, 342 (1973). 
t Krishna, G., Weiss, B., and Brodie, B. B., J. Pharmac. exp. 
Ther., 163, 379 (1968). 
8 Rosen, O. M., Erlichman, J., and Rosen, 8. M, Molec. 
Pharmac., 6, 521 (1970). 
® Sobel, B., and Mayer, S., Circulation Res., 32, 407 (1973). 


EE A a o eS ae SY OS SEE SE es 





Bacteroids in the ovaries of a tsetse fly 

Sympionts of Glossina previously described by Wigglesworth’ 
as Gram-negative intracellular bacteroids are located in a 
group of specialised cells, the mycetome, in the midgut. Their 
intracellular nature is well known from studies with the 
light! and electron‘ microscopes (see Fig. 4). Roubaud’ 
demonstrated bacteroids in the mycetome of the larval mid- 
gut of G. palpalis. He was unable to determine the mode of 
transmission, but suspected the involvement of the milk 
gland, as have other authors®®. Recent work on the ultra- 
structure of the milk gland has demonstrated that bacteroids 
occur extracellularly in the lumen of the gland’, thus adding 





Fre. 1 An electron micrograph of part of a young oocyte 
from the inactive ovary of a newly emerged fly. Note the 
numerous bacteroids (B) in the ooplasæ® which are clearly, 
distinguishable from the nfitochondria (M). A djviding bac- 
teroid (*) is also visible. GV, germinal vesicle. (x 7,000.) 
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Fic 2 A bacteroid in the ooplasm of an actively vitello- 

genic oocyte from the active ovary of a female 4 d after 

emergence. Note the fibrils and ribosomes in the bacteroid. 
(x 54,500.) 


support to the notion that transmission from one genera- 
tion to the next may occur through the secretions of the 
milk gland. Bacteroids have not, however, been located in 
the cells of the milk gland, and it remains uncertain whether 
this route of transmission is used. 

We report here for the first time the presence of intra- 
cellular bacteroids in the ovary of G. austeni, and suggest 
that their presence indicates the transovarian transmission of 
symbionts found in the larval and adult mycetome. 

The ovaries of mated G. austeni, reared by the procedure 
of Tobe and Davey® were fixed® on the day of emergence and 
every second day thereafter up to 28 d after emergence, 
thereby spanning two pregnancy cycles, Both ovaries of 
two or three flies were fixed at each time, and tissues were 
embedded in Epon-Araldite?®. Sections were cut on an LKB 
ultratome using glass knives, collected on uncoated copper 
grids, stained with uranyl acetate and lead citrate and exam- 
ined in a Zeiss EM9S electron microscope. 

Bacteroids were present in the cytoplasm of oocytes (Figs 
1 and 2) and nurse cells (Fig. 3) of the ovary throughout 
the reproductive cycle. Similar bacteroids were seen oc- 
casionally in follicle cells and sheath cells of the ovary. Their 
surface structure and internal morphology resemble Gram- 
negative bacteria’. They are oblong, approximately 2 pm 
long, and contain a fibrillar network and ribosomes, They 
are bounded by a plasmalemma, an intermediate layer, and 
an outer double membrane. In addition, a host cellular mem- 
brane surrounds the whole structure (Figs 2 and 3). Dividing 
bacteroids were sometimes observed (Fig. 1). The presence 
of bacteroids in ovaries from newly emerged flies from pupae 
received from the Tsetse Research Laboratory at Langford 
in Britain ruled out the possibility of the microorganisms 
originating as an infection due to the culture conditions in 
our laboratory. The bacteroids do not elicit degenerative re- 
sponses from the host tissues:, they were not found to be 
associated with lysosomes or autophagic vacuoles. Since the 
viability of the subsequent offspring from our flies was not 
affected, we can only conclude that these are normally occur- 
ring symbionts with some functional significance. Previous 
studies on oogenesis in tsetse flies'?* have revealed no 
symbionts, but the methods used gave insufficient resolution. 
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Fic. 3 Bacteroids in the cytoplasm of a nurse cell from 
a newly emerged female. Note the presence of host mem- 
brane (arrow) around the bacteroid. (x 39,500.) 


While ovarian symbionts may be important to the proc- 
esses of oogenesis or fertilisation’®, it is perhaps more likely 
that these organisms constitute a source for the symbionts 
of the larval and adult midgut. Certainly such a function 1s 
well known in other arthropods®. The symbionts present in 
the nurse cells may be transported through intracellular 
bridges to the oocyte, where they would be conveniently 
placed for localisation in the presumptive midgut cells of the 
embryo. The symbionts of the ovary are similar in structure 
to those in the midgut mycetome of the adult (Fig. 4), but 
are considerably smaller. Moreover, the midgut forms appear 
not to be enclosed in a host membrane*. However, the 
symbionts of the ovary resemble those of the midgut more 
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Fic. 4 Bacteroids in the apical cytoplasm of the mycetome 
of an adult female. (x 13,000.) 
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closely than do the microorganisms reported in the lumen 
of the milk gland’. 

Although we do not discount the possible role of milk 
in the transmission of symbionts to the larva, our findings 
provide concrete support for transovarian transmission as 
an alternative or parallel mechanism. This means of trans- 
mission from one generation to the next does not require 
the externalisation of the bacteroids into the lumen of the 
milk gland, and their subsequent penetration into the cells 
of the gut of the larva, While the presence of symbionts in 
the ovaries of the adult, and hence the possibility of trans- 
ovarian transmission, is clear, a decision as to whether the 
symbionts are the progenitors of those found in the mycetome 
of the larval and adult midgut awaits a detailed ultrastrue- 
tural study of their fate during embryonic development. 

We thank Drs T. A. M. Nash and A. M. Jordan of the 
Tsetse Research Laboratory for flies, and Dr S. 8. Tobe 
who maintained the flies and provided advice. Research at 
the Institute of Parasitology is supported by the National 
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Uptake of horseradish peroxidase by frog 
photoreceptor synapses in the dark and 
the light 


InpirecT evidence suggests that vertebrate photoreceptors 
decrease their release of a depolarising transmitter substance 
in response to the absorption of light. Vertebrate photo- 
receptors'-* and most horizontal cells** hyperpolarise in re- 
sponse to light and show an increased membrane resistance, 
In addition, transretinal currents that depolarise receptor 
terminals also depolarise horizontal cells™", Finally, mag- 
nesium, known to decrease transmitter release in neuromuscu- 
lar® and other synapses®, hyperpolarises skate’? and turtle™ 
horizontal cells. We now report more direct evidence that 
the photoreceptors are synaptically active in the dark and 
that this activity can be diminished by light. 

Active synapses can be labelled with macromolecular 
tracers. This has been established using horseradish peroxidase 
to study lobster neuromuscular junctions’*; by work with 
vertebrate neuromiiscular juncéions studied with peroxi- 
dase!®-1¢ and dextrans'®; by investigations of cultured central 
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Fic. 1 Phase contrast photomicrograph of a thick section 
of a retina exposed to peroxidase for 60 min in the dark. 
At R, a rod cell synapse is seen, made dark by its content 
of peroxidase reaction product; note the thin characteristic 
stalk (arrows) by which the synapse is attached to the nu- 
clear region (this latter region is not seen at this plane of 
focus). C indicates a cone cell synapse, also containing re- 
action product; as expected for this cell type, the synapse 
is quite close to the nuclear region (N). OS indicates the 
level of the outer segments. S indicates the level of the 
synaptic layer. The bar represents 10 wm. 


nervous tissue®, and by studies of neurosecretory systems". 
The essential findings in these studies and some related work 
(for review see ref. 9), were that synaptic terminals could 
be shown to take up tracers into small synaptic vesicles and 
other membranous structures when stimulated to release 
transmitters by electrical or chemical means, Uptake into 
synapses that were not active in transmitter release was 
slight. 

For the present work, isolated frog retinae were prepared 
by standard procedures and maintained under various condi- 
tions of illumination in either Ringer or Na-aspartate Ringer 
solution’?. Aspartate depolarises the postsynaptic membranes 
and thus isolates receptor potentials'*-*’. The retinae were 
placed in a chamber of an extracellular recording system so 
that we could monitor the electrical activities of the receptors, 
Horseradish peroxidase (Sigma Type II) at a concentration 
of 0.5% was included in the bathing medium. After suitable 
periods of exposure, the retinae were rinsed briefly in Ringer, 
fixed in 2.5% glutaraldehyde in cacodylate buffer, cut in 
small pieces, incubated to demonstrate peroxidase activity??, 
postfixed in osmium tetroxide, embedded in Epon and pre- 
pared for light and electron microscopy. C ytochemical con- 
trols, such as preparations incubated in a peroxide-free 
cytochemical medium or retinae never exposed to exogenous 
tracers but incubated in full medium, showed no reaction 
product. 

The synapses of frog photoreceptors appear to be active 
in the dark, When retinae were maintained in the dark for 
30-90 min, extensive uptake of peroxidase by the synapses 
was observed. This was readily detectable by light micros- 
copy of thick sections cut from the Epon blocks (Fig. 1) 
where reaction product is seen as dark brown diffuse or 
granular deposits within the synapses. It was often possible 
to determine whether a particular synapse belonged to a 
rod or a cone receptor by focusing up and down carefully, 
and thus following the cell from the synapseeto its outer 
segment. Furthermore, the position of the nuclews of the cell 
making the synapse also helped show whether it was a cone 
or rod synapse. Most rod nuclei are located in the distal 
layer of the photoreceptor nuclear region while cone nuclei 
are found in the proximal layer®*. (Mas of the green rod 
nuclei are also located amé@ng the cone nuclei. eThese cell, 
however, comprise only about 8% of the receptor population 
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while cones make up about 42% and red rods 50% ( ref, 23). 
In the electron microscope, most, if not all, the synapses 
from dark retinae were seen to have taken up peroxidase 
into numerous vesicles (Fig. 2). 

When retinae were maintained in the light (for 30-90 min) 
at an intensity that deereased rod sensitivity substantially 
relative to cone sensitivity, markedly fewer synapses were 
observed to have taken up extensive amounts of tracer. It 
was clear from careful light microscopy that many of the 
active synapses were of cone cells and many of the inactive 
ones were of rod cells. (It was impossible to designate all 
synapses as rod or cone because of such factors as mappro- 
priate plane of section. We are confident, however, that few 
rods had appreciably active synapses under these conditions.) 
In the electron microscope (Fig, 3), many synapses were 
observed to have contents of peroxidase comparable with that 
found in dark synapses (synapse A) while many others 
(synapse B), took up little tracer. Synapse A is quite close 
to its nucleus, indicating that this is probably a cone. 

Another procedure used is known to decrease the frog's 
rod sensitivity relative to that of the cones, but it does not 
require the continuous presence of light. Retinae were ex- 
posed for 5 min to very high intensities of light that bleach 
about 90% of the visual pigment**. The preparations were 
allowed to recover for 30 min in the dark and then for the 
first time they were exposed to peroxidase (for 30-45 min 
in the dark). Under these conditions, the rods of an isolated 
retina permanently lose sensitivity because they cannot re- 
generate their visual pigment in the absence of the pigment 
epithelium?>*%, Cones, on the other hand, can regenerate 
their pigment?® and recover nearly all their sensitivity’’. The 
results we obtained were similar to those found in the con- 
tinuous light condition. In the light microscope, many of the 
active synapses seemed to belong to cone cells and many of 
the inactive ones were from rod cells. In the electron micro- 
scope, the preparations were essentially similar to the con- 
tinuous light preparations (compare Fig. 3). 

The previous work on tracer uptake by neuronal syn- 
apses®™ 171° strongly suggests that such uptake reflects the 
membrane rearrangements attendant on transmitter release. 
As always, the presence of a tracer molecule could conceivably 





Fic. 2° Synapse from a retina exposed to peroxidase in the 

dark for 90 min. Reaction product is present in about 357% 

of the small vesicles. A few labelled vesicles are indicated by 

arrows; it may eventually prove of interest that some of 

these vesicles are clustered near the synaptic ribbons (R). 

Reaction product in extracellular space is seen at E. The 
bar represents 0.5 um. 
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Fic. 3 Synapses from a retina exposed to peroxidase in the 

light for 45 min. Synapse B shows reaction product at its 

surface (E) but only 3% of the vesicles are labelled. In 

synapse A, 30% of the vesicles show reaction product. Note 

the edge of the nucleus (N) abutting on the synaptic re- 
gion of A. The bar represents 0.5 um. 


alter the normal behaviour of the cells. However, our electro- 
physiological recordings indicate that the presence of peroxi- 
dase had little or no effect on the receptor responses. In 
addition, since the rods do not take up peroxidase in the light 
and bleach conditions, uptake cannot be explained as simply 
an artefact of the presence of the tracer. 

Thus, our findings indicate that, at least in the isolated 
retinae, the photoreceptors are synaptically active in the 
dark. On exposure to lights (continuous or brief high inten- 
sity) that have been shown to desensitise frog rod recep- 
tors**+:5°, rod synapses become quiescent but cone synapses 
remain active. If we make the reasonable assumption that 
synaptic activity is controlled by membrane potential, then 
our results are consistent with the evidence indicating that 
rod receptors are relatively depolarised in the dark and 
hyperpolarised during continuous light exposure®?.3*. How- 
ever, more than 30 min after light exposures that bleach 
substantial rod pigment, we found little or no rod synaptic 
activity while physiological experiments on skate** and fish®® 
retinae can be interpreted as indicating that synaptic activity 
returns fairly quickly to dark levels. Further work on poten- 
tial changes in the frog retina is needed to determine the 
time course of changes under the conditions we have used, 

Preliminary reports of these findings have been presented 
already**.*7, We thank Fe Reyes for technical assistance. This 
work was supported by a grant from the National Institute 
of Neurological Disease and Stroke and by a US Public 
Health Service training grant. 
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Human lymphocyte-dependent antibody 
mediated cytotoxicity and direct 
lymphocyte cytotoxicity against 
non-HL-A antigens 


EXPRESSION of the major transplantation antigens in humans 
is generally considered to be controlled by the genes of 
the HL-A region’*. Skin, kidney and bone marrow trans- 
plants usually survive longer when donors and recipients 
are HL-A identical than when they are not*®", However, 
the fact that grafts are still rejected with HL-A identity 
and negative mixed lymphocyte reactivity (MLR)®™ 
strongly suggests the presence of minor transplantation 
antigens. The major problem to date has been the develop- 
ment of in vitro assay systems to detect these antigens. 
Attempts to identify presensitisation of potential graft 
recipients to non-HL-A antigens have generally failed when 
they have involved testing for complement-dependent anti- 
body to donor cells**-48, On the other hand, there are re- 
ports of cytotoxicity, mediated by sensitised lymphocytes 
from multiply transfused patients, against non-HL-A anti- 


.gens'5.34_ We have now found that patients who have re- 


ceived mult#ple transfusions develop |ymphocyte-dependent 
antibody (LDA) as well as cytotoxic lymphocytes against 
non-HL-A antigens? These responses occur in spite of nega- 
tive MLR. 

Three patients, two males and a female, were studied: 
tavo suffered from’*aplastic anagmia and one from a pre- 
leukaemic State with pancytopoenia. They all received 
multiple blood and platelet transfusions from unmatched 







a S 


Family No. 


Father Mother | 
2 1, 8/2, 8 (10, W10/3, W10)* 
2 3, 7/23, W5 (2, W22/?3W17) 
3 3 W5/10W18 (10, 12/9, 22 


TABLE 1 - Family HL-A genotypes 


| Patient 
_ 2, 8/10, W10 
3, 7/2, W22 


3, W5/10, 12 
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Siblingst 
1, 8/10, W10; 
3, 7/2, W22; 
3, W5/9, 22 


2, 8/10, W10; 
3, 7/2, W22; 
3, W5/10, 12; 


2, 8/3, W10 
23, W5/?3, W17 





* Parentheses indicate a deduced genotype in a parent who was not typed. 
t HL-A typing was performed for families 1 and 2 by Dr P. Terasaki and the NCI Human Histocompatibility Typing Center maintained 
at Microbiological Associates, Inc. with identical results. Family 3 was typed only by Dr P. Terasaki 





Tapis 2 Mixed lymphocyte culture stimulation indices for 


HL-A identical siblings* 


hoki ete RAR RTT anann uana teagan ms a bet herr eaman aan TRL TR 


Responder Stimulator Ratiot 
Patient I Sibling 1.1 
Unrelated 5.8 
Patient 2 Sibling 1.0 
Unrelated 28.8 
Patient 3 Sibling 1.3 
Unrelated 7.6 





* MLR was performed as previously reported!*. There were 
2 X 105 responding lymphocytes per tube. Stimulating cells 
(2 — 10 X 105 per tube) were treated with mitomyein C. 

t Results are expressed as the ratio of d.p.m. in cultures stim- 
ulated with allogenic¢ cells to d.p.m. of cultures stimulated with 
autologous cells, that is A + Bm/A + Am. A ratio > 2 represents 
stimulation. Incubation time was 4-7 d and the ratio was deter- 
mined from the time at which the peak stimulation was achieved 
with that pair of individuals. 


_ donors and from their HL-A identical sibling. HL-A typing 
-odata (Table 1) demonstrated genotypic identity between 


each patient and sibling. 

_ Cytotoxicity mediated by sensitized lymphocytes and by 
_. LDA was measured by rapid release of “Cr as described 
before’®45_ Target and attacking cells were obtained by 
passing heparinised blood over nylon columns and by in- 
cubating nonadherent cells with Plasmagel. Target cells were 
treated with NH,Cl-Tris buffer to eliminate red blood cells 
and then were labelled with 5Cr (200-400 pCi given to 
107 cells for 30-60 min). To test for direct cellular cyto- 
toxicity, 5 x 104 %Cr-labelled target cells were incubated 
with 3 x 10° attacking lymphocytes (1 ml) in 35mm plastic 
dishes for 4 h on a rocking platform in a CQO, incubator. 
To test for LDA-mediated cytotoxicity, ='Cr-labelled target 
cells were incubated with serum containing LDA for 30 
min, and then washed by centrifugation. Target cells (104) 
were placed in dishes with 10° normal attacking lymphocytes 
(1 ml) (test group) or media alone (control group). After 
4 h the contents of the dishes were transferred to tubes; 
1 ml of cold balanced salt solution + 10% foetal calf serum 
was added and tubes were centrifuged (800g, 10 min). 
Aliquots were taken for counting of *'Cr release. Immune 
percentage lysis was calculated by comparing the 5tCr re- 
leased from target cells during the 4 h incubation with the 
maximum amount released by freezing and thawing target 
cells. The following equation was used to calculate immune 
percentage lysis: 


Average test 'Cr release — Average control "Cr release 


mannaa m mst eA AAAA AEEA DAN EA tert AAAA EAA eter rte Atti AAAA ve e arses 


Freeze-thaw Cr released — machine background 


x 100 


Standard error: 





1 E 1/2 
|| variance | test variance 
freeze-thaw | sample No. + |sample No.| control 
4Cr release group | | 


J 
Lymphocytes from each patient failed to be stimulated 

in MLR by cells from His other HL-A ideptical siblifig 

(Table 2). MLR tests were technically satisfactory as demon- 


+ 


strated by stimulation of these patients’ Ivmphocytes by 
cells from a third party. On the other hand, serum from 
each of these patients supported LDA-mediated cytotoxicity 
against target cells from his HL-A identical sibling and 
against third party target cells from a donor not matched 
with the patient for HL-A antigens (Table 3). LDA- 
mediated cytotoxicity against non-HL-A antigens was di- 
rectly proportional to the relative antibody concentration, 
and the activity was stronger against unrelated targets. All 
three sera were negative when tested against autologous 
freshly explanted lymphocytes (Table 3). These target cells 
were lysible in LDA reaction as demonstrated with LDA- 
containing serum from unrelated multiply transfused donors. 

The three pairs of donors were tested for direct lympho- 
cyte cytotoxicity, and in each ease the patient’s lymphocytes 
lysed ®'Cr-labelled target cells from the HL-A matched 
sibling and from an unrelated donor (Table 4). These at- 
tacking lymphocytes were not cytotoxic for autologous 
targets, thus demonstrating specificity. 

We have demonstrated that three patients who were 
supported by blood and platelet transfusions from their 
HL-A identical siblings developed LDA against non-HL-A 





Taste 3 LDA-mediated cytotoxicity against from 


HL-A identical siblings 


meee eee marae haar rth Wa pn al ruber sere ara ee pe perp serra perp 


targets 


Source Source Source Target cell 
of of of normal immune 
target. coating attacking damage 
Family lymphocytes*  serumf lymphocytest © lysis + s.e.§ 
1 Identical 
sibling Media Father-1 —0.6 + 1.7 
Identical 

sibling Patient-1 Father-1 10.1 + 1.1 

Father-1 Media Father-1 1.9 + 3.4 

Father-1 Patient-l Father-1 17.6 + 3.6 

Patient-1 Media Patient-1 —0.6 + 1.2 

Patient-1l Patient-1 Patient-1 O.8 + 1.6 
2 Identical Unrelated 

sibling Media donor 1.42 1.1 
Identical Unrelated 

sibling Patient-2 donor 20.2 + 0.9 
Unrelated 

Patient-2 Media donor 13+ 1.0 
Unrelated 

Patient-2 Patient-2 donor —~0.6 + 1.0 
Unrelated 

Patient-2 Patient-1 donor 15.6 + 0.7 
3 Identical Unrelated 

sibling-3 Media donor 1i+1.7 
Identical Unrelated 

sibling-3 Patient-3 donor 16.1 + 1.7 
Unrelated 

Patient-3 Media donor 1.0 + 0.8 
Unrelated 

Patient-3 Patient-3 donor 1.6 + 0.3 
Unrelated 

Patient-3 Patient-2 donor 50.0 + 0.9 








* The concentration of target cells was 10‘ per dish; all numbers 


identify a specific family. 


t Serum dilutions were: family1,1:20; families 2 and 3, 1:2. 
t There were 10° attacking lymphocytes per dish. 


§ Damage after a 4-h assay. Values were corrected for "Cr 
releases from target cells incubated in media alone. “Cr releases 
from antiserum-treated target cells varied between 7% and 30%; 
Cr releases from untreated cells varied between 6% and 138%. 
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cellular ONET against 


Tanis 4 Direct 
HL-A identical siblings 

















Source of Source of Target cell 
target attacking damage 
Experiment lymphocytes* lymphoeytest o lysis + s.e.} 
i Identical 
sibling- la Patient-1 22.3 4 4,1 
Identical Identical 
sibling- ta sibling-1b -0.4 + 0.8 
Identical 
sibling-1b Patieni-l 22.6 + 1.9 
Identical Identical 
sibling-1) sibling-la -J 9 d 1.5 
Father Patient-1 29.1 + 2.3 
Father Father -5.9 + 2.3 
Patient-1 Patient-! —~O.S + 0.4 
2 Identical 
sibling-2 Patient-2 S.04 + 0.7 
5 Identical Identical 
f sibling-2 sibling-2 1.9 + 0.6 
Non-identical 
sibling-2 Patient-2 13.2 + 1.0 
Non-identical Non-identical 
sibling-2 sibling-2 —O.5 + 0.9 
Patient-2 Patient-2 0.038 + 0.8 
3 Identical 
es sibling-3 Fatient-3 6.4 + 0.4 
Identical Non-related 
sibling-3 donor —1.9 + 0.7 
: ae were 5X, 10 Y target cells nee dish. poe refer to 


specific families, 

f Damage after a 4-h assay. Values were corrected for ‘spon- 
taneous’ "Cr release from target cells incubated in media alone. 
These spontaneous Cr releases varied from 5.6%% to 25.1% lysis. 
Media (Eagle’s essential) contained 10% Pee foetal 
ealf serum. 


antigens on their sibling’s target cells. In addition, these 
patients developed cytotoxic lymphocytes against cells from 
the HL-A matched siblings. Together with two other cases 
we described before!*, we have now five patients who demon- 
strated direct. cellular cytotoxicity against non-HL-A anti- 
gens. LDA and eytotoxic lymphocytes did not mediate 
damage to autologous target cells, demonstrating the spec- 
ificity of the assays. 

It was not surprising that lymphocytes from each patient 
were not stimulated in MLR when incubated with his or 
her sibling's cells, while patients’ lymphocytes were ad- 
equately stimulated by third party cells; cell donors pre- 
sumably shared the same HL-A-linked MLR genes. This 
suggests that HL-A-linked MLR gene differences are not 

= essential for development of cellular and humoral immune 

responses to transplantation antigens. In support of this 

concepts are results reported with humans?™?8, and dogs'®, 

involving transplants between siblings genotypically matched 

for major histocompatibility antigens and MLR negative. 

In the one human pair, a skin graft was rejected by the 

recipient?”. In a separate human study, severe graft versus 

host (GvH) disease developed in the recipient of a bone 

marrow graft!8. Likewise, six of sixteen dogs developed fatal 

GvH disease following marrow grafting?*. The recipient of 

the skin graft and the donors of bone marrow in all these 

cases were not preimmunized by blood transfusions. The 

i lity that MLR differences are not essential for cellular 

immune responses does not agree with reports that HL-A- 

ked MLR genetic differences are necessary for primary 

ọ-gerisitisation of human peripheral blood lymphocytes 

reneic transplantation antigens?®™?t, The studies 

wsitisation by both MLR and cell-mediated 

y tests. Perhaps the differences can be explained 
ur patients were hyperimmunised in vivo. 

melude that cellular and humoral immune responses 

velop im vivo in the absence of HL-A-linked MLR 

















| ——~ differences and detectable MLR. responses. 
targets from 













can be detected by lymphocyte-dependent 
by the existence of cytotoxic Ivmphoeytes, both” 
react with non-HL-A antigens. These minor hisi 
ibility. differences ean be detected mo tro a 4 
release assays, Thus transplantation behavieur acr 
histocompatibility antigens in vivo can now be s 
with an in vitro eytotoxie reaction, i 
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- Pial vessels transport of substances from 
cerebrospinal fluid to blood 


- CEREBROSPINAL fluid (CSF) is formed in the choroid plexuses, 
< in the ventricular cavities through ependymal walls? and in 
the subarachnoid space?*, Some authors®*, consider that 
subarachnoid fluid production constitutes 40% or more of 
the total secreted CSF, The formation of this subarachnoid 
fluid can be attributed to the pial vessels or be considered 
as a collection of extracellular fluid produced by the paren- 
chymal capillaries, passing to the subarachnoid space through 
the pial membrane. Endothelial cells of the respective vessels 
should possess specific transport properties if they produce a 
fluid which might be of similar composition to that formed 
by the plexus. Absorption of the fluid and selective transfer 
of substances from CSF to blood should also be accomplished. 
The aim of this investigation was to explore which of the 
two, pial vessels or parenchymal capillaries, was the prefer- 
ential route. 

By implanting a plastic ring on the pial surface, it is 
possible to create an isolated subarachnoid reservoir where 
substances under study can be placed®-*. By rapidly collecting 
successive samples from the sagital sinus blood, it should be 
possible to study the time course of the passage of substances 
in different experimental conditions’. If communication be- 
-tween the subarachnoid cup and the venous pial vasculature 
_ avere direct, the appearance of a substance in the sinus should 

be immediate, whereas if the route were from the sub- 
ehnoid cup to the brain tissue and then to the parenchymal 
: pillaries, the appearance should be delayed and probably 
= imfluenced by the varying degree of metabolism or binding 
of the substance with the tissue constituents. 

Mongrel dogs, under nembutal anaesthesia (30 mg kg”, 
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Fic. 1 Appearance of 3HOH in sagital sinus blood. At 
zero time artificial CSF containing the isotope®was poured 
into a subarachnoid cup and blood was collecteti in succes- 
sive samples. CO and @, Two experimental runs in the same 
animal with the pia intact. A third run((]) was made after 
removing the pia, placing =HOH on the naked cortex. In 
this case radioactivity was not detectable in the samples 
corresponding to the first 30-50 s. Applying a one-com~ 
partment analysis, the caléulated tıs for the cantrols were 
11 and 7 s, and for the run ‘without pia’, 347 s. 
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Fic. 2 Influence of removal of pia mater on the passage 

of t-3H-phenylalanine from a subarachnoid cup to blood. 

With the pia intact (—), the passage is relatively rapid 

(ha = 92 s), whereas without pia (~--—) no significant radio- 
activity was found in blood throughout. 


given intravenously) weighing 12 to 20 kg, were used 
throughout. For aecess to the sagital sinus, a lucite adapter 
with a plastic cannula was tightly screwed into a hole drilled 
in the skull. The animal was heparinised to allow dropwise 
blood flow which could be interrupted by clamping the 
cannula. A plastic ring, 2 em diameter, was placed on the 
pial surface of one of the hemispheres, the proximal border 
of the ring being 0.8 to 1.2 em from the sinus adapter. The 
leak-proof plastic cylinder was kept in place by an agar gel 
without exerting pressure on the brain surface. Merlis arti- 
ficial CSF®, pH 7.4, was used as a solvent for the tracer 
materials studied: "HOH (water), L-?H-phenylalanine and 
22NaCl. The radioactivity concentration in the cup varied 
from 12 „Ci ml (72Na) to 25 pCi mi (HOH). Na was 
run simultaneously with the tritium labelled isotopes. L-°H- 
phenylalanine was directly diluted in Merlis CSF (‘without 
carrier’, 2 uM L-phenylalanine CSF). The artificial CSF 
containing isotopes were poured into the cup and thereafter 
collection of sinus blood in successive tubes was made at 
intervals varying from 1 to 60 s. When the lapse was longer 
than 10 s, blood was collected only the last 10 s of the interval. 
The longest experiment lasted 10 min. Blood and cup samples 
were deproteinised with absolute ethanol and after centifuga- 
tion an aliquot of the supernatant. was used for radioactivity 
counting in a liquid scintillation spectrometer’. 

The results were expressed as blood to eup radioactivity 
concentration ratios against time, as shown in Figs. 1 and 2. 
Several experiments were performed in each animal, with a 
rest interval of at least 30 min between runs. Because of the 
varying characteristics of pial vessel surface in the animal 
preparation, blood flow, and so on, it is more convenient to 
introduĉe experimental changes in the same animal where 
adequate controls could be run. Blood pressure in the 
femoral artery and flow from the sinus cannula were measured 
during the experiments as an index of normal circulation. 
Some animals showing brain oedema with protrusion of the 
cortex through the pial cup, were discarded. 
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Tasim 1 Compartmental analysis of the tracer appearance curves 





ni a nba raaa aaa n ites ares arent tI 





HOH r-H-phenylslanine Na 
ty (8) r fyia{s) r biza 
8 0.91 (9) 19 0.99 (7) co 
5 0.99 (4) 14 0.97 (8) 7 
1S 0.99 (10) 20 0.99 (11) oo 
20) 0.99 (11) 22 0.96 (12) o 
15 0.99 (14) 30 0.91 (13) co 
i] 0.99 (3) 92 0.99 (7) o 
7 0.99 (3) 
28 0.99 (4) 
i4 0.99 (4) 
snes iii inners 
Results of the linear least square regression fit for each experiment 


to one animal. 


The rate of SHOH appearance in the sinus blood is fast 
during the first 30-50 s as shown in Fig. 1 (‘with pia’) 
probably indicating the passage of "HOH through the pial 
vessels from the cup to the pia and then to the blood. ®?Na 
placed simultaneously in the cup did not appear at all in the 
venous blood, indicating that pial vasculature is not perme- 
able to Na’. These results are similar to those obtained with 
the same cation introducing the tracer in the carotid’. The 
presence in parenchymal capillaries of a barrier imperme- 
nble to sodium but highly permeable to water, is indicated. 

The interpretation that the way of transport is through 
pial vessels during the rapid ascending part of the curve in 
Fig. 1 (‘with pia’) is reinforced by experiments in which the 
pia mater was removed after application of AgNO, 5% 
solution for 5 min. It has been demonstrated that such a 
procedure does not affect the viability of the underlying 
tissue®. With the cup on the naked cortex another °HOH run 
was performed (Fig. 1, ‘without pia’). No HOH appeared 
in the venous blood until the 60 s sample. In the absence of 
the pial vessels the only route available after 60 s would be 
from the cup to the brain tissue and then to the blood. 

Compartmental analysis of the data was performed assum- 
ing a one-compartment system (pia or brain tissue) with a 
constant input concentration which is the CSF in the pial 
cup. It can be seen in Fig. 1 that, as expected in this model, 
the blood concentration, b, raises approaching a plateau value, 
baas Therefore, a linear least-square fit of the experimental 
data was made according to the equation: In(1 — 6/O,.x) = 
— Àt. For data ‘with pia’ in Fig. 1, Ga of 11 and 7 s were 
calculated with a correlation coefficient r of 0.99 for both. 
For the run ‘without pia’, 6... was assumed to be equal to 
that in the control experiments and the estimated t;a was 
347 s, r = 0.95. All experiments were analysed in the same 
way, showing high correlation coefficients. The data are 
summarised in Table 1. The tı: for HOH was between 5 and 
28 s, with an average of 14 s. For ?2Na experiments in which 
no radioactivity could be detected, the t,,. was considered to 
be infinity, 

L-Phenylalanine, an amino acid with high rate of passage 
through the parenchymal capillaries when introduced through 





Taste 2 Influence of carrier L-phenylalanine (20 mM) on the 
passage of L-(3H) phenylalanine from subarachnoid cup to blood 





Dog 30 s 60 s 120 s 240 s 420 s 
i 133 95 60 48 43 
2 41 40) 38 46 50 
3 43 58 64 61 * 42 





‘Three animals were used. The values listed are % control radio- 
‘activity calculated as blood-to-cup ratio in the 20 mM run divided 
by that in the run ‘without carrier’. Both runs in the same animal. 

mes are intervals elapsed since the labelled solution was placed 
es in the pial cup. 


the carotid in the dog? or rat?® was chosen to investigate the — 











passage from the subarachnoid space to the bi ood. Fi 
shows a typical curve of blood appearance of 17H- 
nine ‘without carrier’ (2 aM t-phenylalanine m th 


weg 







‘without 
















































of the experiment. Results of the compartme 
the t-H-phenylalanine experiments ‘with pia’ are | 
Table 1. As for 3HOH, a high correlation coefiicion 
The ta values for five experiments averaged 22 s ant m & 
sixth experiment t; was 92 s. 

The possible transport saturation of L-phenylalanine was 
tested comparing the rate of appearance of r-H 
in sinus blood, when the cup contained "He 





ments are presented in Table 2, An im 
50% is apparent, indicating that a mediated 
is involved. A similar saturation phenome 
ance of L-leucine from the subarachnoid ` 
ported. In dog 1, the i-*H-phenylalanine 
first 60 s is higher for 20 mM t-phenyiala 
experiment ‘without carrier’. In this ami 
experiment. was performed after the con 
opposite order was used in dogs 2 and 3. 
labelled L-phenylalanine incorporated in t 
first assay, exchanges (or counter-transp 
L-phenylalanine of the second run, tner 
label appearing in the sinus. From 120 s 
effect is evident. 
Our results point to the participati 
the transfer of substances from the- 
blood. This transfer is selective for some s 
L-phenylalanine, and not for sodium for example. The 
port is susceptible to saturation by the substrate in t 
of the amino acid. These results are similar to the re 
the experiments on dog brain where the molecules wer 
duced through the blood’-®. Sodium, like sucrose, rems 
the vascular space in a single passage through th 
circulation, whereas water is extracted from the blood a 
completely’. u-phenylalanine, L-leucine and other 
amino acids cross the blood-brain barrier by a. 
transport mechanism®. We suggest that endothelial 
both pial vessels and tissue capillaries can maintain th 
ferential composition of the CSF and blood. 
There are several references pointing to the permea bil 

pial vessels to different substances’? * and to their pot 
ability to form and to reabsorb CSF. At least morp? 
cally, the secretory conformation of choroid plewuses - 
necessary for the formation of fluid. Perhaps ther 
function would be the active clearance of subst 
CSF, the production and regulation of the fluid 
being reserved to endothelial cells of all the cere! 
ture: pial vessels, parenchymal capillaries and. 
capillaries. 
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eplacement of acidic phospholipids by 
idic glycolipids in Pseudomonas diminuta 
SPHOLIPIDS are characteristic components of the membranes 
living cells, where in many cases they represent the major 
lar lipid components. The common phospholipids in Gram- 
gative bacteria are phosphatidylethanolamine, phosphatidyl- 
cerol and diphosphatidylglycerol’. Pseudomonas diminuta 
“TC 8545, however, contains high proportions of glycofipids 
d relatively low proportions of phospholipids when grown on 
| media or in submerged culture?. The glycolipids are 
cosyldiglyceride, a-glucuronosyldiglyceride and B-glucosyl 
4)-a-glucuronosyldiglyceride®, and the phospholipids are 
hatidylglycerol? and — 6-phosphatidyl-a-glucosyldigly- 
e*, It has been suggested that the acidic glycolipids (contain- 
lucuronosyl residues) might behave as substitutes for acidic 
ospholipids in the membranes of this pseudomonad*. Here 
lescribe ‘studies on the lipid composition of P. diminuta 
own in continuous culture in conditions of phosphate and 
gnesium limitation which support this suggestion. Moreover, 
conditions of poo limitation the cells contain barely 
tectable amounts (0.3 % of total polar lipids) of phospholipid, 
‘by suggesting that appreciable amounts of these com- 
ds are not obligatory for the maintenance of membrane 











ontinuous cultures of P. diminuta were prepared aerobically 
30°C: in a 600 ml chemostat constructed essentially as 
scribed by Baker*; the pH was automatically controlled at 
70 0.2 anda dilution rate of 0.2 h was employed, Media 
were prepared using a standard mineral base’ with the addition 
-of cystine (50 mg/l) and | ml/l of a solution of vitamins (40 mg 
-each of pantothenic acid, biotin and vitamin B, in 100 ml) as 
recommended previously*; the carbon source was ammonium 
acetate (4 g/l). Phosphate-limited media contained KH,PO, 
(25 mg/l) as the only phosphate-containing component and 
-. Magnesium-limited media contained MgSO, (8 mg/l). Samples 
_ (250 ml). of steady state cultures were withdrawn from the 
- chemostat vessel; the cells were collected by centrifugation, 
vashed with NaCl (0.85%) and freeze dried. 
-Lipids were extracted from dry cells with chloroform- 
nethanol (2:1, v/v) and the polar lipids examined by two- 
imensional thin-layer chromatography followed, by densito- 
netry*, The proportions of the polar lipids otained*from 
epresentative cultures of phosphate- and | magnesium-limited 
mostat growths are shown in Table 1. The chemical nature 
he individual lipids was indicated by their reaction with 
pecific spray reagents for lipid phosphates'* and a-glycols'*; 
he identity of each lipid wag confirmed by chromatographie 
- isolation and analysis of the products of hydrolysis as des- 














à ousia, In aiddition to: the expected t poli lipids 
a small amount of an unidentified component was detected; 
its staining properties on thin-layer chromatograms indicated 
that it was a glycolipid. 

The amounts of phospholipids in the phosphate-limited 
culture were extremely small; only a trace (maximum 0.3%) 
of phosphatidylglycerol was detected and phosphatidyl- 
glucosyldiglyceride was absent. The lipids of the magnesium- 
limited culture contained significant proportions of phospholi- 
pids, the overall lipid composition being similar to that of batch 
cultures grown in a complex medium (Oxoid Nutrient Broth 
No. 2). The greatly reduced proportion of phospholipids in 





Table 1 Relative proportions of individual polar lipids in phosphate- 
and magnesium-limited chemostat cultures of Pseudomonas diminuta 
(expressed as °% of the total polar lipid). 


Growth limitation 


PO,* Meg-+ 
Glucuronosyl diglyceride 33.0 27.0 
Glucosylglucuronosy! diglyceride 24.0 21.0 
Phosphatidylglycerol 0. 22.0 
Phosphatidylglucosyl diglyceride — 7.0 
Glucosyl diglyceride 40.3 18.0 
Unknown glycolipid 2.4 5.0 





cells grown in phosphate limitation compared with those 
grown in magnesium limitation supports Wilkinson’s suggestion 
that acidic glycolipids might have a similar function to acidic 
phospholipids in the membranes of some bacteria. This sug- 
gestion was also supported by the discovery? that in batches of 
Bacillus cereus T acidic phospholipids are partially replaced 
by an acidic glycolipid under certain growth conditions. 

P. diminuta is unusual in several respects; it can be disting- 
uished clearly by DNA homology studies from other psuedo- 
monads*, It has relatively smaller proportions“of phosphates 
in its cell envelope and is remarkable in that it does not syn- 
thesise phosphatidylethanolamine, an almost universal com- 
ponent of the membranes of Gram-negative bacteria’. It is 
possible that glucosyldiglyceride may behave as a substitute for 
phosphatidylethanolamine in this organism as an interrelation 
between this phospholipid and diglucosyldiglyceride has been 
established in the lipids of Gram-positive bacilli*’*°, Dipho- 
sphatidylglycerol is not synthesised by P. diminuta, P. pavonacea 
and P. rubescens*. In at least the first organism, phosphatidyl- 
glucosyldiglyceride might assume the function of diphos- 
phatidylglycerol; both of these lipids contain four fatty acid 
residues and thus show a superficial structural similarity. 

It is apparent, therefore, that the presence of phospholipids 
as major components of at least some biological membranes 
is not obligatory provided that other polar lipids, such as acidic 
glycolipids, are present. It is interesting that an acidic glycolipid, 
glucosyloxyoctadecenoic acid, has been found’? to comprise 
a much higher proportion (6%) of the total lipids of Aspergillus 
niger than does the sum of all the phospholipids (2%). 

These results suggest limited interchangeability between 
polar lipid types within substitution classes’? which are essen- 
tially based on the overall charge of the lipids. Acidic phospho- 
lipids and acidic glycolipids form a major substitution group 
and zwitterionic phospholipids, ornithine amides** and neutral 
glycolipids form another. 

“G thank Dr S. G. Wilkinson for suggestions. 
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New approach to study of oxygen transport in 
plants using chemiluminescent method 


THE possibility that roots are aerated by molecular oxygen 
transported from the shoots continues to attract attention. 
A number of methods have already been involved in the 
study of this phenomenon, namely, polarography'”, labelled 
oxygen*', enzyme investigations’, and electron micros- 
copy’~*. Nevertheless, the physiological role of this factor in 
the oxygen regime of the plant’s roots remains unresolved 
and the data obtained in different laboratories vary. 

ere we introduce a chemiluminescent method for 
tackiing this problem. The phenomenon of an ultraweak 
glow (UG), or biochemiluminescence, discovered by Italian 
scientists”, takes place in plant and animal tissues only in 
the presence of oxygen". We chose this glowing of the roots, 
or the lack of it in anaerobic conditions, as a test for the 
transport of oxygen from the shoots to the radical zone of 
the pumpkin. 

The roots of 25 pumpkin seedlings, 4-5 d old with 
expanded cotyledons, were submerged in Knop’s solution. 
They were about 7-8 cm long and the solution level came 
to about 0.5-1 cm above the point of root attachment to 
the shoot—the rest of the shoot remaining in air. The 
intensity of the root UG (450-650 nm with a maximum of 





h 


Ultraweak glowing 
(relative units) 


Time {h} 


Fig. 1 Ultraweak glowing of pumpkin roots in different con- 
ditions of radical zone aeration. a, Bubbling by air; b, bubbling 
-by Ns; c, stopping bubbling by N;. o=0=0m0, Noise of apparatus 
(background). 
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530 nm) was measured, mainly from the middle and | wer 
parts of the roots, by means of a quantometer apparatus. 
Experimental details will be described in full later. 

When air was bubbling through the solution, a UG of the 
root was seen but when nitrogen was bubbled through - the 
solution the intensity of the UG began to decrease Sharply 
and after 2 h had practically ceased (Fig. 1). Stopping the 
pas:age of nitrogen failed to change the picture even fhe ugh 
the shoots remained in air. Only the repeated bubbling of 
air through the solution led to a rapid increase af ‘the 
roots’ UG. 7 

It is worth noting that other investigators have de 
strated that in the pumpkin” and other mesophyt ia 
oxygen is not only transported from the parts of the plant 
above the ground to the roots but also partially flows. out 
from the roots to the environment. Further studies of the 
factors responsibie for these discrepancies are being made = 
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Cell-free studies of developmental changes in 
synthesis of o-foetoprotein and albumin in te 
mouse liver 


ALPHA foetoprotein («FP) is an «globulin present in foetal 
and early postnatal sera of various animal species. Bi 
normally detectable in adult serum by the immuno uii 
test, but in several pathological conditions, p 
primary hepatomas, the level of «FP increases to a 
level. The potential use of this phenomenon 
diagnosis of hepatomas has been explored. These a 
studies on «FP and other ‘foetal-tumour antigens’ 
reviewed regently’~*. 
In addition to the possible clinical application, «PP 
provide an unique opportunity for the understar 
relationship between embryonic development and 
transformation. It has been shown that «FP is syat 
it the yolk sac and liver, but the basic mechanisms for ë 
synthesis and its regulation are essentially unkown. TAIS 
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os synthesised | by 18 d ace iver 






sts of: «FP in sori liver extracts derived ean 
etal and postnatal mice. We describe here that such 
extracts can produce «FP and albumin in relative amounts 
-which vary depending on the stage of development of mice 
->from which the liver extract was prepared. 

-. Foetuses were removed from Swiss albino mice by 

caesarean section and killed by decapitation. The liver was 
-quickly removed and ground manually in a glass homogeniser 
jn 20 mM Tris-HCI buffer, pH 7.8, containing 5 mM MgCh, 
~~ 100 mM KCI, 6 mM 8-mercaptoethanol, 0.5 mM dithioery- 
<- thritol (DTE), 1 mM EDTA and 0.25 M sucrose. The homo- 
als one was centrifuged at 3,000g for 15 min and the 


0 25 
F raction No. 





= Fig. 1 Polyacrylamide gel electrophoresis of «FP and albumin 
-- produced by foetal liver lysate and their identification by 
immunoprecipitation. a, A lysate of 18 d-old foetal liver was 
neubated with 20 aCi each of 2H-leucine (1 Ci mmo!~}), *H-valine 
Ci mmol) and *H-phenylalanine (6.15 Ci mmol~’) (Amer- 
m/Searle, Oakville, Ontario), 0.025 umol each of 17 other 
no acids, i pmol ‘ATP, 0.3 umol GTP, 10 mol phospho- 
eatine, ‘and 50 ug creatine phosphokinase mi~? at 30°C for 

n. At the end of incubation the reaction mixture was 
fuged at 149,000g for 90 min. The pellet was resuspended 
ater, frozen and thawed and then sonically disrupted in a 
nson Sonifier at setting 5 for 5 min. This was then centrifuged 
49,0002 for 90 min and the supernatant was analysed by 
acrylamide gel electrophoresis (7% gel, pH 8.9) according 
Davis". The gel was stained with Amido Black, scanned at 
0O mp and then sliced into 2 mm fractions which were dis- 
ved in 30% H,O, at 60°C overnight. Radioactivity was 
ured using Aquasol scintillation liquid (NEN Canada, 
rval, Quebec), b, The sample shown in a was incubated with 
ybit antiserum against mouse aFP at 37° C for 60 min and 
nn at 0°C overnight. The precipitate was removed by cens 
fugation and the supernatant analysed by polyacrylamide gel 
rophoresis. c, The sample shown in a was incubated with 
shit antiserum against adult mouse serum (Nutritional Bio- 
emical Corporation, Cleveland, Ohio) as described in b. The 
Wecipitate was removed by centrifugation and the supernatant 
ae snalysed by polyacrylamide gel electrophoresis. Arrows indicate 
oe the carrier aFP and albumin bands. 























supernatant .was applied to a Sephadex G-25 column in 20 
mM Tris-HCI, pH 7.8, containing 4 mM MgCh, 55 mM, KCl, 
6 mM §&-mercaptoethanol, 0.5 mM DTE and 1 mM EDTA. 

The void volume fraction was incubated with radioactive 
< amino acids and other components necessary for protein 
‘synthesis as described in the legend of Fig. 1. 
co There was active protein synthesis in these conditions as 
< measured by hot trichloroacetic acid-precipitable counts. 
Preliminary analysis showed, however, that newly-synthesised 
-radioactive «FP was not released free into the supernatant. 
This suggested that aFP was synthesised by membrane- 
und polysomes and the completed polypeptide chains 
mained bound to the membrane or in microsomal 
rnae. Several treatments were tested to disrupt the 
mbrane structure. A combination of freeze-thawing and 












his purpose. This procedyre also permits the release of 
newly formed albumin from inside the microsom{l cisternae. 


cation was found to be among the most effective for e 


extract and “subsequently 
released by sonication is shown in Fig. la. Two main. 
radioactive fractions were observed which showed slightly 
lower mobility than carrier «FP and albumin. To identify 
these proteins the sample was divided into two portions; 

one received antiserum against «FP and the other antiserum 
against adult mouse serum (to precipitate albumin). These 
antisera possessed the required specificity to «FP and adult 
serum proteins as tested by double immunodiffusion and 
immunoelectrophoresis. 

After incubation, antigen-antibody precipitates were 
removed and the supernatant containing proteins not bound 
to antibody was analysed by polyacrylamide gel electro- 
phoresis. In the sample which received antiserum against «FP 
the faster-moving fraction remained as the major radio- 
active peak (Fig. 1b). In the other sample which received 
antiserum against adult mouse serum, the slower moving 
fraction remained as the major radioactive peak (Fig. Ic). 
This indicated that the faster moving radioactive protein was 
albumin and the slower moving protein «FP. 

Mouse «FP has been shown to exhibit microheterogeneity 
or several electrophoretic forms due to a variation in the 
amount of sialic acid residues’. As the sialation process is 
distinct from the synthesis of polypeptide chains it is possible 
that «FP produced in the cell-free system was not fully 
sialated and thus exhibited a lower electrophoretic mobility 
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Fig. 2 Polyacrylamide gel electrophoresis of proteins produced 
by liver lysates from foetal and postnatal mice. Conditions for 
cell-free protein synthesis and gel analysis are described in the 
legend of Fig. 1. a, 13-d-old foetus; b, 17- d-old foetus; c, 20-d- 
old foetus; d, 1-d-old mice; e, 3- d-old mice; f, 6-d-old mice. 


than carrier «FP. The exact cause for the slightly slower 
migration of radioactive albumin than carrier albumin is 
not clear at present, but a similar observation has been 
reported by others’. 

Figure 2 shows the synthesis of «FP and albumin in liver 
extracts from developing mice ranging in age from 13 d 
of gestation to 6 d after birth. It is seen that the synthesis of 
xFP decreased with time, whereas that of albumin increased. 
We found that, although the total radioactive proteins 
released by sonication varied from experiment to experiment, 
the % of FP and albumin and their relative amounts 
remained relatively constant. The molecular weight of mouse 
«FP, as estimated by sodium dodecyl sulphate (SDS) gel 
electrophoresis, was 70,000, which was similar to that of 
mouse albumin (unpublished data). The radioactivity in the 
aFP and albumin fractions shown in Fig. 2 is, therefore 
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directly proportional to the total amounts synthesised in the 
cell-free extracts. 

The changes in the synthesis of «FP and albumin shown 
above were calculated as relative amounts and are presented 
in Fig. 3. in the 13-d-old foetus, the synthesis of xFP was 
twice as active as that of albumin. The subsequent decrease 
in xFP production and increase in albumin synthesis showed 
that at about day 15 of gestation they were produced at 
about an equal rate. By the time the mice were born the 
sFP -albumin ratio decreased to less than 1:2. After birth, 
the synthesis of «FP continued to decline and seemed to 
cease after about one week as analysed by the present 
method. 

The level of albumin synthesis was remarkably high in the 
foetus of 13 d gestation. Analysis of the liver in the earlier 
gestation was not feasible because of its small size. 
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Fig. 3 Relative amounts of «FP and albumin synthesised by 

liver lysates from foetal and postnatal mice. The sum of the 

counts ona «FP and albumin peaks in Fig. 2 was used as 100% 
O, FP; @, albumin, Arrow indicates birth. 


The results described above show that the present cell-free 
system enables the analysis of relative synthetic activity for 
«FP synthesis and albumin production in the liver at various 
stages of development. The observed shift in the synthetic 
activities with maturation is in agreement with the changes 
in their total serum contents based on immunological 
analysis’. It is likely, therefore, that the present cellfree 
synthesis of «FP and albumin reflects the pattern of protein 
synthesis operative in vivo. A similar approach can be 
applicable to other mammalian species, and may prove to 
be of value as an aid in diagnosis of hepatomas. 

The present study suggests that mRNA for «FP may be 
isolated from foetal liver and translated in a defined cell-free 
system. In fact, the study in progress has strongly supported 
this possibility. The synthesis of albumin using exogenous 
mRNA has recently been accomplished’". The study of 
requirements for the translation of these mRNAs, such as 
initiation factors, should help us to understand the molecular 
basis for the regulation of the «FP and albumin synthesis 
during embryonic development. The knowledge gained in 
such studies may also provide a basis for possible engineering 
of the synthetic events in tumour cells to arrest or reverse 
neoplastic transformation. 

We thank Dr T. A. McPherson for reading the manuscript 
and John Arlette for assistance in the preparation of antisera. 
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Blocking of syngeneic effector T cells 
by soluble tumour antigens 
Tue cellular immune response to murine sarcoma virus í MSY) 
induced tumours in mice involves lymphoid efector 
different origins'’?. When the chromium release tes 
used to study this immune response, only thym 
lymphoid cells (T cells) show any appreciable i 
towards the appropriate tumour target cells®’, © 
cells display no lytic activity in CRT, nor are t 
T cell-dependent tumour cell lysis to occur’. \ 
cytotoxicity assay (MA) of Takasugi and K sa is 
the cellular immune response of the same MSV ti 
mice, both T and non-T lymphoid cells are seen to be: 
A time-course study with these two assays using the. 
lymphoid cell preparations! showed that, at the mome 
maximum tumour size, neither T nor non-T lymp 
activity was detected in MA, whereas a peak value : 
activity was detected in CRT. It has also been shown : 
from MSV tumour- bearing mice (progressor sera) are 
completely inhibit the immune activity measured in- 
although the same sera have no effect when tested im- aoe. 
These facts indicated that a different cytotoxic T cell subs 
population might be involved in each test, the effector T cells: | 
active in MA probably being blocked by the soluble tumour — 
antigens present in progressor sera and the effector cells. oe 
active in CRT not being at all affected. Here we present further 
arguments in favour of such an hypothesis. a 
We tested the effect of progressor sera or soluble tumour — 
cell antigen extracts on the immune activity of spleen cells fomo 
MSV-infected C57BL/6 (B6) mice, as revealed by MA a 
The Moloney isolate of MSV, regularly maintained by ac 
transmission, in newborn B6-mice, was used in all exper 
to induce experimental sarcomas in adult R6 mice. Sx ee 
were taken between the 15th and 25th days after MSY it 
tion because the T cell subpopulation shows an appr 
immune activity in both MA and CRT during this pe 
and the tumour has regressed. CRT and MA were periorn 
ås previougly described'*, ane syngeneic conditions were 
maintained throughout all experiments. Spleen lymphocytes 
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m normal B6 mice were used as negati ive On. in salit tests. 


The experiments summarised in Table 1 investigated the 
o blocking activity of B6 progressor serum (PrSm) on spleen 
-effector cells. The cytostatic activity detected in MA could be 


-0 blocked at a limited range of serum dilutions (1/6-1/12), while 


2 no effect was evident in CRT with the same lymphocyte samples 
and serum dilutions. Normal B6 serum (N1 Sm), at similar 
` dilutions, did not affect the lymphocyte activity in either test. 


Tumour cell growth inhibition (°4) 





5 10 15 
ug protein per 10,000 spleen cells 


20 25 


Fig. 1 The effect of GiL4 antigen (O) and of normal B6 
antigen (@) on the immune activity, as detected in MA, of 
spleen cells from B6 mice infected with MSV 20 d previously. 


< Baldwin et al. have shown that the blocking fraction of 
serum from tumour-bearing rats contains antigen-antibody 
— complexes, and that solubilised tumour antigen seems to be the 
ain blocking agent". Sjögren et al? had previously 
ached the same conclusion concerning the blocking factor in 
_ sera from MSV-infected mice. We therefore solubilised tumour 
<- cell antigens and checked whether they could block specifically 
: ‘the spleen cell activity detected in MA and in CRT. 

>> The procedure developed by Mettzer et al.” and Reisfeld 
et al was chosen; this involves antigen solubilisation by 3 M 
= KCI, pH 7.4, and gives high yields of functional antigen. 
Soluble antigens were prepared from normal spleen cells or from 


several different tumour cell lines belonging to the FMRGi 


-antigen group (MSV-tumour cells are FMRGi-positive). 
= Normal or immune spleen lymphocytes were incubated for 
~ 18 h (CRT) or 48 h (MA) in the presence of target tumour cells 
and of antigen extract. As shown in Table 2 the cytostatic 
activity of immune spleen cells in MA was inhibited by the 
` “tumour. antigen extracts prepared from GiL,, MSV-tumour, 
-Or Friend leukaemia cells. No blocking effect was detected in 
CRT at equivalent antigen doses; indeed, in some cases immune 
lysis actually increased in CRT in the presence of soluble 
antigen. 
-o Inhibition by the soluble antigen preparations in MA is 
specific because: first, the soluble extracts prepared from 
normal B6 or BALB/c spleen cells do not block the cytostatic 
activity of anti-MSV tumour lymphocytes at any of the doses 
used; second, when an allogeneic immune system is studied in 
MA, the B6 ‘normal’ extract blocks BALB/c lymphocytes 
(H2d) immunised against B6 normal spleen cells (H2b) (Table 
3); and third, the BALB/c soluble extract prepared from 
- Friend virus-induced leukaemia cells blocks the activity in MA 
- -of B6 lymphocytes immunised against an MSV-induced tumour 
{Table 2), but it does not affect the activity in MA of BALB/c 
--anti-B6 lymphocytes (Table 3). This also indicates that the 
-inhibitory activity of our antigen extracts js not the result of a 
-toxic effect on spleen cells. 
The blocking effect displayed by the soluble antigen extracts 
in MA follows a dose-response curve (Fig. 1). The extract 
prepared from GiL4 cells blocks lymphocyte gctivity com- 
pletely at doses equivalent to or higher than 25 yg protein 


è 


+ 


| per 10,000 in ai A activity. can sii Þe detected 


at 3 ug protein per 10,000 spleen cells, but disappears at the 
lug protein level. 

The experiments discussed above show that the immune 
cytostatic activity of lymphoid cells in MA can be blocked 
when functional T and non-T effector cells are present! ?, 
As the effector cells involved in CRT are exclusively T cellst*? 
and cannot be blocked, it seemed important to determine if the 
effector T cells active in MA, when purified, could be blocked 
or not. Cell populations enriched in T cells were consequently 
obtained by passing whole spleen cell suspensions through anti- 
immunoglobulin coated glass bead columns'!* and were 
subsequently used to study the blocking effects of progressor 
sera and of soluble antigen extracts. Table 4 shows that column- 
purified cells can be effectively blocked in MA when they are 
incubated with progressor serum or with the adequate soluble 
tumour extract. No decrease in immune lysis is detected in 
CRT when the same lymphocytes are incubated with these 
reagents at Oea doses. 


8,44, positive colls and l + 05% ese podiivé 
cells’. To study the role stayed in MA by the 8e negative 
cells present in the column-purified cell suspensions, column- 
passed cells were treated, with AKR anti-9,..,, serum and rabbit 
complement and dead cells were removed by incubation with 
0.05% trypsin. A pure population of viable column-passed 
cells not carrying the 6,,,,, antigen was thus obtained and was 
adjusted to the appropriate cell number before distribution 
in the MA plates. These spleen cells possessed no ability to 
inhibit tumour cell growth; experimental results published 
recently’? show that non-T cells do not require a T cell colla- 
boration to exert a cytostatic effect in MA. Control cells 
trypsinised in the same manner after incubation with normal 
AKR serum and complement showed no decrease in their 
immune cytostatic activity. Consequently, the immune activity 
displayed by such column-purified cells in MA seems to be due 
exclusively to thymus-dependent lymphocytes. 

In a different set of experiments, cytostatic non-T cells were 
purified by treating whole spleen cell preparations with anti- 
Oey, Serum and complement. The immune activity of 10,000 
anti-MSV non-T cells was completely inhibited in MA by B6 
progressor serum diluted 1/6 or by 25 pg GiL4 soluble antigen. 
Normal B6 serum and normal B6 antigen had no effect on the 
immune activity of these cells. 

Our results provide further proof of the hypothesis that 
CRT and MA, as performed here, do not measure the same 
immune phenomena. As suggested in a recent communication?, 
CRT reveals an exclusively T cell-mediated cytolysis, while 
MA seems to detect a complex cytostatic effect in our experi- 
mental conditions. This segregation of effector cell functions 
is probably because the target cell used in MA is highly re- 
sistant to immune cytolysis, while the target cell used in CRT is 
easily lysed'?, We have provided evidence here which shows 
that soluble antigens prepared from MSV-induced tumours or 
from antigenically related tumours can block the activity of 
anti-MSV effector T cells in MA, whereas no inhibition of the 
effector T cells active in CRT can be detected. The possibility of 
blocking immune activity in MA with soluble tumour antigen 
preparations has already been indicated by Baldwin er al 
in other tumour systems. C. Neauport (unpublished) has 
recently obtained results in our laboratory showing that the 
activity of anti-allogeneic immune lymphocytes in CRT is very 
difficult to block with soluble antigen preparations, differing 
with results published by Wagner and Boyle” and agreeing with 
previous observations of Cerottini ef a/.4®°. We have also pro- 
vided evidence that progressor sera can only block the activity 
of effector T cells in MA and not in CRT, thus confirming 
previous observations'**. This blocking effect could result 
from the presence of soluble tumour antigens in the serum of 
progressor mice, and it might explain why no activity can be 
detected in MA when lymphocytes are taken at the time of 
maximum tumour size!. The fact that the effector T cells de- 
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r MSV Cells incubated with: Normal spleen Immune spleen Tumour cell Degree of immune cytolysis 
a cells cells growth inhibition blocking 
(%) (%) 
15 MEM 199 + 25 148 + 18 26* 
NiSm (1/6) 205 + 29 168 + 26 — I% 
PrSm (1/6) 205 4 19 188 + 9 8$ 547 
19 MEM 229- F 0 180 + 21 21* 
NISm (1/6) 224 + 27 155 4 21 31§ | 
PrSm (1/6) 192 + 50 173 4 35 10} 72* 
NISm (1/12) 225 + 26 183 + 14 ig” 
PrSm (1/12) 199 4 33 LOU ce a 0 100° 
NiSm (1/18) 248 + 36 205 + 23 17+ 
PrSm (1/18) 248 + 31 187 + 28 24* 0 
NISm (1/24) 239 eee 184 + 22 Peed 
PrSm (1/24) 255 + 43 204 + 24 20t ĝ 
21 MEM 163 + 24 119 + 14 275 159 - 
NiSm (1/6) 152 + 23 122 + 14 20* 119 
PrSm (1/6) 160 + 22 159 + 26 0 100* 185 
24 MEM i21 + 17 16 3 37§ 1332 
NISm (1/6) 167 Ł 17 127 + 18 24* 13.9 
PrSm (1/6) 180 + 18 i71 + 10 SI 73r i 





_ Normal or immune B6 spleen cells were incubated with normal B6 serum (NISm) or B6 progressor serum (PrSm) for th 
test. In MA, 3034 Falcon Plastics tissue culture microplates were seeded with 100 to 200 B6 MSV tumour cells growing in mo 
incubated overnight; Sul Eagle’s MEM, NISm or PrSm plus 10,000 lymphocytes in 5 ul were then added, and the plates w 
at 37°C for 48 h. After one wash, the remaining cells were fixed with methanol, stained with giemsa and counted. Then 
the arithmetic mean of target cell counts + s.d. and the significance of the relative inhibition of cell growth was calculate: 
t test. The degree of blocking in MA was evaluated by taking into consideration the difference between the number of 
the presence of immune spleen cells and of normal spleen cells (ATC) following incubation with progressor serum (AT Cris) t 
B6 serum (ATCwian): Degree of blocking (%) = (ATCxism — ATCpran)/(ATCnism) x 100 . | 3 

In CRT 20,000 “'Cr-labelled B6 GiL4 ascitis lymphona cells in 0.05 ml were mixed with 0.1 mi MEM, NiSm or PrSm, and 3 
or immune B6 spleen cells in 0.05 ml were then added. After 18 h of incubation the reaction mixture was adjusted to 1.0 7 
ium release was determined as described elsewhere’. The results shown represent the differences between chromium rele 
immune spleen cells and of normal spleen cells + s.d., and are statistically significant. A low lymphocyte to target cell r 
to iia levels of immune lysis which theoretically should be easily blocked. No blocking effects were detected with CRT in any of 
studied. 

*P <00! 

+P <0.05 

tP >0.05 
§P <0.001 





Table 2 Effect of soluble antigen preparations on spleen cell immune activity. 





MA 
Days after MSV Cells incubated with: Normal spleen. Immune spleen Tumour cell Degree of 
inoculation cells cells growth inhibition blocking 
(%0) CA”) 
20 | MEM 220 -+ 20 163 + 14 26* 
B6NIAg (25 ug) 234 + 28 168 + 13 28* 
GiL4Ag (25 pig) 139 + 14 138 + 26 0 1007 
21 MEM 354 + 37 272 + 26 23" 
B6NIAg (25 pg) 370 + 39 271 + 35 28* 
GiL4Ag (25 ug) 327 + 58 322 + 54 2f 95+ 
BONIAg (12 ug) 450 + 24 348 + 47 a 
GiL4Ag (12 ug) 441 + 61 454 + 6l 0 100+ 
B6NIAg (12 pg) | 412 + 37 342 + 31 17t 
B6MSVAg (12 ug) 348 + 43 371 + 69 —6t 100+ 
22 MEM 161 + 17 131 + 13 19* 13i + 
CNIAg (25 ug) 156 + 10 116 + 17 26* 12.8 o 
FVLAg (25 pg) 89 + 12 83 + 18 T 85t ILọ 4 










Normal! or immune spleen cells were incubated with each soluble antigen preparation during the whole duration of eact 

z 25 or 12 yg protein for 10,000 lymphocytes. MA and CRT were performed as described in Table 1. Soluble antigens we 
_ normal spleen cells (B6NIAg), BALB/c normal spleen cells (CNIAg), GiL4 lymphoma cells of B6 origin (GiL4Ag), & 
-. „tumours (B6MSVAg), YC8 lymphoma cells of BALB/c origin (YC8 Ag), and Friend virus-induced leukaemia ceils of 






bilisation in 3M KCL, pH 7.4, the crude soluble antigen preparations were filtered through Sephadex G-208 
nic activity were detected by the specific inhibition of cytotoxic antisera in the presence of complement, anc 
valuated with the Folin-Ciocalteu reagent. > ooi 
i e 


+ 
e Ld 
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Table 3 Effect of soluble antigen preparations on H2d anti-H2b immune spleen cells. 


MA CRT 
Cells incubated with: | Normal spleen cells Immune spleen cells Tumour cell growth Degree of blocking Immune cytolysis 
| inhibition 
C%) (%) (% 

MEM 142 + 22 iii + 8 22" 0 30.9 3.1 
CNIAg (25 ug) 126 + 15 103 + Il i8* 0 32.4 + 3.5 
B6NIAg (25 pg) 106 + li 97 + 13 St 61* 34.4 +. 3.9 
FVLAg (25 ug) 98 ++ 4 64 + 13 35% 0 35.1 + 3.1 


Immune H2d anti-H2b spleen cells were obtained 6 d after inoculating adult BALB/c mice with 5 x 10’ B6 normal spleen cells intraperi- 
toneally. Target cells were the same as those used to test anti-MSV tumour immune lymphoid cells. Spleen cells from normal BALB/c mice 
i as negative controls. 

<0. 











+P >0.05 

tP <0.001 
Table 4 Effect of progressor serum and soluble antigens on column-purified T cells. 

MA CRT 
Experi- Days after Cells incubated with Normal spleen Immune spleen Tumour cell Degree of Immune cytolyiss 
ment MSV inocu- cells cells growth inhibition blocking 
lation (%) (%) (%) 

1 20 MEM 152 + 19 129 + 16 15* 18.9 + LI 
NiSm (1/6) 195 + 35 162 -+ 31 77 19.7 + 2.5 
PrSm (1/6) 178 i. 20 182 + 29 SAT 1005 18.0 + 3.8 

2 20 MEM 122 + 18 86 + 19 304 10.6 +- 3.2 
B6NIAg (25 pg) 138 4 12 104 4- 18 25§ 13.0 4+ 2.8 
GiL4Ag (25 pg) lll + 16 105 + 20 St §2t 18.1 + 3.5 

3 21 MEM 170 + 15 149 + 13 12* 15.6 + 3.3 
NiSm (1/6) 192 + 18 169 + 14 12* 14.3 + 2.6 
PrSm (1/6) 192 + 14 201 + 26 wn 5 100% 16.7 + 3.0 

4 21 MEM 221 + 19 173 + 14 228 17.8 + 1.8. 
B6NIAg (25 ug) 259 + 32 196 -+ 25 24§ 16.2 + 2.3 
GiL4Ag (25 pg) 216 + 35 202 + 32 6t 78% 24.8 + 3.6 

spams searmerebeneeceseaema BEEE NAET eer ESTHET ATOATOA 

*P <0.05 

tP >0.05 

tP <0.01 

§P <0,001 


tected in CRT are not sensitive to such blocking factors further 
indicates that two different effector T cell subpopulations are 
involved here. These two effector T-cell subpopulations pro- 
bably differ in function as well as in sensitivity to blocking 
factors, since the subpopulation detected in CRT displays a 
cytolytic activity and the subpopulation detected in MA 
displays a cytostatic activity. These observations recall the 
functional heterogeneity of T cells detected in other immune 
systems!*-#!_ It cannot be definitely excluded, however, that in 
our experimental system effector T cell subpopulations of similar 
nature are involved which react with different antigens of the 
tumour cell membrane. | 
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Cannabinoid content of some English reefers 


THIS paper reports the results of qualitative and quantitative 
analysis of 36 reefers or ‘pro-reefers’ (samples of herbal or 
resin cannabis sufficient for one reefer) produced in London 
and Leeds. As far as we know it is the first time reefers in 
actual use have been so analysed. The reefers were obtained 
from three different groups: group A, regular smokers in the 
London area, some of whom had asked for psychiatric help; 
group B, regular users in Leeds, none of whom had sought 
medical advice about their cannabis smoking; group C, casual 
users in the London area. The results show a very wide variation 
in potency and indicate that more than half were below the 
threshold dose. 

The contents of each reefer were weighed, examined macro- 
scopically and microscopically and analysed! quantitatively for 
the main cannabinoid THC (A!-tetrahydrocannabinol), CBN 
(cannabinol) and CBD (cannabidiol) (Table 1). Almost all the 
reefers contained tobacco mixed with varying proportions of 
resin or herbal cannabis which, when possible, was separated 
and weighed. 

We found a very high variation in potency, the content of the 
psychoactive substance THC varying from 0.15 mg to 41.1 mg. 
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city to provide añ h stimulus is the property ee meta- 
bolically active”* immunocompetent cells!, and it has been 
suggested that allogeneic stimulation requires the transfer of 
some cytoplasmic component from the stimulating to the 
responsive cell, According to this hypothesis, any treatment 
that inactivates the metabolic activity of lymphoid cells will 
reduce their immunogenicity for other members of the same 
species. 

A prediction of this hypothesis is that transplantation antigen 
alone, either soluble or cell bound, will be poorly immunogenic 
when presented to potentially responsive immunocompetent 
cells. If an allogeneic stimulus is provided at the same time, 
however, this second stimulus will activate the potentially 
reactive cell and facilitate its response to the test antigen. Here 
we show that lymphocytes inactivated with ultraviolet light are 
unable to stimulate allogeneic lymphocytes in mixed leukocyte 
culture (MLC), and do not generate a significant cell-mediated 
cytotoxic response in such cultures. Cytotoxic activity can, 
however, be generated if an allogeneic stimulus is provided by a 
third party, y-irradiated lymphocyte that is antigenically 
different from the ultraviolet-irradiated cell. 

MLC reactivity was assayed by mixing responsive lymph 
node cells (C57BL/6J) with y- or ultraviolet-irradiated stimulat- 
ing spleen cells (BALB/c) in Linbro multi-dish culture trays 
Linbro FB 24-TC). The culture medium used was Eagle’s 
Minimum Essential Medium (Grand Island Co., F15) contain- 
ing penicillin (100 ug mi), streptomycin (100 pg ml) and 
neomycin (100 pg mit). The medium was supplemented with 
10% foetal calf serum and 2-mercaptoethanol to a final con- 
centration of 107 M. Stimulating spleen cells, at a density of 
| x 10° ml“, were incubated in culture medium for 1.5 h at 37°C 
before irradiation’. Co y-irradiation (800 r) was given at a 
dose rate of 280 r min™ and ultraviolet irradiation was given by 
exposing 5 mi of cell suspension in open 80 mm Petri dishes 
for 4 min, at a distance of 20 cm from a 30 W germicidal 
ultraviolet lamp. Following irradiation, the cells were washed 
once and resuspended in culture medium. 

To control the specificity of MLC activation, and any non- 
specific effects resulting from the addition of ultraviolet- 
irradiated cells to the test cultures, the following spleen cell 
mixtures were used as the stimulating population in MLC: 
y-irradiated BALB/c +  ultraviolet-irradiated C57BL/6J; 
ultraviolet-irradiated BALB/c + y-irradiated CS7BL/6J; and 
ultraviolet-irradiated CS7BL/6J + y-irradiated C57BL/6J. 
These stimulating cell populations were prepared by mixing 
equal volumes of each component at a cell density of 2 x 10° 
ml, In MLC assays the stimulating spleen cell population 
was mixed with an equal volume of C57BL/6J lymph node 
cells at a density of 1 x 10° ml“. Each mixture (2.5 ml) was 
added to three replicate wells of Linbro culture trays and 
cultured for the required time at 37°C in an atmosphere of 
10% COs 7% Ogand 83 % Nz. Aliquots (0.2 ml) were taken from 
each culture over a 5 d period and added to Linbro 16 mm 
microtitre plates with 3 pCi of 7H-thymidine (Amersham, TRA 
120, specific| activity, 5 Ci mmol"). Thymidine uptake was esti- 
mated 5 h later by collecting the cultured cells on glass fibre 
filter disks, using an automatic cell collecting device {MASH- 
11, Microbiological Associates), and counting the amount of 
thymidine incorporation in a liquid scintillation counter. | 

The kinetics of thymidine uptake are shown in Fig. 1. 
Ultraviolet irradiation of BALB/c spleen cells, in contrast to 
y-irradiation, inactivates their capacity to provide an allo- 





















< 10 
2 
= 8 
ht 
g7 
Ls 
S 6 
E 
a 4 y 
“a 
2 
ae 
I 2 3 4 5 
Time (d) 


Fig. 1 Stimulation of 9H-thymidine uptake by C57B1/6J lymph 
node cells in mixed cultures containing the following spleen 
cell populations: O, y-irradiated BALB/c -+ ultraviolet- 
irradiated CS7BL/6J; @, ultraviolet-irradiated BALB/c + : 
y-irradiated C57BL/6J; G., y-irradiated C57BL/6J +- ultra- ee 
violet-irradiated C57BL/6I. CH. -thymidine incorporation is — 
expressed as c.p.m./10° lymph node cells and the vertical bars 
show the standard error of the mean of three replicate assays. 


geneic stimulus for C57BL/6J lymph node cells as measured by 
MLC activation. These findings confirm those of Lindahl- 
Kiessling et al. +, Moreover, ultraviolet irradiation did not affec 
the expression of alloantigen on the surface of irradiated cells 
(Table 1), as determined by antibody absorption. Antigenic 
activity was estimated by microcytotoxicity titration before and 
after absorption of alloantiserum with y- or ultraviolet-irra 
diated BALB/c spleen cells. 

The in vitro generation of cytotoxic lymphocytes was carried 
out in Falcon plastic tissue culture flasks (30 ml), using the 
MLC medium described above. Ultraviolet-irradiated BALB/c 
(H-2¢) spleen cells, either alone or mixed with y-irradiated 
CBA/H (H-2*) spleen cells, were used to stimulate CS7BL/6J. 
(H-25) lymph node cells in vitro. After 4 d, the cultures were 
examined microscopically and the blast cell content scored. 
semiquantitatively. These cultures were then collected and 


Antibody binding capacity* of y- and alra 
irradiated BALB/c spleen cells 


Absorbing spleen cell 
population (107 celis) 


Table 1 





Cytotoxic titre 


y-irradiated BALB/c 1:10 
Ultraviolet-irradiated BALB/c 1:10 
y-irradiated CS7BL/6J 1: 160 
Ultraviolet-irradiated CS7BL/6J 1 : 160 





* Cytotoxic anti-BALB/c antibody was prepared in C57BL/6J 
mice. 0.5 ml of antiserum was absorbed with the different cell 
populations for 2 h at room temperature. Residual cytotoxic activity 
was assayed against BALB/c lymph node cells, in the presence of 
guinea pig complement. Antibody titrations were carried out with 
doubling dilutions of serum and the 50% cytotoxicity end point was 
estimated by trypan blue exclusion. 














cytotoxic cells specific for the H-24 antigen assayed against. 
1Cr-labelled P815 mastocytoma (H-24) target cells*, Table 2. 
shows the detailed experimental protocol, including controls 
for specificity and any nonspecific effects of ultraviolet-irrad- 
iated cells, and the relative potencies of the resultant cytotox 
cell populations. Cytotoxic potency was obtained by plot 
the logarithm of the number of target cells lysed against 
logarithm of the nymber of sensitised cells used in the a 
(Fig. 2). Such plots*have a linear dose response relationship 
with unit slope to a level of approximately 35% specific lysis’. 
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Variation has been found i in only 36 samples, it is almost 

ertain that similar or greater variation occurs regularly. 
In view of the known variability in the THC content of the 
plant (Cannabis sativa L.) from which the dr ug is obtained, the 
Instability of the active constituents, especially in badiy 
prepared and stored material and the ‘unstandardised’ condi- 
_. tions in which the drug is distributed the variation is perhaps 
= not surprising. The lack of standardisation means that a casual 
smoker, used to low doses, may be accidentally exposed to 
highly potent material. 

‘On average each reefer in groups A and C was smoked by 
two people (Table 2) so that the mean dose of THC per person 
in group A would be 4 mg (range 0.1 to 14 mg); and in group C 
would be 2.2 mg (0.5-5.0 mg). For group B, with an average 
of three people per reefer, the dose would be 3.5 mg (0.2—13 mg). 
These doses are lower than those used by such workers as 
Neumeyer and Shagoury* (2-9 mg) and Isbell er al., who 
quote 3.5 mg as a threshold dose and 16.2 mg sufficient to 
‘produce distinct depersonalisation. On this basis about two- 
thirds of the reefers, when shared, would produce effects less 
than that of the threshold value of 3.5 mg THC. Casual 
smokers may therefore be exposed to extremely small doses 
and so may falsely assume that cannabis is a relatively harmless 
substance. Conclusions based on questionnaires to smokers’, 








Table 1 Components and analytical data on reefers 
Weight 
including 
Contents tobacco Cannabinoids (mg) 
Reefer No. (apart fram tobacco*) (g) THC CBD 
Group A 
1 Soft resin: (0.214 g) 0.744 28.39 traces 16.68 
Soft resin 0.752 24.98 traces 14.65 
3 tLeaf A ee glands 
(0.511 11.13 traces traces 
4 tCoarse ioe (0.118 g) 8.21 3.10 2.74 
5t Compact smooth resin 
(0.219 g) 5.99 2.73 6.60 
6 Resin: fine powder 0,778 5.06 0.89 1.76 
7 tCrumbly resin (0.224 g) 3.72 1.23 9.36 
8 Greenish brown resin (0.102 g) 0.996 3.34 0.55 3.01 
9 tCompact resins (0.327 g) | 2.70 12.14 30.76 
{0 +Brown prism (0.278 g) 2.06 5.38 95i 
11 tCompressed herb (0. 585 g) 1.97 0.36 2.85 
12 tLeaf only: eres glands 
(0.097 g 1.89 traces traces 
13 Herbal: Lis and seeds 1,435 0.52 4.35 0.64 
14 Herbal: tops and seeds 0.460 0.15 0.74 O14 
Group B 
15 Leaf only, numerous sessile 
glands 1.724 41.11 traces traces 
16 Herb: bracts, leaf, seeds 1.730 {8.05 4.89 traces 
I7 Herb: stalk, leaf, seeds 1.309 17.56 4.50 traces 
18 Leaf only: sessile glands 1.166 12.92 traces traces 
19 Herb: leaf mainly 1.096 [1.85 traces traces 
20 Herb: stalks, leaf, seeds 0,698 956 1.89 — 
21 Leaf: flowering tops, seeds 1.202 7.31 1.74 0 - 
22 Herb: leaf with sessile glands 0.887 FH 0.83 4.25 
23 tHerb: seeds and leaf (0.317 g) 448 109 — 
24 tHerb: bracts, seeds (0.440 g) 3.65 1.05 woe 
25 Resin: greenish brown 0.941 232 “OBL. 075 
26 tLeaf and seeds (0.182 g) 1.38 O.16 0.35 
27 Herb: bracts, seeds 0.842 0.38 0.16 0.32 
28 t Fragments of green glass 
embedded in vegetable 
debris 0.208 9 0 0 
Group C 
29 Resin: fine powder 1.046 9.37 0.99 599 
30 Herbal: bracts and leaves 0.910 8.38 0.86 1.36 
31 Resin: small lumps 0.553 5.59 0.67 3.64 
32 Herbal: unripe floral axis, 
immature seeds 0.383 5.02 0.71 traces 
33 Herbal: flowering tops, no 
seeds (0.224 g) 3.00 0.33 1.25 
Herbal: with traces of resin 0.808 2,02 tracef traces 
esin: small lumps 0.637 1.38 0.36 2.82 
in: greenish lumps 0.516 0.99 0.26 2.03 











Table 2 Mean daily use of reefers 


No. of THC t 
Reefer No. Frequency of use (d9 users (mg per p 
Group A 
| 7 i 
2 7 | 
2 5 to 10 | hes 
6 20 to 30 2 s 
7 30 i to2 E 
8 10 to 30 2 i: 
9 9 | 
13 20 2 
i4 20 2 
Group B 
15 | 
16 3 z 
17 10 z2to§$ 35 
18 20 2 
19 8 4 
20 6 2 
21 4 | to 2 15 
22 20 4 
2 It 2 
24 3 j 
25 20 to 40 2 28 
26 15 to I8 510 6 3 
27 15 to 25 3 to 5 
Group C 
29 4 3 2 
30 t i 
31 4 | 
32 3 i 
33 2 : 
34 Pa l 
35 2* 2 
36 27 3 





* (per week) 




















such as students, are probably of little value unjess. 
information on the potency of the reefer is also of 
All these doses refer to the actual amounts of I 
reefers; obviously the amount reaching the blood 
be affected by the manner in which the reefer i 
more importantly, whether the user inhales and ifi 
long he holds the smoke before expelling it. 
A more important variable is the actual nur 
smoked by an individual per week. By car 
group A was found to consume 3.8 g cannabis per 
(range 2 g to 6 g); group C 0.3 g (range O F gE 
group B drug histories were collected using the 1 
participant observation® and actual weighing of the 
used. The average amount was 2.8 g person per 
0.3 g to 8.3 g). As the reefers (Table 1) were collect 
time this information was obtained. it is possible t 
the daily intake of THC on the assumption that 
analysed represented those being smoked at that i 
results (Table 2) show that for group A the average : 
of THC is 60 mg per person, for group B 26 mg pe 
for group C 8 mg. If the first two extremely high - 
group A are removed the average for the remainder 
per person. Although these first two values are h 
not dissimilar from the values of 150 mg THC d=“ q 
Miras for regular users in Greece’. Some users — 
compensate for low potency reefers by smoking 10-20 ree 
and in these circumstances the reported carcinogenic € 
may become significant. 
Observation of some individuals, recorded before 
analytical results were known, onirin a dose 
relationship. For reefer 15 (41 mg THC per dose 
admitted he gould not smoke more than | d~', othe 
unable to co-ordinate his movements. Reefer 22 Gé6r 
was from two females whose most characteristic f 
persistent hilarity; neither was in full time employ 
suppliers of reefers 3 and 8 (17 to 111 mg) were all re 
mid cannabis psychoses, and were depressed and. 
when smokifig heavily. These symptoms disappeared 















2 months of giving up the drug. Reefer 27 (1-3 mg THC d) 
was from two small subgroups; none of their members 
exhibited noticeable disorganisation of the cognitive processes 
and all seemed entirely capable of holding full time employment. 
They seemed similar to the members of group C (casual 
smokers) who were in full time study or employment. It is 
significant that students reduced their intake or gave up the 
drug altogether before examinations. Subjects who used 
reefer 28 (glass fragments plus incense) made it from what they 
had bought as Turkish pollen hash at £18 per ounce. Although 
they obviously expected a good high they experienced no 
subjective euphoria; most reported serious headaches instead. 

We found no evidence of adulteration except in reefer 28. 
This indicates that there is currently no shortage of genuine 
cannabis. Since THC decomposes into the inactive CBN due 
to faulty preparation and prolonged storage, the relatively high 
‘proportion of CBN in the group A reefers compared with 
group C indicates significant breakdown. This may come as a 
surprise to group A as they claimed to be nearer the sources of 
supply of cannabis, and therefore assumed they were using 
fairly fresh and active material. 

Reefer 3 was grown out of doors in Brixton, London, and 
collected in July. Reefer 12 was grown in Dublin from Nigerian 
seeds and “harvested too early”. Reefer 15 was from seeds 
taken from Zambian ‘bush’ and grown on a railway embank- 
ment near Leeds; the plants were harvested in September. 
None of the samples contained the relatively potent flowering 
tops, yet they had quite high THC content (21.8, 19.8 and 
23.9 mg g™! air-dried leaf respectively). These results should 
therefore dispose of the idea that potent material cannot be 
grown in a cool climate on unobtrusive sites sometimes with 
poor lighting conditions. We hope to publish soon details of 
work on plants grown in this country over several years, which 
confirm this conclusion. We have already pointed out!” the 
defect in the present international definition of cannabis as 
“the flowering or fruiting tops of the cannabis plant (excluding 
the seeds and leaves when not accompanied by the tops)’!!. 

Some of the reefers used by experienced smokers were low in 
THC content but nevertheless were claimed by the users to be 
satisfactory. One possible explanation is the higher average 
CBD figures for group A (7.0 mg) than for group C (2.1 mg). 
CBD is said to enhance the effect of THC!?. Furthermore, 
since this work began, evidence has accumulated that the 
GLC peak corresponding to CBD sometimes includes small 
amounts of other cannabinoids!*. Synergism cannot be ruled 
out, and another possible explanation is the presence of 
noncannabinoid active material in cannabis. 

We thank those who supplied us with material and students 
at University College Hospital, Royal Free Hospital and 
Bedford College, University of London, who helped to make 
the necessary contacts in London. 
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Evolutionary divergences between 
populations of Australian wild rabbits 


The first successful introduction of the European wild 
rabbit, Oryctolagus cuniculus, into Australia took place in 
1859 when two dozen animals were imported into Geelong, 
Victoria’. Subsequent minor introductions may have 
occurred but the evidence indicates that existing popula- 
tions are derived mainly from the Geelong colony*. Rabbit 
populations now occupy varied environments across the 
southern two-thirds of Australia’. These rabbits provide a 
good opportunity for the study of evolutionary divergences. 

Twenty-six measurements were taken on the skulls of 
adult rabbits collected from five localities in Australia (Fig. 
D). The numbers in each sample were: Tero Creek, 22; 
Manilla, 12; Tidbinbilla, 20; Holt Rock, 20; Wanneroo, 14. 
The environments of the localities are diverse. This diversity 
is reflected in the variations in mean annual rainfalls of the 





A Site of an extant 


Locations of collection sites. 
collection; ©), site of the early Manilla sample. The locali- 
ties are, a, Wanneroo, WA; b, Holt Rock, WA; c, Tero 
Creek, NSW; d, Manilla, NSW; e, Tidbinbilla, ACT. The 
figures in parentheses indicate the approximate mean annual 
rainfalls (in inches) of the collection sites. 


Fig. I 


collection sites (Fig. 1). The Manilla sample was collected 
in 1918 (Australian Museum) and the Tero Creek sample in 
1967 (CSIRO). The remainder were captured in 1972 and 
1973 using ferrets. traps, spotlights and shooting. We regard 
all but the Manila sample as extant. 

The metrical parameters consisted largely of standard 
length, breadth and height measurements of the cranium, 
mandible and teeth. All parameters were tested for sexual 
dimorphism using f tests but only bizygomatic breadth 
showed significant sexual dimorphism. This measurement 
was eliminated from the remaining analyses. Univariate 
comparisons demonstrated a number of significant differ- 
ences between all pairs of samples. The number of signifi- 
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cant ¢ tests (0.05 level) varied from a low of 4 for the 
Wanneroo-Holt Rock comparison to 16 for the Wanneroo- 
Tero Creek and Wanneroo-Tidbinbilla comparisons. Over 
the 10 sample pair comparisons, the mean number of sig- 
nificant z tests was 10 out of 25. The parameters that showed 
significant differences varied considerably from one pair to 
the next so that most parameters showed significant hetero- 
geneity in at least one sample pair comparison. Coefficients 
of variation for all characters in each of the regional 
samples were calculated. These coefficients generally were 
low!, with a mean of 3.8 and range of 1.2-9.6. A prelimin- 
ary analysis of the same data using Penrose’s* distance 
statistics indicates a strong correlation between the geo- 
graphic and biological distances between sample pairs. This 
finding is being investigated further, 
The appearance of morphological heterogeneity between 
Australian rabbit populations in such a short time (110 yr) 
implies a fast rate of evolution. Skulls collected during the 
early stages of colonisation were not available, but some 
approximate evolutionary rates were calculated using the 
two most separated extant samples, Wanneroo and Tidbin- 
billa. The midpoint between the means of these two samples 
was taken as the ancestral value of each measurement. Our 
method requires the working assumption that the extant 
groups have diverged at the same rate from the hypothetical 
ancestral population. 
Evolutionary rates for all measurements were calculated 
using Haldane’s equation’, rate = (logeX — logeY)/t where 
log. is the natural logarithm, X the mean value of descen- 
dants; Y the ancestral mean and z the elapsed time (set at 
110 yr). Haldane suggests that the results be expressed in 
darwins, where one darwin is a change of 1/1,000th part 
in 1,000 yr. Over all parameters a mean rate of 116 darwins 
was obtained, with a range of 27-406 darwins. This mean 
rate of evolution is 5,000—10,000 times the estimated rate in 
teeth of horses over a period of 5-16 million years (ref. 6). 
The mean for the rabbit populations however is similar to 
the rates found for changes in the dental dimensions in a 
population of the African green monkey (Cercopithecus 
aethiops sabaeus) isolated for 300 yr on the West Indies 
island of St Kitts’. In this case the mean rate was 160 
darwins with a range of 10-470 darwins’. These rapid rates 
of evolution would not be expected to continue indefinitely 
but to slow down as populations approached a genetic 
equilibrium. 
Our results indicate that substantial morphological diver- 
gences have developed rapidly between Australian rabbit 
populations. 
The authors thank B. J. Marlow, P. Fullagar, T. and J. 
Marshall, J. Dunsmore, M. Cowcher, T. Lashmar, J. Stock- 
ton and E. Chitty for their help with this project. This work 
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Health and Medical Research Council of Australia and the 
University of Western Australia. 
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Claim that two human linkage groups car 
different loci for GPT and LDH with 


CHEN and Giblett!' have reported the occurrence of genetic = 
polymorphism for human red cell glutamic pyruvic trans- 

aminase (GPT: EC 2.6.1.2). The usual phenotypes of red 

cell GPT (that is, GPT 1, 2-1 and 2) could be ident ed on 

cellogel by adapting the starch gel electrophoretic method 
of Chen and Giblett to cellogel (Fraser ef al, anpii 
When a buffer system which separates the nin 
Chinese hamster forms is used, however, the i 
patterns formed by fibroblasts were found to be distinctly 
different from those by red cells. We have employed t e E 
fibroblast isozymes as markers in human gene 
studies using man- Chines Haasi somatie ee, f 
















probably a tetramer a by two genes ee ‘GPT B 
and GPT C located on different chromosomes and linked 
to LDH B and LDH A respectively’. 

In a later series of experiments involving fu 
terisation of the GPT isozymes in the h 
parental cells, we have found strong €v 
screening procedures used do not score differe 
(GPT and LDH) but the same gene product { 
different methods. 

The principle of staining for GPT is that the enzyme -> 
converts alanine and x—ketoglutarate to glutamic acid and a 
pyruvate, and the pyruvate thus formed is det 
coupling it to LDH when NADH is oxidised to ^ 
sites of enzyme activity are seen under long W 
violet light as quenched areas against a fluores 
ground. If the appearance of bands was cause 
action of GPT isozymes, an omission of any of 
strates in the reaction mixture should prevent the for 
of bands. ; 

It turned out that an omission of alanine alone ee 
alanine and LDH in the reaction mixture did 4 
the appearance of any of the bands seen after sta 
the complete GPT reaction mixture. Moreover, i 
tution of z-ketoglutarate by pyruvate in the 
mixture resulted in the same electrophoretic pat 
pyruvate as substrate the bands appeared instant 
with increased intensity, whereas with »-ketoglu 
gels had to be incubated at 37°C for at least 30 g 
the patterns to become visible. 

These observations show that the human and 
hamster lactate dehydrogenase isoenzymes are capace 
utilising z-ketoglutarate as a substrate analogue in the 
conditions used and that these conditions are obviously - 
optimal for the GPT of the species concerned. Therefore, 
the patterns observed earlier by us’ on staining for g | 
pyruvic transaminase in the cultured fibroblasts, 
blood cells and the hybrids are probably due to i ae 
dehydrogenase activity, indicating that the GPT.LDF 
linkages. were spurious. 
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| Connective stability of complex ecosystems 


[nN 1970, Garner and Ashby! asked an important question: 
~ “Ifa large system is assembled (connected) at random, or has 
¿< grown haphazardly, should we expect it to be stable or un- 
stable?” They showed on a linear model that probability 
of stability generally decreases with the increase of the degree 
of connectedness among the parts of the system. This fact 
was confirmed by May? in a study of large systems in the 
ecological context. 

~ Here I now report that a wide class of linear and non-linear 
ime-varying large systems have been identified**, which are 
ble in spite of changes in the degree of connectedness among 
e parts (subsystems) of the system. A large system is con- 
idered connectively stable if it is stable (in the sense of 
apunov) for any degree of connectedness among the sub- 
stems. The connective property of stability can be estab- 
ished in the systems with competitive equilibrium®, which 
appear as useful models in such diverse fields as biology® and 
‘the arms race’, economics*®:* and transistor circuits’. 

=> The development of the connective stability concept can 
be best illustrated on the linear model used in (refs 1 and 2): 
















.X,> is ana vector and A=(a;;) Is an 
I assume that 4 has negative diagonal 


where x= <x, X2.. 
iio axa constant mE 


<0, i=j 
E fij z0, iŻj 
<o The above system is stable if (and only if) the matrix A 
-> satisfies the Hicks conditions: 
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-= I allow off-diagonal elements a; to be time-varying, and 
eplace them with e;;a;;, where e;;=e;;(f) are arbitrary functions 
uch that 
: O<sept)sl 
'herefore, the elements ej(t) of the nxn interconnection 
atrix E==(e,;) measure the coupling from x; to x; and re- 
esent. disconnection when eilt) =0 at any time z. It has 
en shown? that, under Hicks conditions, stability of the 
ystem is invariant to changes in any (and all) e;(¢) and that the 
“system is connectively stable. 
In an ecological system, x is the vector of the populations 
¿oox and the elements a;; of the matrix A represent the effect 
_ of the jth species on the ith species in the neighbourhood of 
the equilibrium. Non-negativity of the off-diagonal elements 
ajlixj) implies (gross) symbiotic interactions among species. 
Negativity of the diagonal a,;js means that each species is 
density dependent or ‘stabilized’*. Both restrictions on the 
sign of ajs can be removed at the expense of more refined 
= analysis. By applying the Hicks conditions to the McKenzie’s 
diagonal form of A, the off-diagonal ajjs can have arbitrary 
signs and connective stability of the ecosystem with mixed 
te (competitive - predator ~ symbiotic — saprophytic) interactions 
among species can still be established. The restriction aj; <0 
< can be removed by considering species in the Stable ‘blocks’ 
© (subsystems) and using the decompositioh-aggregation 
=o methods** to conclude stability of tHe overall system by 
© Hicks conditions. The decomposition-aggregation analysis , 
= gan take advantage of special structural ‘block’ properties, 
of ecosystems”. Furthermgre, it is possfole to demonstraje® 
wide tolerances to nonlinearities in the interacttons of stable 






the system | Matrix. re AG. x). 

By increasing the magnitude of the off-diagonal elements 
a,j and thus the interaction complexity of the ecosystem, the 
Hicks conditions are eventually violated. Since the conditions 
are both necessary and sufficient for stability, by reaching the 
critical values of ajs as determined by the Hicks inequalities, 
a sharp transition from stability to instability takes place. 
Therefore, there is an analytical basis®*:* for verification of 
the important Garner-Ashby conjecture? and the equally 
significant May's experiment’. 

The recursive nature of the Hicks conditions suggests that 
individual parts of the system can be decomposed from each 
other and again composed together randomly in various ways 
without affecting stability. It should be noted, however, that 
Hicks conditions are valid only for the constant matrix A. 
Kamke’s comparison principle and vector Liapunov functions 
from the theory of differential inequalities? are needed to 
extend the validity of Hicks conditions to matrices with time 
varying elements and to give a rigorous proof?® of this 
intuitive result. ` 
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Palatability dynamics of cardenolides in the 


monarch butterfly 

THE adaptive strategy of sequestering cardiac glycosides from 
milkweed plants (Asclepiadaceae and Apocynaceae) has evolved 
in several taxa of insects'. Since these cardenolides elicit 
vomiting following ingestion, birds learn to avoid the insects 
on sight after one or more emetic experiences*. By a specific 
assay, we found a spectrum of cardenolide concentrations in 
adult monarch butterflies (Danaus plexippus L., Danainae) 
collected during the autumnal migration from four areas in 
eastern North America’. In this communication we compare 
Atlantic with Pacific Coast monarch populations and explore 
quantitative relationships between cardenolide concentrations 
and palatability spectra. The latter were measured by our 
blue jay (Cyanocitta cristata bromia Oberholser, Corvidae) 
emetic dose fifty (ED, ,) test’. 

Migrating East Coast butterflies were netted in September 
1971 in the floodplain of the Connecticut River in Northampton 
and Hockanum, Massachusetts. Those from the West Coast 
came from three overwintering colonies in California during 
November 1971 at Muir Beach, Natural Bridges State Park at 
Santa Cruz, and at the Academy of Music at Santa Barbara. 
All butterflies were frozen until oven dried and individually 
ground for analysis as before®. Cardenolide concentrations 
were measured from February to June 1972. Because there 
were no significant concentration differences between the 
California populations, they were combined for statistical 
analyses. 
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The spectrophotometric assay? was modified as follows: 
(a) a correction in the alignment of the visible light source of 
the Perkin-Elmer 402 spectrophotometer was made; (b) 
absorbances were read at the peak (626 nm); (c) a tendency for 
opalescence® was eliminated by changing the aqueous NaOH 
solution to 50% EtOH : 50% H:O. These modifications 
resulted, respectively, in corrections of 1.08, 1.18 and 1.11, to 
give a combined correction factor of 1.42. As previously, the 
F peak (536 nm) of a holmium oxide filter was used to monitor 
machine performance (n=83; X absorbance =0.377;: s.d. 
0.003). 

ED., tests were done between March 1972 and February 1973 
on blue jays trapped in Hampshire County, Massachusetts 
between December 1971 and February 1973. They were 
stored for various times in an outside aviary or inside in a 
12h light: 12h dark regime. Birds given Massachusetts butter- 
fly material were force fed once. Thirty-three birds given the 
California 0.250-0.279 and 0.320-0.399 subsample material 
(Table 2) had been force fed once, at least 5 weeks previously. 
The mean weight of the 226 birds was 84.25 g (s* =41.83). 

After determining cardenolide concentrations in 351 Cali- 
fornia and 355 Massachusetts butterflies (Table 1, Fig. 1), we 
combined the residual dry powders of both sexes into nine 
concentration range subsamples for California and eleven 


a a aaa | 


281 


butterflies, even when values were recalculated after excluding 
all butterflies with absorbances of less than 0.100 per 0.1 g 
(Table 1B). With this group excluded, the variance of the 
cardenolide content in both sexes was three to four times 
greater in the Massachusetts butterflies. In both samples 
females had higher concentrations than males. The two-way 
analyses of variance® indicate that both geographic and sexual 
differences in concentration were highly significant. 

The size (right forewing length, measured with calipers from 
base to apex) and dry weight of the butterflies were highly 





"of sample 





: California (= 351) 

subsamples for Massachusetts (Table 2); as all residual powders | 
were used, larger butterflies contributed more than smaller 
ones. After mixing, we measured the absorbance per 0.1 g of 
each subsample. 

W etermined the ED., values for most subsampl 

e then d ed the EDs» value pee 0.050 0.450 0850 1.250 0.025 0.225 0425 0625 O825 

(Table 2). The lower concentration groups for both coasts Neisdarhintstie (accS45) 
either were not emetic or were subemetic so that these ED,, 

alues could not be determined. The ED,, and subsample Fig. 1 Variation in cardiac gycoside content of monarch 


absorbance values were run in regression analyses by the 
method of least squares’? to fit the exponential equation 
y=ax*, giving high correlation coefficients (Table 3D). 
Because of the exponential relationship in both samples, the 
mean values and 95°% confidence limits are plotted logarith- 
mically together with regression lines (Fig. 2). 

Concentrations are summarised in Tables | and 2 and in 
Fig. 1, which also shows the distribution of total cardiac 
glycoside per butterfly, obtained as the product of individual 
absorbance X dry weight. The histograms for the Massa- 
chusetts butterflies confirm the earlier study” and are essentially 
normal distributions showing continuous variation in cardeno- 
lide content. More than 98% of the Massachusetts monarchs 
contained substantial amounts of cardenolide. The population 
of California monarchs, however, was effectively dimorphic, 
with 47°% of the individuals containing little to immeasurable 
amounts. 

As Fig. | and Table 14 show, California butterflies had a 
much lower mean cardenolide content than the Massachusetts 


butterflies from California and Massachusetts (data are in 
Table 1). a, Total cardiac glycoside (absorbance per butterfly): 
b, cardiac glycoside concentration (absorbance per 0.1 g 
butterfly). The West Coast monarchs are bimodal, with nearly 
half containing little to immeasurable amounts of cardiac 
glycosides. The East Coast monarchs are unimodal! and have a 
substantially higher mean cardenolide content. An extract of 
0.1 g of butterfly in 5 ml of alcohol which gives an absorbance 
of 0.200 by our standard method is equivalent toa 3.16 x 10° M 
solution of digitoxin, or 241 pg per 0.2 g butterfly. 


correlated (Table 38}. The males were heavier as well as 
larger than the females on both coasts (Table 1C and D). 
California butterflies, however, although significantly smaller 
than their Massachusetts counterparts, were substantially 
heavier, no doubt because of a higher fat content (observed 
during grinding). Moreover, California butterflies showed 
greater discrepancy between the sexes for both weight and size 
(interactions). The differences in cardenolide content between 
the sexes, exaggerated in the California butterflies (Table 14 
and B), support the idea” that there is a significant physiological 





Table 1 


Summary of cardenolide concentrations (absorbance per 0.1 g powdered butterfly), dry weights and right forewing lengths of 


Massachusetts and California butterflies 





(A) Cardenolide concentration: all butterflies 


Massachusetts California Two-way analysis of variance 
Mean Variance n Mean Variance n Variation $s df ms F P 

Males 0.317 0.018 186 0.115 0.012 190 Sex 0.135 | 0.135 7.3144 <00! 

Females 0.349 0.025 169 0.139 0.020 161 Coast 7.472 | 7.472 404.061 <0.001 

Totals 0.332 0.021 355 0.126 0.016 351 Interact. 0.002 | 0.002 0.158 >0.25 

(Ratio of Mass.: Calif. variances = 1.313, P < 0.05) Residual 12.983 702 0.018 

(B) Cardenolide concentration: absorbances > 0.100 

Males 0.323 0.017 182 0.228 0.004 84 Sex 0.192 | 0.192 12.163 <0,00! 

Females 0.354 0.024 166 0.281 0.008 71 Coast 0.753 l 0.753 47.600 <0.00! 

Totals 0.338 0.020 348 0.252 0.006 155 Interact. 0.013 | 0.013 0.827 >0.50 

(Ratio of Mass.: Calif. variances = 3.33, P < 0.001) Residual 7.903 499 0.015 

(C) Dry weight (g) 

Males 0.191 0.0007 186 0.234 0.0017 190 Sex 0.028 | 0.028 20.156 <0.001 

Females 0.185 0.0007 169 0.215 0.0024 161 Coast® 0.235 | 0.235 169.505 <0.001 

Totals 0.188 0.0007 355 0.225 0.0020 351 Interact. 0.005 | 0.005 4.081 <0.05 
° Residual Q977 702 0.001 

(D) Length of right forewing (cm) 

Males 5.17 0.041 186 5.13 0.046 19Q Sex 1.008 l 1.008 21.037 <0.001 

Females 5.15 0.038 169 5.00 0.068 161, Coast 1.500 | 1.500 31.296 <0.001 

Totals 5.16 0.040 355 5.07 0.056 351 Interact. 0.570 | 0.570 11.908 <0.001 

n Resiqual 33.652 702 e 0.047 








g ati: dosage of butterfi ak 
(g of dry butterfly per 100g of bird} © 





a wile Laie per 0. i g o aa a 
` No. ae butter- No. of 
























& of total Absorbance Absorbance EDso 95% Confidence Estimated no. 
flies i in subsample sample range of of combined birds limits of EDs of EDso units* 
fhe, Males: Females subsample subsample tested 
66t 56+ 35 0.000 to 0.024 0.014 9t Meenen ~Indeterminate—-————-—- 
24 20 12 0.025 to 0.049 0.030 ot rn Indeterminate-—-—~— oe 
Ioe 26 IBB 12 0.050 to 0.149 0.100 11§ eer f GEETE A te 
ee Oe 19 8 8 0.150 to 0.199 0.171 15 0.123 0.098 to 0.153 2.8 
Ema 224] 15% 1] 0,200 to 0.249 0.228 14 0.051 0.046 to 0.057 4,1 
oF 12 16 8 0.250 to 0.279 0.250 21 0.056 0.051 to 0.062 4.6 
zon 16 8 7 0.280 to 0.319 0.290 15 0.047 (0.045 to 0.049)— 5.6 
4 4 9 4 0.320 to 0.399@ 0.305 i4 0.035 0.031 to 0.040 6.0 
ane: Hi 3 0.400 to 0.475** 0.420 12 0.037 0.035 to 0.039 9.1 
<= Totals 190 m 16] 120 (maximum estimate = 10.6) 
M 
g 4 3 2 0.000 to 0.099 0.085 2tt —~-Indeterminate-— 
Ss. 19 13 9 0,100 to 0.157 0,150 Tit --Indeterminate--- 
h 14 17 9 0.158 to 0.199 0.195 8§§ ~~Indeterminate— 
27 20 13 0.200 to 0.249 0.235 10§§ —Indeterminate— 
24 20 12 0.250 to 0.299 0,280 12 0.259 0.218 to 0.308 0.9 
22 17 li 0.300 to 0.349 0.320 10 0.219 0.201 to 0.238 1.0 
20 15 10 0.350 to 0 399: 0,385 13 0.186 0.160 to 0.216 1.2 
26 17 12 0.400 to 0.449 0.440 14 0.171 0.158 to 0.184 R3 
14 15 8 0.450 to 0.499 0.490 12 0.147 0.128 to 0.169 1.4 
12 19 9 0.500 to 0.599 0.510 if 0.138 (0.131 to 0.14530 1.4 
4 13 5 0.600 to 0.815** 0.635 d 0.150 0.133 to 0.169 LJ 
186- 106 (maximum estimate =: 2.0) 


F Based ¢ on 1 regression lines in Fig. 2, the mean weight of the Californian or Massachusetts butterflies, and the mean weight of the blue jays. 
_+ Combined sample included random selection of twenty-two males and seventeen females. 
+ No birds vomited; three birds dosed at each of three levels: 0.129, 0.192, and 0.287 g 
A One bird each dosed at levels 0.086, 0.105, 0. 129, 0.142, 0.173, 0.212, 0.287, 0. 350, and 0.522 g. did not vomit; one bird each at levels 
oe 0. 129 and 0.287 g vomited. 

‘Two males and five females in this range were not combined. 
: subject to error because NB-A®/N*=0.250 for California and 0.160 for Massachusetts’, 
One male of 0.013 absorbance was mistakenly included in the combined sample. 

"he Maximum concentration. 
i vomited; dosed at 0.287 and 0.350 g. 
+ rd dosed at 0.287 g vomited; two each dosed at 0.287, 0.350 and 0.428 g did not. 
SFT irds dosed at 0.287 g did not vomit; at 0.350 g two did and one did not; at 0.428 g one did and two did not. 
IT Three birds dosed at 0.368 g did not vomit; at 0.407 g, three did and two did not; one bird each at 0,449 and 0.496 g did not vomit. 


cost to sequestering these compounds. g. 
_ The relationships of cardenolide concentrations and ED,» 








In other words, within this absorbance range the California 
monarchs were at least 4.6 to 6.5 times as emetic. This no 


values are shown in Fig. 2 and Table 2. Although there seems 
o be an upper limit for both the California and Massachusetts 
utterflies, generally the higher the concentration of cardenolide, 
he lower the dose needed for emesis. However, at all emetic 













doubt mirrors the separate Asclepias floras on the East and 
West coasts, several species of which are known larval food 
plants of the monarch", 

Both dry weight and size were negatively correlated with 


















oncentrations, the California monarchs were more emetic 
Massachusetts counterparts. 
apping absorbances, at 0.250 and 0.475, the Massachusetts 
lues were, respectively, 0.264 g and 0.162 g, compared 
ornia ED, values, respectively, of 0.057 g and 0.025 


Within the range of 


right forewing length (cm) 


(Table 34 and C). 
showed these correlations. 


In contrast, 


cardiac glycoside concentration in the Massachusetts females, 
and significance was approached for the Massachusetts males 
neither sex in California 
In order for the Massachusetts 
butterflies to be sufficiently emetic, they must incorporate 


able 3 Summary of linear regression analyses of cardenolide concentration (absorbance per 0.1 g powdered butterfly), dry weight (g), and right 


ames No. of Correlation Standard 
=o (A) Dry weight compared with concentration data points a c coefficient error P 
Massachusetts males I86 ~~ -0.568 -+0.427 —0.IIS 0.132 0.20 > P>0.10 
Massachusetts females 169 -— 0.997 -+ 0,534 -0.167 0.155 0.05 > P> 90.02 
California males 190 ~~ 0.316 + 0.190 —QO.119 0.109 0.20> P>0.10 
California females 161 ~~ 0,027 +-0.145 — 0.009 0.142 0.50> P> 0.40 
-o (B) Dry weight compared with right forewing length 
Massachusetts males 186 + 5.120 44,187 4+-0,694 0.146 < 0.001 
Massachusetts females 169 -+ 5,792 -+ 4.079 +-0,785 0.120 <0.001 
California males 190 +2.568 + 4.532 +-9.498 0.186 < 09.001 
California females 16} -+ 2.863 4-438] 4+-0,544 0.219 <0 M1 
Er (c) Right forewing length compared with concentration 
cae oe Massachusetts males 186 -0.087 -+-0,.766 -0.132 0.132 0.10> P>0.05 
Massachusetts females r 169 —0.192 -+ 1.341 —0.237 0.153 P<0.00i 
California males 190 +.0.043 -0,104 --0.084 0.110 0.40 > P>0.20 
California females Í 161 -+ 00053 —0.126 +-0.098 0.141 0.40 > P> 0.20 
-(D) EDs compared with absorbance per 0.1 g 
| Massachusetts 7 +0.092 -0.757 --0.931 maa <0.01 
California *6 +- 0.009 ~ 1.313 —Q.875 < 0.025 


= For A, Band C, y=ax+ e; fpr D, y=axe.® i 
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Fig. 2 Relationship of cardiac glycoside concentrations and ED so 
values (data are in Table 2). The lines extending from the small 
open circles are the 95°% confidence limits of the means; the 
dotted lines represent indeterminate to nonemetic concentra- 
tions. Emetic dose is inversely related to cardiac glycoside 
concentrations, thereby proving that the palatability spectrum 
in these wild monarch butterflies is causally related to a spectrum 
in cardenolide concentration. Cardenolides in the California 
butterflies, however, are far more emetic than those in the 
Massachusetts butterflies, no doubt reflecting the completely 
distinct Asclepias species on the two coasts from which the 
wild larvae sequester the poisons. The ranges in equivalent 
emetic dose 50 U per blue jay predator per butterfly are shown 
on the right side of the graph. 


more cardiac glycoside than the California butterflies and these 
higher concentrations may be physiologically detrimental. 

In terms of blue jay ED,, units, the Massachusetts butterflies 
ranged from an estimated maximum of 2.0 to less than 0.9, 
whereas the more toxic California butterflies ranged from 10.6 
to 2.8. We did not resolve the number of ED,, units below 
these minima. There is, however, a concentration threshold 
below which the butterflies are effectively not emetic in terms 
of the numbers capable of being ingested per bird per unit time. 
For the California sample, this threshold is certainly not less 
than an absorbance of 0.050, so that at least 47% of the popula- 
tion is effectively palatable. A small percentage of the popula- 
tion (perhaps 5-10°) contains less than one emetic unit and is 
therefore of intermediate palatability, while the remaining 
43-48% is unsuitable as food. For the Massachusetts sample, 
the threshold is not as clear-cut, but is probably near an 
absorbance of 0.150. Thus only about 10% of the Massa- 
chusetts population is effectively palatable, with a larger group 
of intermediate palatability (about 35%), leaving approximately 
§5°% of the population with one to two ED,, units. 

The mean absorbance per butterfly in Massachusetts 
reported? in 1970 (0.198), when corrected (0.281), was 15% 
lower than found in 1971, (f=3.42, d.f.=475, P <0.001). 
However, the corrected absorbance values of one ED,, unit 
for the 2 yr are very similar: 0.327 for 1970 and 0.320 for 1971. 
In other words, the basic emetic properties per unit of absorb- 
ance remained virtually the same, but the mean concentration 
changed, probably because of a difference in environmental 
factors affecting cardiac glycoside production in the wild 
milkweeds during the 2 yr. 

The fact that California and Massachusetts populations 
contain both palatable and unpalatable butterflies vetifies the 
heretofore largely theoretical category of mimicry known as 
automimicry!?!*. In this type of mimicry, which is mathe- 
matically analgous to a perfect Batesian mimicry system, the 
palatable individuals of the species derive mimetic protection 









from the unpalatable portion of the same population from which 
they cannot be visually distinguished. Automimicry theory 
predicts that the more noxious the unpalatable individuals are, 
the higher can be the proportion of palatables in ihe population. 
The greater percentage of completely palatable butterflies m 
the much more noxious California population compared with 
the Massachusetts population verifies this prediction. More 
over, the high degree of protection that must resull from 
very emetic California butterflies probably made possible 
evolution of the spectacular overwintering clusters which are 
found on the California coast but not in the East. 

The assumption that wild Danaine butterflies are unik 
unpalatable has played a key roll in the development of nin 
theory. This assumption can no longer be made, however, 
either in attempts to interpret older experiments’ or in fulure 
work. Our study makes it clear that unpalatability is a 
dynamic situation. We must also question whether all 
Danaine species are equally adept at sequestering cardenolides, 
as well as whether they are equally able to eat the vario 
poisonous to nonpoisonous milkweed species available 
them. Because of the dynamics of palatability, certain of the 
inconsistencies in the mimicry literature, such as the colour 
polymorphism found in some populations af sept y 
unpalatable butterfly species®, now seem amenable to ana Sis. 
An interesting case is the widespread African Danaus chrysippus 
L. which is polymorphic in some parts of its range and rm 
morphic in others'*. Where monomorphic, a sub: 
portion of the population is probably unpalatable. 
other areas, D. chrysippus may be effectively palatable 
polymorphic Batesian mimic. 

The distinct differences in emetic properties of the card 
found in the Massachusetts and California butterflies s 
that more Asclepias species might profitably be iny 
to discover new cardenolides which retain their useful attributes 
as heart drugs, but which have less noxious emetic side 
effects*?,38. 
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Genetic selection of behavioural characteristics has been 


observed, among others, in the Maudsley, Roman, and Tryon ` 


=o strain of rats!. Here we describe an experiment designed to 
test the hypothesis that rats could be selectively bred to win 
-Or lose in a food competition situation of the type reported 
=c by Lindzey et al? with mice and later used by other authors 
with rats*-8, 
The apparatus is described in detail elsewhere®. Briefly, it 
-consisted of a straight wood runway 100 em long, connected 
at the extremities with two identical open-topped chambers: 
<c a guillotine door bisected the runway. The animals had food 
=> withheld for 20-22 h and were trained individually every 
48 h to traverse the runway to be rewarded with food. They 
were then subjected to the contest situation, in which two 
‘rats were simultaneously introduced into the opposite sides 
of the apparatus, As the rats met in the middle of the run- 
way, one pushed the other and gained the reward. 
~ The offspring of three randomly selected couples of Wistar 
rats from our own colony, mantained by random breeding, 
ere subjected to the competitive situation when about 80 d 
old. A stable hierarchy of winners and losers was obtained 
among seven females and seven males. The two male rats 
vhich eonsistently won were bred with the two females that 
were wimners from their hierarchy. Similarly, the two loser 
rats of the female and male hierarchy were also bred. The off- 
spring (F1) consisted of 15 rats which were descendants of 
“winner couples (DW) and 14 rats which were descendants 
-of loser couples (DL). At 80 d of age, competitive hierarchies 
were established independently for DW males, DW females, 
© DL males and DL females. The two DW male rats which 
occupied the top of the hierarchy were mated with the two 
-DW female rats which also occupied the first and the second 
positions. Similarly, the two DL males at the bottom of their 
~ hierarchy were mated with the two DL females which oc- 
= eupied the last two positions. Only one female and one male 
~ were put together for mating. 
|. F2, consisting of 15 DL and 11 DW were tested against 
= random-bred controls, using a fixed pair procedure, Each pair 
was made up by a DW or DL rat and a random-bred con- 
trol of the same sex and age. Each pair was subjected to three 
experimental sessions consisting of five contests each. After 
= that, the rats were selected for mating according to their 
=: number of wins (DW that won at least 13 out of the 15 
contests and DL that lost at least 13 out of the 15 contests). 
F3 (31 DW and 31 DL) and F4 (32 DW and 32 DL), were 
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Fig. 1 Percentage of wins obtained by 23 DW males (@) 

and 37 DW females (O) when competing in aetraight run- 

< way against 23 DL males and 37 DL females, eespectively. 
>o The difference between the number of victories obtained 
and the casual level of 50% was significant in every con- 
test. The statistical analysis was performed for females 
<o using the binomial test for large samples (P < 0.001) and 
using the binomial test for small samples for males (P < 
` + 0.002). k 








subject 


‘ted to the same procedure as F2. In the three genera- 
tions (F2, F3 and F4) tested against randombred. controls, 
the DW rats won about 75% of the contests while the DL 
rats lost nearly 80% of the contests. Throughout the gen- 
erations, mating brothers and sisters was avoided when pos- 
sible. At the F1 and F2 about 50% of the couples which 
were mated were brother and sisters while this dropped to 
about 10% in the following generations. 

In F5, 60 pairs were formed, each consisting of a DW and 
a DL rat of similar weight. Thirty-seven pairs were females 
and the remaining 23 males. Each pair, deprived of food 
for about 22 h, was tested using the fixed pair procedure. 
Three experimental sessions were run, consisting of five 
contests each. The results (Fig. 1) show that DW rats con- 
sistently won more than 80% of the 15 contests. In all gen- 
erations, records of weights were kept and correlations 
between weight and number of wins were calculated. No sig- 
nificant correlations were found. 

These data indicate that genetic selection occurred. DW 
and DL rats probably have different behavioural or phys- 
iological characteristics, which are yet to be detected, that 
led them either to win or lose in the straight runway. The 
possibility that the results obtained were not due to genetic 
selection but to an influence of the mothers during weaning 
was excluded, as in the F4 and in the F5 generation, all 
rats were reared by foster mothers, 

How winning and losing in the straight runway correlates 
with other competitive situations remains to be investigated. 
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Infectious particles in a marine ciliate 


INFECTIOUS, self-reproducing particles of unknown origin have 
been demonstrated in various tissues and cells':?, notably 
fresh water protozoa’, but not in marine protozoa. Advances 
in the development of culture media for marine ciliates* and 
the need for simple model systems for biochemical study of 
mtracytoplasmic particles have led us to survey marine 
protozoa. Of 104 isolates made from twenty-one seawater 
samples taken from tidal pools and brackish backwaters along 
the South Florida coast, twenty-six were cultivated axenically 
as described before*. Of these, four contained in their cyto- 
plasm ‘infectious, self-reproducing particles, which we have 
termed ‘xenosomes’ (zenos, alien; soma, body). 

The xenosomes were found in aceto-orcein-stained prep- 
arations* under the phase microscope (Fig. la). They seemed 
to be distributed randomly throughout the cytoplasm. We 
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have maintained one xenosome-bearing stock, a small hy- 
menostome ciliate identified as Parauronema acutum 110-3, 
for more than 2 yr, subcultured weekly, without loss of parti- 
cles, The ciliates were maintained axenically in M medium‘ 
modified to contain 500 ug mi asolectin as the sole source 
of lipid, at 22°C in the dark. From 10 1 of late logarithmic 
phase culture containing approximately 10° animals ml, we 
recovered as many as 8.0 X 10! highly purified particles per 
attempt (Fig. 1d). The method of isolation and purification 
of the particles was essentially the same as that used with 
the mu and pi symbionts of Paramecium aurelia®. Xenosomes 
appear as rod-shaped particles, approximately 0.3 um wide 
and 1.0 am long. They occur exclusively in the cytoplasm in 
numbers reaching 300 per protozoon. When released from the 
protozoa (ruptured by gentle pressure of a glass coverslip) 
the particles can be seen spinning (propellor-like) and dart- 
ing rapidly, suggesting the presence of a motile apparatus, 
perhaps flagella. Xenosomes are Gram negative and appear 
to divide within the cytoplasm by transverse fission, as evi- 
denced by a furrow, seen in some particles, in a plane per- 
pendicular to their long axis. The appearance of the particles 
in the electron microscope (in situ) suggests that they are 
bounded by a double-track membrane (Fig. 1c). Dispersed 
throughout the internal contents of the particle is a network 
of fibrous strands, which disappears after treatment with 





Fic. 1 Phase micrographs of xenogome-bearing (a) and 
xenosome-free (b) Parauronema acutum stained with aceto- 
orcein dye. (c), Electron micrograph of a xenosome in 
situ. Specimens were fixed in 1.33% OsO, buffered with 02 
M 7-collidine, pH 74 prepared in seawater of density = 
1015 g cmr* for 30 min at 0°C, Ciliates were left in, buffer 
overnight at 0°C, dehydrated through an alcohol series and 
embedded in Araldite. Ultrathin sections were cut with a 

knife, doubly stained with alcohol-uranyl acetate and 
ead acetate and examined in a Phillips EM 300 electron 
microscope. d, Phase micrograph of isolated and purified 

xenosomes, unstained (570). 





Taste 1 Comparison of infectivity of whole culture blendates 
(cell-free) with filtrates of xenosome-bearing P. acutum 110-3 





Sample dilution 
1:4 l; 


Sample tested As is 1:2 1:16 
Whole culture, 

blended and filtered 76 41 i8 0 l 
Filtrate only, 

no blending 80 39 17 3 0 
Filtrate only, 

blended 75 52 28 7 0 





Figures represent percentage of animals infected. 


Cultures of xenosome-bearing P. acutum 110-3 in the exponential 
phase of growth (population density, 0.5 XxX 10° — LO X 10 
animals ml“) were either blended in a sterile Waring blendor to 
more than 95% cell breakage and filtered through a sterile Millipore 
filter (8 um pores) to remove unbroken cells, or filtered directly 
without blending. Samples of 0.1 ml of the filtrates, or dilutions 
thereof, were added to 0.9 ml each of fresh modified M culture 
medium contained in the wells of nine-spot depression slides, 
inoculated with about 200 particle-free animals, and incubated at 
22°C in the dark in humidifying chambers for 7-10d. About 
5 ul of the cell suspension from each depression was then placed 
on a glass slide, exposed to osmium vapours (2% (w/v) OsO, in 
distilled water) for about 5 s and allowed to dry at room 
ture. A small drop of aceto-orcein dye was added, followed by a 
coverslip, and the animals were viewed under oil immersion — 
phase optics in the Leitz microscope. Fifty animals from 
depression were observed and scored for the presence of particles. 
The number of animals containing particles from triplicate depres- 
sion slide cultures were averaged and the data expressed as per- 
centage of animals infected. A filtered sample of the culture, 
blended ‘ta the same time as the whole culture, was included as 
& control. 


DNase and, presumably, consists of DNA. Attempts to eul- 
ture the particles outside the host in media similar to that 
used for the ciliates themselves have not been successful. 
Nor has it been possible to grow particles in media sup- 
plemented with biological materials and growth factors. 

Purified particle preparations were fractionated by the 
Schneider procedure® and the nucleic acids were extracted 
from the dry, de-fatted residues with hot trichloroacetic acid 
(TCA). The extract was analysed for DNA by the dipheny- 
lamine procedure’ or by the method of Webb and Levy” and 
for RNA by the orcinol procedure®. Protein was determined 
by solubilising the TCA-extracted residue in 0.1 N NaOH 
and assaying the extract by the Lowry procedure*®. The DNA, 
RNA and protein content of the isolated particles (pg per 
particle (+ s.d.)) was 0.008 + 0.002; 0.031 + 0.007; and 
0.041 + 0.007 respectively. The data represent average val- 
ues of nine duplicate determinations of seven preparations. 

When penicillin, tetracycline or chloramphenicol were added 
to the culture medium at the time of inoculation, the parti- 
cles within the cells were destroyed and lost irreversibly from 
the cytoplasm. (Optimum concentrations that eliminated par- 
ticles from the cytoplasm but did not significantly affect 
growth or division were 50 U ml“ for pencillin, 0.5 ag mi~ 
for tetracycline and 0.25 pg ml for chloramphenicol.) 
Cycloheximide, neomycin sulphate and streptomycin had 
no such selective effect. Xenosomes in situ were also de- 
stroyed by irradiation with an electron beam (Fig. 2a): the 
effective dose (ED w) was about 30,000 rad, comparable with 
values reported for X-irradiation of certain bacteria and 
members of the Mycoplasma". The ED» for the protezoon 
itself was approximately 260,000 rad. Thus, xenosomes could 
be removed from the cytoplasm of the ciliates by treatment 
with the electron beam using doses of about 200,000 rad 
(see graph ia Fig. 2a). 

The infectious nature of the particles was demonstrated by 
adding aliquots of cell-free blendates or filtrates of xenosome- 
bearing cultures to particle-free animals and observing the 


3 uptake of the partieles into the cytoplasm. The infective agent 


readily passed through Millipofe filters with pores § pm 
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Fic. 2 a, Selective effect of electron beam irradiation on 
xenosomes in situ. Xenosome-bearing P. acutum 110-3 
was inoculated into 5 ml of fresh medium in sterile 30-ml 
tissue culture flasks (No. 3012, Falcon) at a cell density of 
10,000 ml. The cell suspension was 2 mm deep. Flasks 
were irradiated in a CLINAC 6 MeV linear accelerator 
(Varian Associates) with an output of 3.5 MeV at 10,000 
rad min-? for doses up to 100,000 rad and 100,000 rad min? 
for larger doses. Flasks were then incubated for 7 d at 22° 
as in the dark. Both protozoon and particle populations 
were estimated as described previously5. Population densi- 
ties of non-irradiated protozoons averaged 23 x 10° mi-3 ; 
the number of xenosomes per protozoon was estimated at 
204 + 25 (sd.). Thus, the ‘population’ of xenosomes cal- 
culated per ml of culture was 4.7 X 108. x, Protozoan; 
@, xenosomes. b, Release of infectious agent into ambient 
culture fluid. Exponential phase xenosome-bearing animals 
eultured in M medium were washed free of exogenous par- 
ticles by centrifugation tnree times at 600 g for 1 min each, 
suspended in M medium at a cell density of 500,000 ml 
and left at 22°C in the dark. Samples were removed at inter- 
vals, filtered (Millipore, 8 wm pores) to remove the cells, 
and filtrates were assayed for infectivity as described in 
Table 1. c, Stability of infectious agent to temperature. 
Filtrates of exponential phase xenosome-bearing animals 
cultured in M medium were left at various temperatures. 
Samples were removed at intervals, brought rapidly to 22°C 
and assayed for infectivity (see Table 1) O, 65°C; x, 37°C; 
©, 22°C; A, 4°C. d, Experimental frequency of positive 
response (infectivity) to various concentrations of xeno- 
somes in filtrates of xenosome-bearing P. acutum. Abscissa : 
logarithm of concentration (empirical scale). Ordinate: P, 
frequency of infection. Each point represents the average 
value of four experiments. The solid line was the curve de- 
rived from the expression P sne = 1 — e* where P, is the 
probability of having at least one infective particle per 
protozoon and s is the average number of particles per 
sample. Infectivity was determined as described in Table 1. 





in diameter, but not when the pores were 0.49 pm or less 
in diameter. We found no significant quantitative difference 
when whole filtered blendates were compared with cell-free 
culture filtrates for infectious activity (Table 1). This sug- 
gests that infectivity is associated with a particulate agent 
released from the protozoon into the culture medium. Figure 
2b shows the release of the infective agent into the ambient 
culture fluid from particle-bearers washed free of exogenous 
particles. The infectious agent was relatively unstable to 
temperature (Fig. 2c). Infectious activity was lost almost 
immediately at 65°C; about half the infections activity re- 
mained after 1 h at 37°C and after 2 h at 22°C or APC. 
Sonication for periods as brief as 20 s completely inactivated 


particles present in cell-free culture filtrates. Attempts to.” 


stabilise the infectious agent by varying conditions of ionic 
strength, osmotic pressuré and pH have beers uusuccessful. 
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Statistical analysis of the mode of action of the infectious 
agent present in culture filtrates suggests that a single parti- 
cle can infect a susceptible particle-free animal (Fig. 2d). 
Although host range studies were limited by the lack of 
well-characterised strains of marine ciliates, we have found 
that the xenosomes of this strain can infect three other 
particle-free stocks of Paraurenema acutum, but not Uro- 
nema nigricans or the related Parauronema virgimanum. 
We thank Arthur C. Borror, University of New Hampshire 

for identifying Parawronema acutum, G. Musil for the phase 
and electron micrographs and M. Feldman for the radiation 
study with the electron beam. The work was supported m 
part by the US National Science Foundation. 
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Alkyl—cobalt mediation of DDT hydrolysis 


A POSSIBLE role for vitamin Baa in the detoxification of poly- 
halogenated hydrocarbon pesticides such as DDT has oeta- 
sionally been postulated (ref 1 and references therein), and 
DDT has been shown to inhibit bacterial B-dependent 
methanogenesis?. Although reduced cobalamins and coba- 
loximes will react with simpler species such as polyhalome- 
thanes*4, no adduct between DDT or related compounds 
and cobalt has previously been observed?. It has been sug- 
gested that alkyl-cobalt complexes of the ligand CR. (Fig. 1) 


CHN Sy oy oH 
N N 
° 
N 
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Fig. 1 The macrocyclic ligand CR. 
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some chemical similarities to By (ref. 5) and zine com- 
es of CR have yielded results relevant to carbonic 
anhydrase, We report the use of cobalt-CR to mediate the 
hydrolysis of DDT, the isolation of an alkyl-cobalt deriva- 
tive of a hydrolysis product of DDT, and the formation of 
a difp-chlorophenyl ketone from this compound. 
~The Co(II) complex of CR was prepared in aqueous 
hanol by the standard template method’, and reduced 
dn situ to the nucleophilic Co(1) species using borohydride at 
9H 9, This was allowed to react under nitrogen with pure 
p, vw -DDT, and the solution warmed to 40° C and stirred 
for 12 h in the dark. A deep red, light-sensitive solution 
resulted and addition of PEs or ClO, produced a red, tarry 
product. This was very difficult to purify but a small quantity 
of the ClO, salt was isolated as a clean, maroon powder by 
repeated reprecipitation from ethanol / /ether, 

The infrared spectrum of this compound has an intense 
band around 1,100 cenrt, confirming the presence of ClO. 
A broad area above 3200 em and around the Nujol absorp- 
tion at 2,900 em™ is attributable to a carboxylic acid group 
hydrogen bonding with water. The region 1,550-1,675 cm 
is dominated by the C=C and C=N vibrations of the aromatic 
rings and these could well mask the C=O stretehing vibration 
if this group displays some resonant single-bond character. 
The presence of ionic chloride in the compound was demon- 
strated by silver nitrate titration and the resulting solution 
was left in sunlight for a few days. Extraction of the solution 
with toluene yielded a white powder—shown to be pure by 
thin-layer chromatography—with a mass spectrum identical 
to that of an authentic sample of di(p-chlorophenyl) ketone. 
These results lead us to suggest that the complex is as shown 
in Fig. 2: this is supported by microanalysis (required .per- 
centages for CoCwH.N,O,C),: C, 45.3; H, 4.6; N, 7.3; total 
Cl, 18.5: percentages found: C, 44.8: H, 4.5; N, 7.7; total 
Cl 18.1) and by mass spectrometry. Thermolysis of the 
compound on the mass spectrometer probe at 200° C pro- 
duced many fragments but, considering only those displaying 
peaks at the highest values of m/e, groups are observed at 
m/e = 248, 250, 252 (intensities 9:6:1) and 235, 237, 239 
(9:6:1). The isotopic distribution of 34C] and *?7Cl implies 
that these peaks are due to species each containing two 
chlorine atoms. Since the aromatic chlorines will be stable 
under the reaction conditions used, in contrast to the aliphatic 
chlorines, we assign these peaks to (p-CIC.H,).C.H,”’ and 
(p-CIC.H)CH*. The latter is expected from cobalt-carbon 
bond cleavage and loss of CO,, and peaks attributable to 
(p-CIC.H,) .CH-C(OH), are present m the region m/e 
281-285 but the re Jae intensities are obscured by the 
presence of other fragments. It has been pointed out to us 
that the former set of peaks may be due to hydrogen transfer 
from the CR ligand during thermolysis. 

The formation of the isolated compound from Co(I)CR 
and DDT may be readily rationalised. Nucleophilic attack 
by Co(1) will displace Cr and the resulting complex can 
then eliminate H* and Co({I) to form 1,1-di(p-CIC,H,)-2,2- 
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Fic. 2 Suggested structure of the isolated alkyl-cobalt 
intermediate. 
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dichloroethylene; further attack on Cl by 
drolysis of the chlorines on C2 gives the alde hyd © 
which is easily oxidised to the acid during workup. 
of reactions ff olved here have been fully de 
Sechrauzer*’, The production of di(p-chlorops 
explained by photolysis of the cobalt-carbon | 
a radical, which in aqueous solution gives rise 
hydroxy-carboxylic acid. In the presence of Ag 
radical species such as Co(II) or O, this wil re: 
boxylate to the ketone (Fig. 3) (J. Staunton, pers 
munication). 
These results indicate that the involvement of alkyi= 
species in the hydrolytic detoxification of DDT is 
feasible. They also show that hydrolysis and part 
tion of DDT by this route requires far less \ 
tions than the strong base and oxidising ager 
to bring about these reactions. There are evi 
possible reaction pathways for the dechiorm« 
in complex biological systems such as anaere 
sludge”, The presence of microorganisms m the 
means that B,.-mediated routes are available 
routes have also been cata in ae e biologi 
of mercury?®:!4—and it is thus of g 
di(p- chlorophenyl ) ketone is Price | among ne 
from DDT in sewage sludge!?. The possible in 
Ba in the formation of this compound, rather th 
a degradation produce of di{p-chlorophenyl}acete 
open to consideration. 
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samples, the staff of the microanalytical departi 
Science Research Council for a grant to DAS. 
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Genetics and the development of 
social attitudes 


Wuatever the current norms might be with regard to public 
opinion about various issues, and whatever factors contribute 
to their change with time, attitudes are far from uniform. 
Eysenck? has shown how responses to a public opinon ques- 
tionnaire could be resolved into two main factors: ‘radicalism’ 
(R) against ‘conservatism’ and ‘toughmindedness’ (T) against 
‘tendermindedness’, Individual differences in opmion are, to 
some degree, the social manifestation of individual differences 
in personality. Signifieant covariation has been detected be- 
tween various measures of extraversion (F) and 7. Wilson?” 


justify a more penetrating analysis of the extent to w hich 


basis. 

We consider the causes of trait covariation within and 
between pairs of monozygotic (MZ) and dizygotic (DZ) 
twins. From the responses of 708 volunteer pairs of like-sexed 
twins to an 80-item Personality Inventory and to a 60-item 
Public Opinion Inventory, scores were derived on scales of 
psychoticism (P), extraversion (E), neuroticism ( Nj, R and 
T, together with an emphasis (Em) score which indieated 
any tendency of subjects to adopt more extreme opinions. 
The questionnaires and the seoring keys used have been 
published elsewhere! t, 

On the basis of replies to questions concerning childhood 
similarity, the twins were diagnosed as MZ or DZ (ref. 5). 
The pairs differed in their ages and in the time for which 
they had lived apart. Our analysis is based on the raw scores 
and the absence of an age correction will not severely affect 
the conclusions from a study which can only detect gross 
effects, 

The MZ intrapair differences in personality were not related 
to the duration of separation, so we have pooled separated 
and unseparated twins. The composition of the sample by 
zygosity and sex is shown in Table 1, and it can be seen 
that it is not representative of zygosity or sex, although the 
twins are representative of the population with respect to 
variation for the traits in question. The data were sum- 
marised by the mean squares and mean products within and 
between pairs for every trait and group of twins. 

Twin data alone are inadequate for a detailed genetic 
analysis, particularly when the twins were not properly 
separated®, so the structure of our data limited us to tests 
of comparatively simple hypotheses. We had to accept esti- 
mates of components which may be biased and tests which 
are not very powerful. 

We wished to test, and hoped to choose between, two 
hypotheses of equal rank about the causes of variation and 
covariation for our six scales of personality and attitude. The 
hypotheses are: (1) that all the observed trait variation and 
covariation is attributable either to differences between the 
environmental influences shared by members of the same 
pair (F.), or to differences in the environmental influences 
specific to individuals within the family (#,); and (2) that 
all the variation and covariation is attributable either to the 
cumulative and additive effects of many loci for which the 
population is polymorphic (Da), or to specifi® (#,) environ- 
mental influences. We refer to the first hypothsis as the 
‘simple environmental hypothesis’ and the second as the 
‘simple genetic hypothesis’. s 

For a particular pair of traits, 7 and j, we can write expete 
tations for the mean prqducts, in terms of the genetic and 
environmental covariance components for thaf pair of traits. 
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Tarte 1 Composition of the sample of twins (number of pairs) 
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Sex Total 
Male Female 
MZ 120 331 451 
Ay gosity 
DZ 59 198 257 
Total 179 529 708 
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These components are Dai;, Hy; and Feu, and they have been 
defined in detail and the restrictions on their mterpretation 
discussed elsewhere?. The expectations derived for both simple 
hypotheses are given in Table 2, 

The coefficients of Dy are applicable to randomly mating 
populations. The slight assortative mating observed for per- 
sonality variables is insufficient to eause a serious departure 
from these expectations, since the heritability of the traits is 
quite low. Insel* reported correlations between spouses for 
the Wilson Conservatism Scale, finding values between 0.59 
and 0.66. If this correlation had a large genetic component, 
its effect in our case, would be inseparable from Æ, and would 
contribute to failure of our simple genetic model. It is pos- 
sible to obtain weighted least squares estimates of the 


parameters of either model’. A detailed analysis suggested 
that the genetic and environmental parameters might be 
inconsistent over sexes. At the risk of introducing some 
redundancy into our model, therefore, we allowed different 
values for our estimates in the two sexes and subsequently 


concluded that a model invoking only environmental factors 
fails to provide an adequate deseription of the variation and 
covariation of the six traits. For the simple genetie hy- 
pothesis, we found that the residual chi square is smaller 
(xu? = 111,60, P œ 0.025) and just significant. A model in 
which De E, and E, were fitted jointly gave a very satis- 
factory fit (xa? = 47.98, P ~ 0.24), suggesting that some E, 


(Table 3). The results were obtained by pooling estimates 
over S@Xes. 

The estimates for the components of variance can be used 
to ealeulate heritabilities for the six traits from 


At = Dr/G Dr + E) 
and provided we are justified in accepting our model, these 
estimates refer to the proportion of the population variance 
which is genetic in origin (Table 4). 

The simple environmental model is insufficient to explain 
the observed variation and covariation of the traits in this 
study, We are, however, restricted by the structure of the 
data available. A larger or better designed study might 
identify common environmental influences in the departures 
from expectation which, in our study, appear as error. We 
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Tanin 2 Expectations of mean squares (mean products) on 
two simple models 
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Expectation 


Model Environmental Genetic 
Parameter Bui; Bai; Deis Ei 
Mean square/product 

Between MZ pairs 1 2 1 1 
Within MZ pairs 1 l 
Between DZ pairs 1 2 2 1 
Within DZ pairs 1 } 1 


BRAMIE ANABAENA ARAARA ETIE AEAEE AEEA ERASATEN 


249 May 17 1974 





Jal, 
TABLE 3 Estimates of parameters of a simple genetic model* 
E Dg (genetic) E (environmental) | Í 
Scale R T Em P E N R T Em p E 
Ro 1239$ —1.43 4.38§ 0.81  —0.29 2.08 3.378 ~—1.19§ 1.37% 0.02 
Pin #21.589 —4.19 2.118 6.624 2.61 19.188 —2.678 0.718 
-Em 40.679 2.471 —0.82 2.85 34.769 0.44 
a ie 3.19f 0.48 1.80} 2.92% 
17.619 —1.21 
22.044 


É w “Values given after pane over sexes. Where the estimates were heterogeneous over sexes they are ikd i 


-$ Significant at the 0.05 level. 
§ Significant at the 0.01 level. 
€ Significant at the 0.001 level. 


can, however, be reasonably confident that some kind of 
genetic mechanism has to be invoked to account for the 
observations so far. That such a mechanism might involve 
the correlation of developmentally significant environmental 
factors with genetic variation should not be discounted. About 
half the variation between individuals for the six traits has 
a genetic basis (Table 4). 

There are also some predictable significant covariance 
terms, Our study confirms the correlation between F and T, 
showing that it has a genetic, rather than an environmental 
basis, since only the Dr component is significant. There is 
also a significant. genetic correlation between P and Hm. This 
suggests that individuals who achieve high P scores share 
the strong conviction of being right, which is characteristic 
of some psychotic behaviour. The more significant tendency, 
for high P scores to be associated with “toughmindedness’ 
scores, is perhaps indicative of psychopathic tendencies which 
are known to be related genetically to psychosis and hence 
to P (ref. 9). 

Although we claim to show some common basis for differ- 
ences in personality and attitude, we stress that, for the 
seales in question, the greater part of the genetic and environ- 
mental variation is specific to particular traits. ‘Radicalism’ 
scores, for example, are totally independent of the measured 
personality variables, although they have significant associa- 
tions with the other attitude measures. 

Genotype-environmental interaction could inflate our esti- 
mates of both Dy and E.. Some kinds of correlation between 
G and Æ may be discounted because the fit of the Dy, Ea, Ea 
model implies that the total dispersions are homogeneous for 
the different kinds of twins. In many eases, however, geno- 
type-environment correlation, 1f present, remains as a source 
of bias in our estimated genetic components. 

Our model assumed that gene action is purely additive. 
Even without the complication of FE, it would have been 
virtually impossible to identify any non-additive variation 
in our study. The bias in parameters estimated from twin 
studies in tne presence of dominance is discussed elsewhere’. 

Extrapolation from these results to other populations and 
eultures is likely to be misleading because they are almost 
certain to differ with respect to the relative importance of 
different determinants of variation. 

If we restrict ourselves to the British population and con- 
temporary culture, we expect, on the basis of our simple 





Taste 4 Heritability estimates for personality and social 
attitude scales 





Scale ht 
R 0.65 
T 0. 54* : 
Em 0.37 
P 0.35 
E 0.48 
N 0.49 





_* Based on pooling heterogeneous estimates for two sexes. 

























genetic model, that attitudes in parents would be 
poor predictors of attitudes in offspring, Pare 
correlations would be about toht, given random n 
thus to be roughly between 0.2 and 0.3. Many « 
able familial correlations for attitudes (see fot 
ref. 10) come from pre-war studies and show p: 
aad sibling correlations which are much higher. ’ 
enee, If reals could reflect the consequences of culty 
during the last 30-40 yr. If individuality and mobiat 
encouraged, common environmental (Ee) influences 
play a significant part in maintaining the kares of 
ion in attitude. In such a situation, parent~offepring- 
tions would resemble those for siblings and Mi 
culture which promotes individuality and mobility 
may reveal a pattern of similariy between rels 
depends more obviously on genetie components 
greater significance to the environmental experie 
are unique to the individual, irrespective of his | 
vironment. More recently, Insel® has obtained ca 
between parents and offspring for the Wilson Conse 
Seale which are still too large to be consistent with å 
genetic model, so we cannot regard the issue as æ 
sensitivity of attitudes to cultural change may 
make them a useful indication of the interdepend 
expression and culture and encourage further resear 
subject. 
The computations were conducted on the U 
Birmingham KDF-9 computer. We thank the + 
Research Council and the Medical Reses 
grants, Mrs J. Kasriel for help in data 
Professor J. L. Jinks for helpful comments on tl 
script. 
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0 tion—certainly believe, sometimes yes, 






. ~ Persistence of traditional beliefs 
‘among undergraduates 


JaHopa?, Pasachoff et al.*, and Salter and Routledge? have 
investigated the hypothesis that university education leads 
to the decline of supernatural beliefs, arriving at strikingly 


out an extension of these studies at our institution. Our 
investigations were aimed at an evaluation of the per- 
sistence of traditional, Eastern beliefs among undergrad- 
uates, 

One hundred and forty science undergraduates (100 male 
and 40 female), chosen at random, answered 14 questions 
on astronomy, astrology, superstitions, evil spirits, auspicious 
time, pilgrimage and sacred animals (Table 1). 

. he returned questionnaires were first processed by the 
< year of study and then by sex. The options to each ques- 
sometimes no and 
eertainly do not—were allotted scores of 20, 11, 9 and O re- 
spectively (as in ref. 1 where 0 denoted ‘total unqualified 
disbelief’? and 20, ‘total unqualified belief’). For each ques- 
tion these scores were summed and then the sum was divided 
by the number of respondents, giving a ‘mean belief score’. 
There are two questions for each topic so by averaging the 





Tassie 1 The questionnaire 


This study seeks to evaluate the degree of traditional beliefs held 
by the students of our college. The answers shall be treated as 
confidential and it does not seek to evaluate individual students. 
Each of the questions below are provided with four options. Please 
indicate clearly by an ‘X’ the option most relevant to you. 


Personal data: 


(i) Year of graduate study: 1 yr, 2 yr or 3 yr. 
(ii) Sex: male or female. 


The respondents were then asked to answer certainly believe, 


sometimes yes, sometimes no or certainly do not te the following , 


questions. 
Astronomy: 


1, Do you believe that the stars and planets have any influence 
over your daily routine? 

2. Do you believe that the appearance of a comet or an eclipse 
brings bad luck? 


Astrology: 


3. Do you believe in consulting your partner’s horoscope before 
settling for marriage? 
4, Do you believe in palmistry and numerology? 


Superstitions: 


5. Do you believe that Friday, the 13th, is an unlucky day? 
6. Do you believe that treading on one’s nails would bring mis- 
fortune? 


Evil spirits: 

T. Do you believe that evil spirits dwell in the grave yard? 
8. Do you believe in the power of witchcraft and charms? 
Auspicious time: 


9. Do you believe in an “auspicious time” before setting off on 
important ventures? 

10. Do you believe that a child must be born at an “auspicious 
time’’ to be successful in life? 


Pilgrimage: 


11. Do you believe that the River Ganges has tlt ability to wash 
away your sins? . 


a you believe that shaving your head fulfills your vow to 
x0d? 


Sacred animals: 


13. Do you believe that the peacock (bird) ‘is a vehicle of God?e 
14. Do you hold snakes and cows to be sacred animals? 
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Tase 2 Average belief scores by the year of graduate study 


Third All 


First Second 

Question year year year years 
Astrology 7.67 7.43 Liat 7.49 
Astronomy 6.05 5.96 a.85 5.986 
Superstitions 8.48 8.16 8.11 R23 
Evil spirits tide 7.75 7.73 7.95 
Auspicious time 9.99 9.72 9.42 9.71 
Pilgrimage 7.01 6.95 6.83 6.93 
Sacred animals 7.07 6.95 6.62 6.88 
Mean ihe 7.56 7.42 7.567 
No. of subjects 42 41 57 140 





two mean scores an ‘average belief seore’ for that topie ts 
obtained. 

A seore of 5 or above was taken to indicate a persistence 
of beliefs. For example, with the students overall, we found 
an average belief score of 5.96 for the traditions in astronomy 
and 9.71 for auspicious time (Table 2), indicating a greater 
persistence of the belief in auspicious time over the astro- 
nomical traditions, 

The mean seore for all students and for all the questions 
is 7.567, indicating the prevalence of traditional, Eastern 
beliefs to a marked degree among science undergraduates 
(Table 2). But, unlike the study at the Umversity of Penn- 
sylvania®, there seems to be a difference in attitude between 
the sexes (Table 3). This may be attributable to both the 
environment and sociology of Indian society. Table 2 also 
shows a very gradual decline in beliefs with increasing time 
spent at the university. 





Taste 3 Average belief scores by sex 


amma aie renner e neritic AAAA n Muha e ide Miri seAiaNe enn AHHH mre A Ae AHA tty Ahh aan: 


Question Male Female Total 
Astrology 6.77 8.21 7.46 
Astronomy 5.8] 6.11 5.96 
Superstitions 8.16 8.34 8.25 

ovil spirits 7.21 8.29 TEE 
Auspicious time 9.36 10.06 9.71 
Pilgrimage 6.84 7.02 6.93 
Sacred animals 5.23 8.53 6.88 
Mean 7.054 8.08 7.567 
No. of subjects 100 40 140 





High seores of 9.71 and 8.25 for auspicious time and 
superstitions, respectively, may reflect the deep-rooted nature 
of these beliefs. It was surprising that a mean score of 5.06 
was recorded for astronomy, despite it being a finite science. 
The vast difference in scores for sacred animals between the 
sexes seems to be an example of the sex-differentiated atti- 
tude towards these beliefs. 

In conclusion, although our study was limited to science 
undergraduates, the results are similar to earlier studies?’ 
If traditional beliefs hinder scientific training, a way must 
be sought for their eradication to improve our activites m 
science. 

We thank Dr George Abraham for support. 


S. DirxesuH KUMAR 
C.J. K. HENRY 


Madras Christian College, 
Madras 600059 


Recefved November 19, 1973. 
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Indian view of research 


Economics of Research and Develop- 
ment. By P. M. Chowdhury. Pp. 
xi+ 163. (People’s Publishing House: 
New Delhi, (1973.) RsI8. 

AT a time when national expenditure 
on research in the United Kingdom 
has declined from the vigorous growth 
rates of the past two decades to the 
current provision which barely main- 
tains the present level of activities there 
is a great deal of thought about the 


“economics of R and D“. Mr 
Chowdhury’s subject is therefore 
timely. 


The publication, in one volume, of 
eleven essays chosen by the author 
from a decade of his writing “about 
the science of science” does not have 
the cohesion and logical development 
of thought which this. difficult subject 
undoubtedly needs. Readers will wish 
that the author had found the time to 
condense some of the more generalised 
essays and to link to them more 
coherently. He does not communicate 
ideas very easily and has à rather 
irritating habit of generalising in the 
conditional tense, often using technical 
slang unnecessarily, but the persever- 
ing reader is rewarded with nuggets of 
down-to-earth commonsense and useful 
ideas. 

Those who seek methods ia the 
evaluation of any wide-ranging national 
programme of research will readily 
agree that there are “woeful gaps in the 
data system” and will confirm the dif- 
ficulties of quantifying research output 
in terms of the production of scientific 
papers or of the registration of patents. 
Few of Mr Chowdhury’s scientific 
readers are likely to share his confident 
assertion that the economist is none- 
theless able to select research priorities 
and to assess research programmes. 

In the early essays it becomes clear 
that the author is concerned mainly 
with industrial research, that is with 
product and process studies, which are 
more amenable to short-range plan- 
ning and assessment than are the end- 
less surprises of the biological world 
in agricultural research. The part which 
the author considers chance to play in 
research is revealing in this context, 
and most experienced research workers 
will be startled to read that “it is dif- 
ficult to obviate the chance factor in 
research” and that “it has been 
» assumed that the impact of the chance 
© factor in R and D sector is more or 
Jess on par with that originating in the 


ook reviews 


production process in other sectors”. 
Emphasising the greater role of state 
involvement in R and D in developing, 
as compared with developed countries, 
the author concentrates heavily on the 


industrial sector and pays too little 


attention to the predominantly agricul- 
tural occupations of his fellow-country- 
men. In both the United States and the 
United Kingdom the state involvement 
in agricultural R and D outweighs that 
of the private sector. 

Mr Chowdhury takes a somewhat 
unflattering view of scientific research 
workers. The image of a research 
manager as one who “assumes the role 
of an erudite scientist, an efficient 
organiser or a smart salesman” would 
startle many senior scientific adminis- 
trators, but it is uncomfortably near to 
the truth. 

These essays show that India has 
encountered very much the same 
underlying problems in the organisa- 
tion of science as have the more inten- 
sively developed countries, for example 
that “public sector research is structur- 
ally separated from industry”. Indeed 
the major part of the reorganisation of 
British public research on the basis of 
Lord Rothschild’s advice, in three 
major aspects of biology, those of 
medicine, agriculture and the natural 
environment, was to overcome this 
separation in a highly developed 
economy. Mr Chowdhury’s solutions 
are similar to those of other countries: 
of technically efficient scientific advi- 
sory committees, with a large measure 
of independence and a long and stable 
lease of life. The British Industrial 
Research Associations would be in full 
agreement with the author’s conclusion 
that “sponsorship of projects by indus- 
tries may make them more conscious 
about programming aspect of the 
project”. 

The author concludes that in many 
developing countries research projects 
of national importance have failed to 
receive sufficient momentum for want 
of really capable personnel for manag- 
ing them, which summarises effectively 
some two decades of premature cam- 
paigns for “localisation”. 

The eleven essays offer comments 
on planning, investment and program- 
ming in R and D, balance of paynfents 
and consesvation of foreign exchange, 
employment of scientific and technical 
personnel and the perspectives of 
development. 

In a brief but illuminating foreword 
by Dr B. D. Nag Chaudhuri, Director 


*tion. The chief flaw is that the che 






General of R and D in the Ministry of 
Defence, there is set out very clearl 
the dilemma of Indian scientist 
off by their higher standard tie 
from the largely agricultural problems 
of the population, but uneasy in their 
uncertain relationships with the afb 
powerful administration. 

These essays will interest all 
concerned with developing count 
and should be particularly valwable Tor 
those who strive to understand the vast 
complexities of the modern þndisn 
scene. H. C., PERERA 



















The pee ceme 


Bolton. Pp. 48. Onno 
Thames, Surrey, 1973.) 7p. 
SCIENTIFIC autobiography in bi ank verse 
is a literary genre not often atter 
but this little book shows that H can 
be done successfully. Although the 
author's note tells us that the even! 
described are imaginary, the links v 
real life are close. The protagonist © 
the poem (he is too unheroic | 
called the hero) struggles to qua. 
night school; then he has a 
chemical research at South Kens 
enters industry in the 1930s: eng 
“vital war work”; returns 
chemical industry after the war). 
in the 60s; and is now concerned | 
environmental and ecological issues, 
after a lifetime as 

An ignorant chemist whose ways of 

-dife had run 
"Within deep narrow channels 


His life has flowed like a river, ci 
ing him he knows not where; his car 
proceeded without self-guidance : 
ingly by blind chance. After he retir 
the stream broadened out mio a 3 
expanse, letting him see at last the fie 
of the land around. The poem gam 
strength from our familiarity with t 
Neoplatonic imagery of the individual 
being borne as in a boat down the tur 
bulent stream of life, used directly im 
Shelley’s Alastor and obliquely m 
Coleridge’s Ancient Mariner. 

A poem on so mundane a fopic 
depends crucially on the quality of 
wording, a challenge which the an 
meets with a fair degree of suc 
The writing is careful and, altho 
‘here are some dull patches, the 
rative flows easily and has enoug 
imaginative moments to hold the atten 









































himself is toò much of a puppet, with 
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is ‘discov yO 
rings a pie of Sone proe Words- 
orthian feeling: 


So, finally I chiselled out this goal: 
-To learn to live with nature, 
| not oppose it, 
Exploit, burn up and devastate: 
To change from miners into 
farmers . 
_ crashing down those barriers 
which divide 
Science from man and man from 
| natural 
| Things and man from man and all 
that is 
we Of simple panoramic love and 
ae _ permanence. 

































D. G. Kinc-HELE 


Da angerous insects 


sects and Other Arthropods of Medi- 
cal Importance. Edited by Kenneth G. 
cW. Smith. Pp. xiv+561. +12 plates. 
(British Museum (Natural History): 
London, 1973.) £6.50. 


Jus is a revised and expanded edition 
of an earlier book by Dr J. Smart, 
‘published in 1944, which dealt mainly 
with the fauna of the Old World and 
included little biological information. 
The present work is much larger, 
covers the whole world and is by 16 
authors. The primary purpose of the 
book is still to enable non-specialists 
to identify to generic or subgeneric 
level arthropods, especially insects, of 
. medical importance. Many species 
which are essentially parasites of ani- 
-mals are also included because many 
of them also attack man, if only on 
-rare occasions. It will probably come 
-aş a surprise to the non-specialist to 
learn that several moths feed on eye 
liquids of vertebrates and that one is 
even capable of piercing the skin and 
oe sucking blood. 
- Three hundred of the 523 pages are 
devoted to the order Diptera whose im- 
portance has been greatly increased by 
“the recognition of many new viruses. 
Of the 553 different combinations of 
vector and disease listed in their tables 
summarising the records, 10 involve 
bacteria, 47 nematodes, 90 protozoa, 11 
rickettsias, 9 spirochaetes and 386 
viruses (mostly carried by mosquitoes 
and recognised in the past 30 years). 
~ Many of these viruses are, of course, 
very localised and often quite unim- 
portant and the long known diseases 
such as malaria, plague and typhus afe 
“much more serious. Nevertheless, the 
only arthropod groups of much impor- 
- tance in disease transmission besides 
-Uthe Diptera are the Siphônaptera (fleas) 














+ 


disease trai ay. 
in which insects are medically import- 


ismission | is th -chie 


ant, they may also be troublesome by 
biting or stinging, or by fragmenting 
into particles which are irritating or to 
which man mav become allergic. Even 
scorpions which are relatively rare may 
kill 1,000 people, mostly young chil- 
dren, each year in Mexico. 

The illustrated keys for the identi- 
fication of all the more important 
groups are excellent and will be very 
useful to anyone with some knowledge 
of entomology. In most groups, there 

are also keys for the identification of 
the early stages (larvae and pupae). 
The information about the biology of 
the various groups and of the kind of 
trouble they cause is concise but suffi- 
cient, together with the long lists of 
references, to give a useful introduc- 
tion to the subject. 

Readers should note that a short 
mimeographed list of errata has been 
inserted in each copy. It is chiefly con- 
cerned with some errors in the names 
of groups of Acari in the table of dis- 
ease vectors. 

O. W. RICHARDS 


Halides galore 


The Chemistry of the Carbon-Halogen 
Bond. Edited by Saul Patai. Part I: 

Pp. xiii+ 1-608; part 2: Pp. xiii + 609- 
1215. (Wiley- Interscience : London and 
New York, December 1973.) £22 (two 
volumes). 

Fluorine in Organic Chemistry. By 
R. D. Chambers. Pp. xv+391. (Inter- 
science Morographs on Organic Chem- 
istry.) (Wiley-Interscience: New York 
and London, January 1974.) £10.75. 


Tue first monograph deals with the 
thirteenth functional group to appear in 
Professor Saul Patai’s monumental 
series, now within sight of completion. 
As with previous volumes, editorial 
policy has been to go to press without 
promised chapters that had not been 
received by a deadline. This time there 
are five casualties: formation of C-X 
bond: modern synthetic uses of organic 
halides; synthesis and uses of isotopic- 
ally labelled halides; fluorocarbons (see 
below); and, finally, optical rotatory 
dispersion and circular dichroism of 
organic halides. Of these the first two 
are losses indeed. 

There are, however, plenty of interest- 
ing and valuable articles in what 
remains. Among them are: heterolytic 
méchanisms of substitution involving 
cafbon-halogen bonds (P. B. D. de la 
Mare and B. E. Swediund, 141 pages); 
directing, activating and deactivating 
effects (G. Modena and G. Scorrano, 
106 pages); glimination reactions in 
solition (R. A. More O’Ferrall, 68 





A major Tr aspects. of the subjec 
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general interest. There is also an interest- 
ing chapter on homolytic mechanisms of 
substitution (E.. S. Huyser, 60 pages), 
but as this deals entirely with C-H- 
C-X, it seems to belong more appro- 
priately under alkanes. Then there is a 
series of chapters dealing with more 
specialist aspects of the C-X linkage: 

mass spectrometry (A. G. Loudon, 42 
pages), pyrolysis (K. W. Egger and 
A. T. Cocks, 70 pages), photochemistry 
(P. G. Sammes, 48 pages), radiation 
chemistry (R. E. Bühler, 70 pages), 
biochemistry (S. Doonan, 52 pages), 
electrochemistry (J. Casanova and L. 
Eberson, 70 pages) and thermochemistry 
(R. Shaw, 23 pages). 

There is a very long chapter on 
analysis of organic halogen compounds 
(J. Zabicky and S. Ehrlich-Rogozinski, 
160 pages) which, though interesting, 
seems to be overweight compared with 
space devoted to other topics. There are 
the usual introductory chapters on 
general and theoretical aspects of the 
carbon—halogen bond (G. H. Wagnière, 
48 pages) and structural chemistry of 
the C-X bond (J. Trotter, 14 pages); 
and also one on hydrogen bonding and 
complex-forming properties (J. W. 
Smith, 36 pages). Then there are the 
topics that don’t quite fit in anywhere 
else; perchloro-, perbromo- and periodo- 
compounds (T. Chivers, 62 pages), and, 
last of all, rearrangements involving 
halides (C. Raape, 44 pages-—-an interest- 
ing chapter with a good account of 
Favorskii and Ramberg—Backlund re- 
arrangements. 

All in all a good volume, though as 
with previous volumes one is often 
puzzled at the way in which space is 
allocated between the various topics. 
The reproduction of structural formulae 
is in general fairly good, and the layout 
relatively clear. Literature coverage 
seems to be very thorough, but to ex- 
tend only into 1971 (the end?), with 
some citations extending into 1972 in a 
few articles. 

The non-delivery of the fluorocarbon 
chapter in Professor Patai’s collection is 
more than compensated for by the 
appearance of Dr Chambers’ book. 
This does not set out to provide synoptic 
coverage of the subject, but seeks to 
place selective aspects in a general 
mechanistic framework, for example, 
total, and selected, fluorination; replace- 
ment of OH by F; nucleophilic displace- 
ment of F; eliminations; polyfiuoro- 
aliphatics and aromatics; organometallic 
compounds. It is an interesting, useful 
and well documented survey, but the 
author is ill served by bad layout and 
by poor unattractive representation of 
reaction schemes. Literature coverage is 
essentially till the end of 1971. 


PETER SYKES 
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“THE BARR & STROUD 
GN5 Integrating 
-Microdensitometer 


Improved i image analysis techniques give fast 

scans of only 4 seconds duration with 0.25 micron 

_ resolution i in the GN5 Integrating Microdensitometer. 
For accurate histochemical and 

cytochemical studies of your 

_ cell preparations this new 
instrument offers an 
accuracy better than + 1% 
over an optical density 
`. range from less than 0.1 
to greater than 2.5. 

Area measurement, 
electronic masking and 
narrowband illumination 

: are some of the 
features which make this 
instrument particularly 
suited to your laboratory. 
The Barr & Stroud GN5 
gives quantitative cell 
information fast and 
accurately: It is compact, 
reliable and 

ergonomically designed 
-` for easy operation. 


e 


“BARR & STROUD LIMITED 
Caxton Street, 

Anniesland, 

Glasgow G13 1HZ, 

Telephone 041 -954 9601 

- Telex 778114 


Kinnaird House, 

1 Pall Mall East, 
London SW1Y 5AU 
Telephone 01-930 1541 
‘Telex 261877 
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Electrophoresis 

and 

Isoelectric Focusing 
in Polyacrylamide Gel 


Advances of Methods and Theories, 
Biochemical and Clinical Applications 


Editors: R. C. Allen and H. R. Maurer 


1974. Large-octavo. 316 pages. With 
115 illustrations and 19 charts. Cloth DM 105,— 
ISBN 3 11 004344 6 


This book presents theory along with its practical 
application of electrophoresis and isoelectric 
focusing in polyacrylamide gel as applied to 
present day biology and medicine. Papers 
dealing with the theory and techniques of sepa- 
ration, quantification and preparation methods 
for proteins, lipoproteins, protein inhibitors 
isozymes, polypeptides and nucleic acids are 
included. 


$-Prices are subject to change without further notice. 
For USA and Canada: Please send all orders to 
‘Walter de Gruyter Inc.,162 Fifth Avenue New York, N.Y. 10010 


THE ALGAE 


Second Edition 
V. J. Chapman and D. J. Chapman 


A completely rewritten and updated second 
edition of this successful student text. Information 
included ranges from a taxonomic survey of the 
principal divisions, classes and orders of the 
algae to a discussion of such topics as Ecology, 
Physiology and Bio-geography. Although the 
overlying approach of the book is general rather 
than specific few student texts are so 
comprehensive in their coverage. 

£6.95 


EVOLUTION 
AND PLANTS OF THE PAST 


Harlan P. Banks 


A wide-ranging discussion of a number of 
important aspects of palaeobotany. The basis of 
the approach is an examination of the way in which 
plants have developed from the earliest times, but 
in contrast with the more traditional approach, in 
which each group of plants is examined 
separately, this book looks at each geological 
period and treats its fossilflora as a whole. 

‘Dr. Banks’ successful blend of scholarship and 
zest is manifest, and this book can be thoroughly 
recommended to students of palaeobotany’ 


—Times Higher Education Supplement, 


"Macmillan 


£1.60 
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Molecular Biology comes offage 


This}|special Nature Supplement has been reprimeqdz 
a separate publication. First published in the | 

26th April 1974, ‘Molecular Biology Comes 

looks back on the circumstances surroundtTg 
original appearance in Nature of Watson and C 
revolutionary paper on the double helix structu 
DNA in 1953. it discusses the development 


Molecular Biology up to the present day as well æ 
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Crystal defects 


Computed Electron Micrographs and 
Defect Identification. By A. K. Head, 
P. Humble, L. M. Clarebrough, A. J. 
Morton, and C. T. Forwood. Pp. x+400. 
Defects in Crystalline Solids, vol. 7. 
(North-Holland: Amsterdam and Lon- 
don; American Elsevier, New York, 
1973.) DFI 100; $35.10. 


Tse interpretation of electron micro- 
graphs of thin foils of crystalline ma- 
terial involves two radically different 
aspects: first, the morphology and ori- 
entation relationships of features such 
as precipitates, transition phases (for 
example, Guinier-Preston zones) and 
twins; second, the geometrical character- 
istics of erystal defects such as disloca- 
tions, stacking faults and point-defect 
ageregates. The first task involves sim- 
ple examination of micrographs and 
matching of the diffraction patterns of 
selected areas, and offers no particular 
challenges to the experienced microscop- 
ist; the second is far more difficult, since 
the image (for instance) of a dislocation 
is really the image of a local distortion 
in the crystal lattice, and to identify the 
geometrical characteristics of the defect 
(Burgers vector, stacking parameters, 
and so on) requires the investigator to 
deduce the details of the lattice dis- 
tortion from the appearance of the im- 
age under different imaging conditions. 
In fact, several images of the same defect 
are needed to interpret it securely. 

The established way of identifying the 
Burgers vector of a dislocation is to find 
an imaging mode which causes the dis- 
location to disappear, but this method 
has limitations, especially with elastic- 
ally anisotropic materials. The other 
method involves generating a theoretical 
image, with the aid of a computer pro- 
gram and pictorial print-out, for a par- 
ticular set of imaging conditions, and 
comparing the theoretical image critic- 
ally with that photographed in the elec- 
tron microscope. 

This book is the first detailed presen- 
tation of this computer technique, by a 
team of Australian authors led by A. K. 
Head, who originated the technique seven 
years ago. The book includes an outhne 
of the two-beam dynamical theory which 
is the theoretical basis of the method; a 
full account, with many examples, of the 
practical steps involved in orienting a 
crystal, identifying the diffraction vec- 
tor, dislocation line direction, and so on; 
the principles and details of the several 
computer programs, for both cubic and 
non-cubic crystals; and the methods for 
matching experimental and theoretical 
images. Finally the uses and limitations 
of the method are outlined. 

The book is very much a practical op- 
erator’s handbook; while its main use of 
course is to show the reader how to com- 
pute images, it will also be useful for the 


beginner who is learning how to orient 
foils and features in foils. Altogether, this 
is an impressive compilation by a group 
of pioneers who have stayed the course 
and finished the job. 

R. W. Cann 


Quaternary fossil plants 


Quaternary Plant Ecology. Edited by 
B. J. B. Birks and R. G. West. (The 
lath Symposium of The British Ecolog- 
ical Society, University of Cambridge, 
28-30 March, 1972.) Pp. ix+826. (Black- 
well Scientific: Oxford and London, 
1973.) £13. 


THE relation between the ecology of 
plants, as seen today, and the study of 
fossil assemblages of plant remains from 
the Quaternary period has always been 
an exchange of information and ideas in 
both directions. It is generally realised 
that any attempt to interpret what an 
assemblage of fossil remains really rep- 
resents, must depend on a knowledge 
and understanding of modern vegeta- 
tion and the ecology of the constituent: 
species. In return, the study of fossil 
assemblages leads to a much better ap- 
preciation of the extent to which the 
composition of present day vegetation 
depends on its history, both directly and 
indirectly through concurrent changes 
in the soil. The papers presented at 
this symposium are primarily concerned 
with the first relationship, that is, the 
ecology of the past but quite clearly a 
better knowledge of the past helps un- 
derstanding of the present. 

The first four sections, containing 
eleven papers, are directly concerned 
with methodology and the process of 
matching assemblages of pollen, or in 
one paper, other fossilised parts of plants, 
with modern vegetation. It is at once 
clear that a technological revolution has 
taken place as a conséquence of the use 
of the proportions of carbon isotopes 
to give an independent estimate of the 
absolute age of a deposit. This allows the 
rate of deposition of a sediment to be 
calculated and thus pollen contents can 
be measured in absolute, rather than 
relative terms. This has stimulated a 
much more fundamental approach to the 
problem of relating the quantity of pol- 
len deposited on unit area in unit time 
to the actual representation of species 
in the surrounding vegetation. Studies 
of the production of pollen, its dispersal 
in the air, its redistribution in water and 
its preservation are all included. These 
sections provide a fund of information 
and ideas which should be read by all 
palynologists. . 

The fifth section contains four pæpers 
concerned ‘with the evidence from quat- 
ernary studies of the rates of change in 
vegetation over long periods, including 
both natural processes and changes for 
which man js largely responsible. eThe 
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sixth section is devoted to limnological 
studies which demonstrate the value of 
interdisciplinary studies using palynol- 
ogy and stratigraphic analysis of a 
variety of aquatic organisms. 

Symposia tend to be rather uneven 
in their coverage and often include pa- 
pers of relatively light weight. The very 
opposite seems to be true in this case. 
Those who planned, organised and re- 
ported the meeting are to be congratu- 
lated on bringing together so many stars 
each of such magnitude into a single 
constellation and on producing an out- 
standing contribution to the literature of 
palaeoecology. 

C. D. Picotr 


Eccentric extracts 


Strange Phenomena: A Sourcebook of 
Unusual Natural Phenomena, Vol. G-1. 
Compiled by William R. Corliss. Pp. 277. 
{Corliss: Glen Arm, Md 21057, 1974.) 
$6.95. 


As the flow of letters we receive when- 
ever Nature publishes anything about 
ball lightning testifies many of our read- 
ers are interested in bizarre phenomena 
at the fringe of scientific understanding. 
That is as it should be; only by such 
interest can any of these phenomena be 
brought within the fold of science 
proper, just as continental drift has 
gained respectability during this cen- 
tury. So the publication of this source- 
book is likely to meet with a warm re- 
sponse. 

Corliss has collected what he calls 
“homeless facts” and given them a home, 
in the form of a collection of brief re- 
ports (some no more than 200 words) 
culled from the scientific, pseudo- 
scientific and unscientific literature. The 
task is far from complete, and we are 
promised further volumes as the work 
progresses; the present edition is in the 
form of a ring-binder, so that necessary 
additions or deletions can be made con- 
veniently. 

Some examples culled from a random 
search of the pages suffice to give an 
impression of the book’s scope: ball 
lightning, flames from the sky, earth- 
quakes and lightning, strange detona- 
tions (barisal guns and the like), sun- 
spots and rainfall, and so on. The march 
of science is such that the last of these 
phenomena has already been received 


‘into the bosom of ‘serious’ science, and 


most of the oddities which are men- 
tioned are far from the lunatic fringe of 
flying saucers and little green men. 

The net cast by Corliss has gathered 
a harvest from many sources, and Na- 
eture is lavishly represented. But it is a 
curious feature of the extracts from this 
journal in particular that they are 


* clustered distinctly in time about two 


peaks, the firSt about 100 years ago and 
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the second in the past few years. This 
may reveal something about the collec- 
tion technique used by Corliss, or about 
this journal, or about the general aware- 
ness of such phenomena and ‘things that 
go bump in the night’; I doubt if it 
reflects a genuine distribution of such 
oddities. But the discovery of such a 
pattern shows just one example of the 
way in which the book can provide 
hours of harmless fun. At the price, it 
is excellent value for entertainment 
alone; there is also the added bonus 
that such a collection must inevitably 
include something which will become 
‘reputable’ in the near future. Owners 
of the volume will then be able to say 
“Of course, I knew all about that back 
in 1974”. 
JOHN GRIBBIN 


Plan the countryside 


Rural Resource Development. By M. C. 
Whitby, D. L. J. Robins, A. W. Tansey 
and K. G. Willis. Pp. 248 (Methuen: 
London, January 1974.) £2.50 cloth; 
£1.30 paper. 


THE main concern of the authors is to 
present ways of analysis which will lead 
to more effective public decision making 
and lead to the better use of rural re- 
sources. At present many of the decisions 
affecting the countryside are reached in 
an illogical way; because recommenda- 
tions at officer level concentrate on only 
a selected scheme, because of political 
considerations, because of the influence 
and pressure of organisations such as 
the Country Landowners’ Association, 
the National Farmers’ Union, and strong 
amenity bodies. 

This book gives the elements of the 
economic theory of resource allocation 
to provide a framework for understand- 
ing the economic processes at work in 
the countryside; private rural economy 
is well documented whereas public issues 
have received less attention. The au- 
thors explore in some detail the factors 
which do, as well as those which should, 
lead to decisions. They contend that 
most public agencies seem to pursue 
inappropriate objectives under incor- 
rectly specified constraints, and that 
suboptimal decisions are taken because 
cash revenue and expenditure are used 
instead of the assessment of social costs 
and benefits. 

There is a chapter on recreation, con- 
servation and amenity which explores 
thé general question of allocating land 
to physically non-productive uses and 
of measuring the less tangible conse- 
quences of such allocation decisions. 
There is discussion of the very difficult 


subject of estimating the amenity values 


of land. 
There are useful chapters on the 


rural areas. A better understanding of 
all these matters would enable judg- 
ments to be made which used resources 
more efficiently, not only in cash terms, 
for society. 

It can certainly be justly claimed 
that this is a useful source book for 
planners, landscape designers, students 
of environmental studies, agricultural 
economics and rural geography. There is 
an excellent list of references and a good 
index. 

GEOFFKEY BERRY 


Free radicals 


Free-radical Chemistry: Structure -and 
Mechanism. D. C. Nonhebel and J. C. 
Walton. Pp. xv+572. (Cambridge Uni- 
versity: London, January 1974.) £15; 
$35. 


Rapwiy growing scientific subjects pe- 
riodically need exposition in comprehen- 
sive textbooks and it is many years since 
this subject has received an adequate 
broad survey that meets the require- 
ments of both senior undergraduates and 
research workers. Recent quantitative 
measurements, mainly by gas chroma- 
tography and ESR spectroscopy, have so 
greatly enhanced knowledge of chemical 
reactions that publications of only 10 
years ago are no longer factually cor- 
rect and contain some theoretical de- 
ductions that are no longer fully valid. 
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This book from Scotland, which is 
now a very active region for research 
in free radical chemistry, meets a real 
need. It is a collaboration between a 
physical (Dr Walton) and an organic 
chemist (Dr Nonhebel} who have sur- 
veyed harmoniously physical measure- 
ments, gas reactions, reactions of atoms 
and simple alkyl radicals, as well as a 
wide range of more complex reactions 
in solution. They have paid particular 
attention to recent work and theories. 

Polymer chemistry has been omitted 
for lack of space. But though polymeri- 
sation technology is still expanding its 
theoretical basis is changing but little 
and has been covered reasonably well in 
a long chapter on reactions of alkyl radi- 
cals. 

A particularly long chapter is ac- 
corded to radical oxidations and reduc- 
tions. This, a rapidly expanding sector 
of free radical chemistry, certainly mer- 
its detailed treatment, but the text gives 
far too much space to phenol oxidation 
in comparison with autoxidation or pos- 
sibly to reactions involving transition 
metal ions which, for students, deserved 
particular attention since they bridge the 
deleterious scholastic gap between inor- 
ganic and organic chemistry. 

Only the price should detract from the 
wide use of this excellently produced 
book. 

W. A. WATERS 





Life in the sea 


Biological Oceanographic Processes. By 
Timothy R. Parsons and Masayuki Ta- 
kahashi. Pp. x+186. (Pergamon: Ox- 
ford and New York, October 1973.) £4. 


Tus reads like the summary of an ex- 
cellent four- or five-volume treatise that, 
unfortunately, has never been written. 
The authors insist that it is no more 
than an introduction to biological ocean- 
ography. A reader with no previous 
knowledge of the subject could, indeed, 
start from first principles. By page 10 
he would reach the mathematics of di- 
versity indices; four or five pages later 
he would cope with the application of 
statistics to the interpretation of sam- 
ples; by page 21 he would have polished 
off biogeography and started on time- 
series variability. 

The authors maintain this pace 
throughout. No new term is introduced 
without an excellent definition. One can- 
not even quarrel with their one non- 
definition: of detritus, they say that 
“whale the word lacks definition it should 
not *be regarded as lacking in impor- 
tance” and then, having paused, off they 
go again and deal with the physics and 
chemistry of detritus in great depth— 


statutory British planning system ang ° in four pages. 


on population trends and°transport in 


e 


The book deals, almost exclusively, 


with near-surface pelagic populations, 
their environment and their ecological 
processes. Benthic, littoral and bathy- 
pelagic systems are excluded. Indeed, 
almost everything is excluded that can- 
not be expressed in quantitative terms— 
and preferably summarised as an equa- 
tion. 

Some sections are superficial but what 
else can one expect in a book of such 
breadth? There are chapters dealing 
with the distribution and chemical com- 
position of plankton, nutrients and sea- 
water, heterotrophic and autotrophic 
processes, plankton feeding and pro- 
duction, organic and inorganic cycles and 
the transfer of energy and materials 
in the food chain. The authors claim 
that it is not a literature review but 
nearly 700 well-chosen references, alone, 
justify the purchase price of the book. 

The last chapter, ’some practical prob- 
lems in biological oceanography”, 1s 
trivial and unnecessary. Otherwise, this 
is an excellent book for professional 
oceanographers, biologists or, indeed, as 
the authors put it, “scientists in other 
professions who may require some quan- 
titative expressions of biological ocean- 
ographic phenomena”. 

R. 8. Grover 
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obituary 


O. M. B. Bulman 


PROFESSOR OLIVER MEREDITH BOONE 
BuLMAN, FRS, who died at:the age of 
71 on February 18 was generally recog- 
nised as the leading authority on the 
graptolites, the group of colonial organ- 
isms which came into being, flourished 
and died out jn the Lower Palaeozoic. 
Bulman was trained as a geologist at 
Imperial College where he remained to 
carry out research under the direction 
of W. W. Watts. Among fellow students 
investigating various aspects of the 
Palaeozoic rocks of Britain at that time 
were Stubblefield, Whittard, Mitchell, 
Howell and David Williams all of 
whom were to hold posts of' distinction. 
Bulman has recorded that he was 
first attracted to the graptolites by 
beautifully preserved specimens of 
Dictyonema in the Sineton’ shales, on 
which he and Stubblefield were working; 
and he took this as the subject for his 
first palaeontological investigations. 
From the first, he concentrated on well 


preserved material which he prepared 
and figured with great skill. In this way 
he was able to establish details of the 
external form, and in many instances, 
of the internal structure. With this new 
information he was particularly sucess- 
ful in elucidating the early stages of the 
growth of graptolites. When he com- 
pleted his tenure of a Senior Student- 
ship of the Royal Commission for the 
Exhibition of 1851, it was said that only 
a man of exceptional talent could have 
produced the results he had by then 
achieved. 

After holding demonstratorships in 
the Zoology and Geology Departments 
at Imperial College, Bulman was ap- 
pointed in 1931 to a post in the Sedg- 
wick Museum where he remained for 
the rest of his academic life. In 1945 he 
became Reader in Palaeontology and in 
1955 was appointed Woodwardian Pro- 
fessor of Geology. In 1945 he was 
elected a Fellow of Sydney Sussex 
College. He was President of Section C 


of the British Association in 1959 and 
received in succession the Lyell Fund 
and the Lyell Medal from the Geol- 
ogical Society of which he was President 
from 1962-64. He was connected with 
the Geological Magazine either as 
Editor or its advisor for 40 years. 
Throughout his career the study of 
graptolites remained his principle scien- 
tific concern. He continued as he had 
begun with a series of meticulous ac- 
counts which covered graptolites not 
only from Britain, but from North 
America, Scandinavia and Asia. He 
acquired an immense knowledge of 
their worldwide distribution which he 
put to use in his discussions of their 
mode of life and of the steps by which 
the graptolites evolved. He expressed his 
conclusions cautiously leaving the reader 
in no doubt where uncertainty existed. 
Whatever the future may hold Bul- 
man’s part in the elucidation of the 
graptolites is likely to remain as a land- 
mark in studies of Palaeozoic life. 
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Announcements 
Appointments | 


The following are the members of the 
government select commitieé on science 
and technology: R. Brown,, R. Carter, 
J. Cunningham, N. McFarlane, A. 
Fletcher, D. Ginsberg, F. Hooley, T. 
Ledbetter, I. Lloyd, A. Neave, A. 
Palmer, N. Tebbit, C. Tyelar and K. 
Warren. | 


D. J. Lyons has been appointed a mem- 
ber of the Science Research Council. 


E. J. Denton has been: appointed 
Director of the Plymouth ‘Laboratory 
and Secretary of the Marine Biological 
Association of the United Kingdom. 


G. R. Bainbridge has been appointed to 
the Chair of Energy Studies at the 
University of Newcastle upon Tyne. 


I. R. Smith has been appointed to a 
chair in the Department of Electronic 
and Electrical Engineering’ at Lough- 
borough University of Technology. 


R. N. Parkins has been appointed to 


the William Cochrane Chair of Metal- 
lurgy and Engineering Materials at the 
University of Newcastle upon Tyne. 


C. McGreavy has been appointed to a 
second chair in the Department of 
Chemical Engineering at the University 
of Leeds. 


G. T. Stevenson has been appointed a 
professor of the University of South- 
ampton. 


D. K. Bailey has been appointed Pro- 
fessor of Geology at the University of 
Reading. 


The following have been elected Foreign 


‘Members of the Royal Society: R. 


Dulbecco, G. H. Hitchings, G. P. S. 
Occhialini and J-P Serre. 


The following have been - elected 
Members of the National Academy 
of Sciences: R. D. Alexanders E. 
Anders, R. C. Atkinson, K. F. Austen, 
W. O. Aydelotte, J. W. Backus, 
D. Baltimore, L. M. Beidler, F. R. 
Boyd, Jr, M. K. Břakke, E. Braun- 
wald, W. R. Briggs, T. C. Bruice, 8. J. 


eA. Robinson, 


Buchsbaum, O. L. Chapman, J. A. 
Clements, G. L. Closs, W. G. Cochran, 
C. C. Cockerham, L. J. Cronbach, H. W. 
Davenport, C. A. Finch, W. H. Flygare, 
H. L. Fraenkel-Conrat, R. Freedman, 
J. Furth, D. C. Gajdusek, E. P. Geidu- 
schek, I. Giaever, M. Gibbs, R. R. 
Gilruth, H. H. Goldstine, L. A. Good- 
man, R. W. Gould, K. I. Greisen, J. 
Gross, R. C. L. Guillemin, C. F. 
Hockett, H. S. Houthakker, F. S. Hulse, 
L. Hurwicz, J. Hurwicz, J. D. Isaacs, 
A. Javan, E. V. Jensen, E. R. Kandel, 
B. Kok, N. M. Kroll, H. D. Lasswell, 
P. F. Lazarsfeld, W. Leontief, E. B. 
Leopold, A. P. Lerner, R. Levins, D. L. 
Lindsley, Jr, F. J. Low, C. R. Lynds, 
R. S. MacNeish, J. L. Margrave, C. F. 
Mosteller, G. D. Mostow, H. J. Müller- 
Eberhard, H. N. Munro, T. M. New- 
comb, A. B. Novikoff, J. P. Ostriker, 
C. K. N. Patel, R. G. Pearson, W. G. 
Pfann, L. J. Postman, D. M. Prescott, 
C. L. Prosser, A. E. Puckett, S. Ratner, 
W. H. Riker, H. Ris, H. E. Robbins, 
G. W. Salisbury, R. 
Schmid, T. W. Schultz, W. R. Sears, 
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I. I. Shapiro, R. G. Shulman, L. T. 
Silver, E. M. Stein, De-W. Stetten, Jr, 
P. Teitelbaum, H. M. Temin, B. L. 
Vallee, K. M. Watson, J. S. Waugh, 
G. W. Wetherill, B. Widom, J. Wolfo- 
witz, and J. B. Wyngaarden. 


Awards 


The Wellcome Prize for 1974 has been 
presented to J. H. Wilkinson. 


The National Academy of Sciences has 
presented the Henry Draper Medal to 
L. Spitzer, Jr; the United States Steel 
Foundation Award in Molecular Biology 
to D. Baltimore; the Gibbs Brothers 
Medal to P. Eisenberg; the Selman A. 
Waksman Award to R. Dulbecco; and 
the NAS Award in Environmental 
Quality to G. E. Hutchinson. 


The 1974 Lenin Prizes for science and 
technology have been awarded to: L. V. 
Keldysh, Y. G. Abov, P. A. Krup- 
chitskii, V. M. Lobashev, V. A. Naza- 
renko, A. V. Kirsanov, N. V. Belov, 
A. I. Opanrin, I. I. Mints, V. D. Tima- 
kov, G. Ya. Kagan, A. I. Nesterov, 
E. M. Tareev and A. I. Strukov. 


Miscellaneous 


The George Von Hevesy Prize will be 
awarded for papers on the subject of 
Nuclear Medicine at the First World 
Congress of Nuclear Medicine in Tokyo 
(Professor W. Horst, Clinic of Nuclear 
Medicine, University of Zurich, Rami- 
strasse 100, 8006 Zurich, Switzerland). 


The Edna McConnell Clark Foundation 
of New York announces a programme 
of support for research projects on 
schistosomiasis (Dr Donald B. Hoffman, 
Jr, Vice President, The Edna McConnell 
Clark, Foundation, 250 Park Avenue, 
Suite 904, New York, New York 10017). 


Erratum 


In the article “Additional location of 
metalliferous sediments in the Red Sea” 
by R. D. Bignell et al., (Nature 248, 127; 
1974), as the result of a printer’s error, 
the following corrections should be 
made. Page 128, line 15 should read 
“possibility exists of further deposits at 
depth. Analysis of . . .” and line 29 
should read “possibility that they 
formed as a result of the oxidation 
Of. 


International Meetings  — . 


May 22, Herbal Remedies in Europe 
(Professor J. M. Rowson, Pro-Vice- 


Chancellor, University of Bradford, 


Bradford, UK). 


Reports and publications 


Great Britain 


Arthritis: a Vitamin Deficiency Disease. By 
E. C. Barton-Wright, Pp, 32. (London: United 
Trade Press, 1973.) £1.25, [42 

National Radiological Protection Board, Code 
of Practice for the Display of ‘Sources of Ioniz- 
ing Radiations at Exhibitions. Pp. 13. (London: 
HMSO, 1973.) 18 p net. [42 

Wildfowl 24, Edited by G. V. T. Matthews 
and M. A. Ogilvie, Pp. 176. (Oxford and Lon- 
don: Blackwell Scientific Publications, 1973. Pub- 
aed for the Wildfowl Trust, Slimbridge.} £2; 
„50. [42 

Scotland Today—-Economic Developments, By 
W. S. Robertson, (The Betts Brown Memorial 
Lecture). Pp. 21. (Edinburgh: Heriot-Watt Uni- 
versity, 1974.) 50p. [42 

Annual Report of the National Museum of 
Wales, 1972/1973, Pp. 158. (Cardiff: National 
Museum of Wales, 1973.) . [42 

Mercury as an Environmental Pollutant-—a 
Bibliography. By D. Taylor. Pp. 135+78. (Brix- 
ham, Devon: Imperial Chemical Industries, Ltd, 
1973.) [42 
_ Natural Environment Research Council—Na- 
tional Institute of Oceanography. Collected Re- 
prints Nos. 831-885, (Wormley, Godalming, Sur- 
rey: National Institute of Oceanography, 1972.) 

42 


The Art of Observation. By Charles H. Gibbs- 
Smith. Pp. 24. (London: Bedford Square Press 
of the National Council of Social Services, 1973. 
Distributed by RPS, Victoria Hall, East Green- 
wich, London SE10 ORF.) 30p. [62 

The Wellcome Trust. Interim Report, 1972/1973. 
Pp. 11. (London: The Wellcome Trust, 52 Queen 
Anne. Street, London W1, 1974.) [62 

The Clean Air Year Book for 1974. Pp, 120. 
(Brighton: National Society for Clean Air, 136 
North Street, 1974.) £1.25. [62 

Freshwater Biological Association. Scientific 
Publication No. 18: A Key to the British Fresh- 
water Cyclopid and Calanoid Copepods. By J. P. 
Harding and W. A, Smith. Second edition. Pp. 
56.. (Ambleside, Westmorland: Freshwater Bio- 
logical Association, 1974.) {72 


Other countries 


Stockholm International Peace Research Insti- 
tute. Report of Activities 1972/1973. Pp. 27. 
(Stockholm: Stockholm Internaticnal Peace Re- 
search Institute, 1974.) {12 

Canada: Department of Energy, Mines and 
Resources. Geological Survey of Canada. Paper 
73-5: Current Research in the Geological Sciences 
in Canada, 1972-1973. Compiled by Thomas E. 
Bolton. Pp. vi+1i193. $2, Paper 73-42: Fossil 
Dinoflagellates—Index to Genera and Species. By 
J. K. Lentin and G. L. Williams. Pp. 176. $2. 
Bulletin 225: Quaternary 
Moose River Basin, Ontario. By R. G. Skinner. 
Pp. 77 $3. (Ottawa: Information Canada, H 


United States Department of the Interior: Geo- 
logical Survey. Professional Paper 818-A: Hydro- 
thermal Alteration Association with Beryllium 
Deposits at Spor Mountain, Utah. By David A. 
Lindsey, Harold Ganow and Wayne Mountjoy. 
Pp. iii+20. (Washington, DC: Government Print- 
ing Office, 1974.) 75 cents. ; £42 

United States Naval Observatory. Circular No. 
145: Normalized Observations of Mercury 1901- 
1937. By P. M. Janiezek, P. K. Seidelmann and 
W. D. McClain. Pp. 35. (Washington, DC: 
United States Naval Observatory, 1973.) [42 

Smithsonian Contributions to Zoology. No. 146: 
The Families and Genera of Hyperiidea (Crusta- 
cea: Amphipoda). By Thomas E. Bowman and 
Hans-Eckhard Gruner. Pp. iv+64. $1.35. No. 
161: Five New Bomolochid Copepods Parasitic on 
Indo-Pacific Clupeid Fishes. By Roger F. Cressey 
and Hillary Boyle. Pp. 25. 60 cents. (Washington, 
DC: Smithsonian Institution Press, 1973. For 
sale by US Government Printing Office.) {42 

Einstein’s Special Theory of Relativity: Right 
or Wrong? By Ian McCausland. Pp. 17. (Toronto: 
Ian McCausland, 401 Castlefield Avenue, ey 


Canada: Ministry of State. Federal Scientific 
Resources 1972 to 1974—Natural and Human 
Sciences. Pp. 95. (Ottawa: Information Canada, 
1973. , -~ E52 

Ministère de la Santé Publique et de PEn- 
vironnement. Institut d'Hygiène et d’Epidémiolo- 
gie. Institute Royal Météorologique de Belgique. 
Publications Série A, No. 84: La Pollution At- 
mospħérique par les Oxydes de Soufre et al 
Fumée en Belgique au cours de 1% Période du 
ler Avril 1971 au 31 Mars 1972, Par A, Derouane, 
J. Grandjean, M. Legrand et G. Verdyun. Pp. 65. 
(Bruxelles: Institut Royal Météorologique de 
Belgjque, 1973.) 52 

Australia: Commowbalth Scientific and Indus- 
trial Research Organization. Annual Report of the 
Divison of Fisheries and Oceanography, 1971/ 
1972. Pp. 59. (Cronulla, NSW:CSIRO, 1973.) [62 


Stratigraphy of the, 
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Stochastics, Vol. 1, No. 1, 1973, Edited by R. 
S. Bucy. Pp. 1-128. Subscription rates (per 
volume of four issues postpaid): Libraries, USA/ 
elsewhere $41; 17.08; Great Britain £15.50. 
Individuals (who warrant the journal is for 
their own use and order direct from the publisher), 
USA/elsewhere $14.50; £6; Great Britain £5.50. 
(New York, London and Paris: Gordon and 
Breach Science Publishers, 1973.) 62 

Australia: Commonwealth Scientific and In- 
dustrial Research Organization. Annual Report 
of the Minerals Research Laboratories, 1972/ 
1973. Pp. 56. (East Melbourne: CSIRO, mays! 

62 

Académie Royale de Belgique. Mémoires de 
la Classe des Sciences, T.XLI, Fase. 1: Con- 
tribution a la Spectroscopie Photoélectronique— 
Effets de lAutoionisation dans les Spectreas 
Photoélectroniques de Molécules Diatomiques et 
Triatomiques. Par Paul Natalis, Pp. 60. (Bruxel- 
les: Académi Royal de Belgique, 1973.) [62 

Australia: Commonwealth Scientific and In- 
dustrial Research Organization. Biennial Report 
of the National Standards Laboratory, 1971/1973. 
Pp. 114. (Sydney: CSIRO, 1973.) [62 


The Pasteur Institute of Southern India, Coo- 
noor., Annual Report of the Director 1971, and 
Scientific Report 1972. Pp. 160. (Coonoor, S. In- 
dia: Pasteur Institute, 1973.) [82 

Records of the Australian Museum, Sydney. 
Vol. 28, No. 19: Broom Cave Cercartetus, with 
Observations on Pygmy Possum Dental Morphol- 
ogy, Variation, and Taxonomy. By William D. 
Turnbull and Frederick R. Schram. Pp, 437~ 
464, A $1.75. Vol, 29, No. 1: Observations on Sex- 
ual Behaviour in Some Australian Platystoma- 
tidae (Diptera: Schizophora). By David K., Me- 
Alpine. Pp. 1-10. 50c. (Sydney: The Australian 
Museum, 1973.) [82 

Bulletin of the American Museum of Natural 
History. Vol. 152, Article 6: Morphology and 
Speciation of Hawaiian and Eastern Pacific Smit- 
tinidae (Bryozoa, Ectoprocta), By Dorothy F. 
Soule and John D. Soule. Pp. 365-440. (New 
York: American Museum of Natural History, 
1973.) $3.50, 

Reakcie Fotyezne u Much. By Jerzy A. Chmur- 
zynski. Pp. 94, (Warszawa: Instutut Biologii Dos- 
wiadczalnej im. Marcelego Nenckiego Pan, 17s: 

H 

Materiaux pour de Leve Geobotanique de la 
Suisse. Fasc. 54: Contribution a l'Etude Phyto- 
sociologique et Ecologique du Haut Jura. Par 
Claude Beguin. Pp. 190. (Bern: Editions Hans 
Huber, 1972.) adi 2 

Towards a Definitive Solution of Seho’s Para- 
doxes. By F. A. Shamsi. Pp. 84, (Karachi: 
dard Academy, 1973.) Rs. 20; US$2. `“ [122 

Options: a Study Guide to Population and the. 
American Future. Pp, ii+-75. (Washington, DC: 
Population Reference Bureau, Inec., 1973.) [142 

United States Department of the Interior: Ge- 
ological Survey. Bulletin 1391-A: Mineral Re- 
sources of an Area near the Popo Agie Primitive 
Area, Fremont County, Wyoming. By Roberrt C. 
Pearson, Lowell L. Patten and David L. Gaskill. 
Pp. 18-+-1 plate. $1.30. Water-Supply Paper 2124: 
Surface Water Supply of the United States, 1966- 
70. Part 9: Colorado River Basin. Vol. 1: Colo- 
rado River Basin Above Green River. Pp. 
vili-t+-543. $2.95. (Washington, DC: Government 
Printing Office, 1973.) [152 

Smithsonian Institution. Contributions from the 
United States National Herbarium, Vol. 38, Part 
6: Studies of Fern Types, II. By C. V. Morton. 
av eas wn dC: salmaaa In- 
stitution tress, 1973.) a 152 

United Nations—Economic Commission for Af- 
rica. African Regional Plan for the Application 
of Science and Technology to Development. (World 
Plan of Action.) Pp. 135. (New York and Geneva: 
United Nations, 1973.) $3.50. [182 

Canada: Department of Energy, Mines and Re- 
sources, Geological Survey of Canada. Paper 73- 
10: Three New Lower Paleozoic Formations of the 
Boothia Peninsula Region, Canadian Arctic Archi- 
pelago. By R. L. Christie. Pp. v-+32 (8 plates). 
$2. Paper 73-26: Palynology and Nannofossi! Proc- 
essing Techniques. By M. S. Barss and G, L. Wil- 
liams. Pp. vw+25 (2 plates). $2. Paper 73-35: 
Use of a Geological Field Data Collecting Form 
on Operation Bylot, North-Central Baffin Island, 
1968. By E, W., Reinhardt and G. D. Jackson. 
Pp. viii+27. $2. (Ottawa: Information Canada, 
1973.) (182 


United States Department of the Interior: Geo- 
logical Survey. Water-Supply- Paper 1974: Water 
Resources of the New Jersey Part of the Ramapo 
River Basin. By John Vecchioli and E, G. Miller, 
Pp. vit77 (4 plates). $2.20. Water-Supply Pa- 
per 2117: Surface Water Supply of the United 
States, 1966-1970. Part 6: Missouri River Basin. 
Vol. 2: Missouri River Basin from Williston, 
North Dakota, to Sioux City, Iowa. Pp. 612. $3.20. 
Professional Paper 809-B: Location and Char- 
acteristics of the Interface Between Brine and 
Fresh Water from Geophysical Logs of Boreholes 
in the bes ag Brazos Basin, Texas. By W. S. 
Keys and M. MacCary. Pp. ili-+-23. 60 cents.. 
(Washington, DC: US 
fiee, 1973. 

US Department of Commerce: National Oceanic 
and Atmospheric Administration, Publication 41-1: 
Earthquake History of the United States, Edited 
by Jerry L, Coffman and Carl A. von Hake. Re- 
vised edition (through 1970). Pp. vi-+-208. (Wash- 
ington, DC: Government Printing Office, 1973.) 
$2.80. {182 
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Classified Advertisements 


CONDITIONS. All advertisements will only 
be accepted on the condition chat the advertiser 
warrants that the advertisements do not in any 
way contravene the provisions of the Trade 
Descriptions Act 1968 and the Race Relations Act 
1968. The Publisher also reserves the righe to 
refuse, amend, withdraw or otherwise deal with 
all advertisements submitted co him at his absolute 
discretion and without explanation, All advertise- 
ments must comply with the British Code of 
Advertising Practice. 

The Publishers will not be liable for any loss 
occasioned by the failure of any advertisement to 
appear from any cause whatever, nor do they 
accept liability for printers’ errors, aithough 
every care is taken to avoid mistakes, 
Semi-displayed £3.60 per 10 mm. Minimum £7.20, 
each additional 2 mm 72p. Full page £230.00. Half 
page across £125.00. 30p is charged for the re- 
direction of replies to advertisements with a box 
number. 

ADVERTISEMENTS SHOULD BE ADDRESSED 
TO: T. G. Scott and Son, Limited, | Clemenc’s Inn, 
London, WC2A 2ED. Telephone: 01-242 6264. 
Telegrams: Textualist, London, W.C.2. 





APPOINTMENTS VACANT 





UNIVERSITY OF LEICESTER 


The Department of Physiology has a vacancy for 
a Laboratory Technician Grade IH (salary scale 
£1,650 to £1,920) for research and teaching practical 
duties. Applicants should have ONC/OND or 
equivalent qualifications and have had 3 to 5 years 
laboratory experience. The work will largely consist 
of electrophysiological techniques and a good 
knowledge of clectronics is essential. 

Applications with full curriculum vitae together 
with the mames and addresses of 2 referees should 
be sent to the Chief Technician, Department of 
Physiology, University of Leicester, Leicester, LEI 
TRH, as soon as possible. (1814) 





SENIOR TECHNICIAN 


required to assist and supervise research haematology 
laboratory. Whitley Counci] Scales and Conditions. 
Applications in writing enclosing curriculum vitae 
and the names of two referees to the Secretary, 
University College Hospital Medical School, Uni- 
versity Street, London WCI1E 6]] quoting reference 
ERH/ST. (1816) 





ST. MARY’S HOSPITAL MEDICAL SCHOOL 
RESEARCH TECHNICIAN 


required in Department of Experimental Pathology 
to form one of team studying effects of drugs in 
cancer and organ transplantation. Commencing 
Salary within scale £1,440 to £1,664 plus £126 
London Weighting p.a. Apply, The Secretary, St. 
Mary's Hospital Medical School, Paddington, 
London W2 1PG quoting Ref. EPN2. (1830) 





UNIVERSITY OF NOTTINGHAM 
DEPARTMENT OF PHYSICS 


Applications are invited for two postdoctoral 
Research Assistants, sponsored by the Science Re- 
search Council], The first is for theoretical work, 
under Dr. C. A. Bates, on Spin-Phonon Inter- 
actions, and the second is for theoretical work, 
under Professor K. W. H. Stevens, on Many- 
Electron Theory of Magnetic Materials. Experience 
in related fields is desirable. Salary, according to 
age and experience, on the Lecturer scale. 

Applications in writing giving full details of 
qualifications and experience to Staff Appointments 
Officer, University of Nottingham, University Park, 
Nottingham NG7 2RD as soon as possible. Names 
of two referees should be given. (1818) 


nt pt 





UNIVERSITY OF BERN 
Switzerland 


INSTITUTE OF GENERAL 
MICROBIOLOGY 


A Post-doctoral Research Assistant is re- 
quired to work on the analysis of yeast-tRNA 
as studied in mutants defective in the struc- 
tural and modificator genes of suppressor 
tRNA. Previous experience in the field is 
necessary. The post is for up to two years 
with a minimal salary of Swiss Fr 2500 
monthly and possibilities of renewing, com- 
mencing on or after May 1974. Write with a 
curriculum vitae and the names of two 
referees to Dr. R. Fluri, Institute of General 
Microbiology, Altenbergrain 21, CH-3013 

rn, Switzerland. (1836) 


UNIVERSITY OF BIRMINGHAM 
WEST MIDLAND REGIONAL HEALTH AUTHORITY 


M.Sc., Course in Clinical Biochemistry 


Applications are invited for the appointment of twelve basic grade bio- 
chemists for a two-year course for the M.Sc. Degree in Clinical Biochemistry 
commencing on October 1, 1974, and based on the following hospitals: 


Coventry and Warwickshire Hospital, Coventry 
Dudley Road Hospital, Birmingham 

East Birmingham Hospital, Birmingham 
General Hospital, Burton-on-Trent 

Good Hope Hospital, Sutton Coldfield 

Guest Hospital, Dudiey 

Royal Salop Infirmary, Shrewsbury 

North Staffordshire Royal Infirmary, Stoke-on-Trent 
Royal Hospital, Wolverhampton 

Selly Oak Hospital, Birmmgham 

Warwick Hospital 

Worcester Royal Infirmary 


The course is organised by the Departments of Clinical Chemistry and 
Biochemistry. The course is open to probationary basic grade biochemists 
in the National Health Service and other selected candidates who must 
possess a Ist or 2nd Class Honours Degree in Chemistry or Biochemistry 
or hold an equivalent qualification. 


The object of the course is to provide a thorough training in all aspects 
of clinical biochemistry than is possible in the usual two years probationary 
period. 


Initial selection will be by the University and successful candidates will 
then be interviewed by the area Health Authority concerned of whose staff 
the candidate will be a member. The University course fee of £45 will be 
paid by individual candidates, otherwise salary paid in accordance with 
approved N.HLS. scale. 

Application forms from the Assistant Registrar (Science), University of 


Birmingham, Edgbaston, Birmingham B15 2TT, to be returned by May 31, 
1974. (1825) 


At the 
DEPARTMENT of PHYSICS and ASTRONOMY 
a position is vacamt for a 


full Professor of 
Technical Physics 


who will undertake research and education in fields related to the 
. energy problem, including its environmental aspects. 


Applicants should have conducted research of outstanding quality 
in physics or an allied discipline and should have shown actual 
interest, and preferably have participated in the above fields. [ndus- 
trial or comparable experience would be an advantage. Candidates 
should be interested in interdisciplinary studies and have a capa- 
city for, and preferably experience with teaching. Knowledge of 
the Dutch language is not a prerequisite, 


Resources are available to develop an adequate research pro- 
gramme to be carried out by Ph.D. candidates. 


Details of the salary, of the conditions of service, and of the method 
of application, may be obteined by writing to Professor C. Th. J. 
Alkemade, Physical Laboratory, Sorbonnelaan 4, University, 
Utrecht, The Netherlands. (Tel. No. 030-533302). (1846) 





UNIVERSITY OF BRISTOL 
Long Ashton Research Station 


HEAD OF HOME FOOD 
PRESERVATION SECTION 


Applications are invited for the appointment of a graduate to Head a 
small team, financed by the Ministry of Agriculture, Fisheries and Food, 
that is concerned with improving methods of home food preservation, 
particularly freezing, and other aspects of the domestic handling and storage 
of foodstuffs. 


The work includes analysis, investigations and experiments leading to 
recommendations and advice to users, and the dissemination of information 
by publications, lectures and short courses. 


Applicants should have had experience in the food field and hold a 
good science degree, preferably in Biochemistry, Food Science or Nutrition 
or equivalent qualifications. Lecturing and contact with the public will be 
the special responsibility of the successful candidate. 


Appointment will be made in the Principal Scientific Officer grade (salary 
at present under review—£3,715 to £4,895 per annum). Superannuation 
under F.S.8.U. with allowance to offset contributions. 


Applications to the Secretary, Research Station, Long Ashton, Bristol 
BS18 9AF, by June 11, 1974. (1822) 


IRELAND 
Biochemist Principal Grade 


South Eastern Health Board 


Salary: £3,039 to £4,051. 
Essential: M.Sc. in Biochemistry or Physiological Chemistry or equivalent 


and five years experience in Clinical Biochemistry and/or Chemical 
Pathology in the laboratory of a hospital or allied institution. 


For application forms and further particulars write to: 
Secretary, Local Appointments Commission, 45 Upper 
O’Connell Street, Dublin 1. 


Latest date for receiving completed application forms: 


30th May 1974 
(1839) 


UNIVERSITY OF DUBLIN ` 
* + 
Trinity College 


CHAIR OF OBSTETRICS 
AND GYNAECOLOGY | 


Applications are invited for the above full-time appointment. The 


Professorial Unit is situated in the Rotunda Hospital and the 
Professor also has facilities for Gynaecology at the Adelaide 
Hospital. 


Further details concerning this appointment may be obtained 
from : i e 

Mr. G. H. H. Giltrap, ‘ 

Secretary to the College, 

Trinity College, 

Dublin 2. e 


to whom completed applications should be returned if possible, 
by the Sth June, ol 774. ° e (1843) 
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UNIVERSITY OF ABERDEEN 
Research Assistant in Genetics 


Applications are invited for the above post. The 
work involves electrophoresis,  ultracentrifugal 
analysis and quantitative estimation of plasma lipo- 
proteins. Appropriate experience and qualifications 
in Biochemistry or Chemistry are desirable. 

aay on scale: £1,662 to £2,304 with appropriate 

acing. 

Fucther particulars from The Secretary, The 
University, Aberdeen, with whom applications (2 
copies) should be lodged by May 25, 1974. 

(1837) 





UNIVERSITY OF ST. ANDREWS 
DEPARTMENT OF ZOOLOGY 


Applications are invited for a post of 
RESEARCH ASSISTANT to work on the 
genetic control of the expression of cell- 
surface antigens in protozoa. Candidates 
should have a good honours degree in Biology. 
Experience in cell culturing, microbiology or 
immunology would be an advantage. The 
post is financed by the Medical Research 
Council and is tenable for three years from 
September 1, 1974; salary scale £1,500 by 
£150 to £1,800 (under review). 

Applications, giving details of education 
and qualifications together with the names of 
two referees, should be lodged with the 
Establishments Officer of the University, 
College Gate, St. Andrews, Fife KY16 9AJ 
by May 31, 1974. (1832) 





AUSTRALIAN NATIONAL 
UNIVERSITY 


Applications are invited for the following: 


JOHN CURTIN SCHOOL OF 
MEDICAL RESEARCH 
RESEARCH FELLOW IN MICROBIOLOGY 


Groups in the Department of Microbiology work 
on different aspects of animal virology ‘and im- 
munology. The Department is well equipped for all 
types of biochemical and biological studies in these 
fields. Preference will be given to candidates with 
experience in work on the nucleic acids of viruses, 
particularly by electron microscopic techniques. 
Applicants should have a Ph.D. degree and some 
postdoctoral experience. Mes 

Enquiries on academic aspects of this position 
should be addressed to Professor G. L. Ada, 
F.A.A., Head of the Department of Microbiology 
in the University. Closing date: June 7, 1974. 


SENIOR RESEARCH FELLOW IN 
PHYSIOLOGY 


Appointment will be in the Department of 
Physiology (Head: Professor P. O. Bishop, F.A.A.). 
The successful applicant will be expected to work 
in the general field of comparative neurophysiology 
of vision. Closing date: June 7, 1974. 


FACULTY OF SCIENCE 
POSTS IN THE DEPARTMENT OF 
FORESTRY 


Two posts are available in the Department. (Head: 
Professor J. D. Ovington), one at the level of 
Lesturer and the other at the level of Tutor. 
The appointees will be required to take up duty 
as soon as possible. Applicants should be graduates 
in science or forestry having appropriate experience 
in one of the following topics: Dendrology, Fire, 
Soils and some aspect of Tropical Forestry. Closing 
date: June 10, 1974. i 

SALARIES: Salary on appointment will be in 
accordance with qualifications and experience within 
the ranges: Senior Research Fellow $A12,778 to 
$A15,116 p.a.; Research Fellow $A8,698 to $411,901 
p.a., Lecturer $A8,698 to $A11,982 p.a., Tutor 
$A5,740 to $A7,015 pa.: current exchange rates are 
approximately $Ai: 67p; 3US1.49. 


OTHER CONDITIONS: Tenure—Senior Research 
Fellow and Research Fellow normally for three 
years in the first instance with the possibility of 
extension to a maximum of five years; Lecturer for 
three years in the first instance with provision for 
reappointment to retiring age; Tutor normally for 
twelve months in the first instance with normal 
expectation of yearly renewal up to five years. 

Reasonable travel expenses are paid and assistance 
with housing is provided for an appointee from 
outside Canberra. Superannuation is on the F.S.8.U. 
pattern with supplementary benefits. 

Travel expenses from overseas (except New Zea- 
land) are not provided for posts at the level of 
tutor but assisted passage can be considered for a 
person offered appointment from the United King- 
dom who intends to settle permanently in Australia. 

The University reserves the right not to make 
an appointment or to make an appointment by 
invitation at any time. 

Prospective applicants should write to the Asso- 
ciation of Commonwealth Universities (Appts), 36 
Gordon Square, London WC1H OPF for further 
particulars before applying. (1828) 
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senior Microbiologist 


Chemotherapeutic Research 


This is a research management appointment for a graduate 
who has several years’ chemotherapeutic experience in an 
industrial environment, and who now feels ready and able 
to take on a more senior position. 


Our client is a large and well-known pharmaceutical com- 
pany with a firmly established reputation in the field of 
antibiotics research. The present appointment is a completely 
new one, and it arises at a time when the Company is 
committed to a substantial research expenditure programme 
over the next few years. 


The laboratories are extensive and well-equipped, and are 
located in a pleasant country area of Southern England. 


The man (or woman) appointed will manage a team of about 
four people who are responsible for the detailed evaluation 
of potential new human antimicrobial agents ~ after they 
have successfully passed the Company’s primary screening 
programme. His group will progress promising compounds 
to the stage where the Project Committee, of which he will 
be a member, can decide whether or not human trials are 
justified. When they are, he will play an important role in 
coordinating laboratory studies with the human volunteer 
and patient studies. 


The work will involve extensive interdisciplinary cooperation 
with chemists, clinicians and other research teams, and may 
necessitate some travel within Europe. 


from £4000 


Applicants should be graduates within the approximate age 
range 30—40 and with several years’ experience of anti- 
microbial research in the pharmaceutical industry. A higher 
degree is not essential, but evidence of good research ability 
will certainly be sought. A wide knowledge of în vive as well 
as in vitro test systems is called for, together with the capacity 
to develop new models and procedures. 


Starting salary is likely to be at least £4000, but could be 
substantially higher for a particularly suitable candidate. 
Other benefits include a bonus scheme, contributory pension, 
free life assurance, four weeks’ holiday and generous removal 
and relocation expenses. 


if you meet our requirements, please write or ‘phone in 
complete confidence for additional information and an 
application form: 


A. E. F. Chandler, M.A.. Ph.D., D.I.C., M.I.Biol., 
Talentmark Limited, King House, 

5/11 Westbourne Grove, London W2 4UA. 
Tel: 01-229 2266 


RESEARCH TECHNICIAN 


required for research haematology laboratory. B.Sc., 
or equivalent. Whitley Council Scales and Condi- 
tions. Applications in writing enclosing curriculum 
Vitae to the Secretary, University College Hospital 
Medical School, University Street, London WCIE 
6JJ quoting reference HAEM/R.T. (1817) 


UNIVERSITY OF OXFORD 
INORGANIC CHEMISTRY LABORATORY 


Post-doctoral Research Assistantship 


Applications are invited for an S.R:C.-supported 
post from physical or inorganic chemists with an 
interest in biochemistry or biochemists with a 
strong physical bias to work with Dr. H. A. O. 
Hill (in collaboration with Dr. R. Ambler) on the 
Structure and function of some metalloproteins, 
initially the plastocyanins, by n.m.r. spectroscopy 
and allied techniques. f 

The appointment would be for one year in the 
first instance, renewable for a second year, beginning 
on October 1, 1974. Starting salary according to 
age within the range £1,821, age 24, to £2,058, age 
26, with F.S.S.U. membership. 

Applications, with a curriculum vitae and the 
names of two referees, should be sent as Soon as 
possible to the Administrator, Inorganic Chemistry 
Laboratory, South Parks Road. Oxford. Preliminary 
enquiries should be sent to Dr. Hill at the same 
address. (1861) 








THE UNIVERSITY OF LEEDS 


DEPARTMENT OF PLANT 
SCIENCES 


Applications are invited for a post of 
RESEARCH ASSISTANT in PLANT PHYSI- 
OLOGY which is sponsored by the A.R.C. 
for work on the potential of C4 photo- 
synthesis in crops of maritime temperate 
regions. The appointment will be made for 
one year in the first instance with possible 
renewal for a further period of two years. 
Salary on the scale £1,449 to £1,692 plus 
superannuation. 


Applications together with the names of two 
referees should be sent to Professor H. W. 
Woolhouse, Department of Plant Sciences 
(Baines Wing), University of Leeds, Leeds 
LS2 9JT, by May 24, 1974. (1862) 





0) “Talentmark 
Biomedical and Scientific Consultants 
1823 


AGRICULTURAL RESEARCH INSTITUTE OF 


NORTHERN IRELAND 


HILLSBOROUGH CO DOWN 


Assistant Experimental Officer 


Applications are invited for the post of Assistant Experimental Officer 
to assist with experimental work with beef animals. 

Salary scale:- £1,435 — £2,329 plus Superannuation Allowance, _ 

Candidates should possess—a pass degree; H.N.D.; or O.N.D. in Agri- 
culture, or equivalent. 

Previous experience of supervisory duties and working with animals would 
be an advantage, 

Application forms and further particulars may be obtained from the 
Secretary to whom applications should be submitted by Wednesday, Sth 
June, 1974. 

Canvassing will disqualify. (1847) 


LIVERPOOL POLYTECHNIC 


Department of Chemistry 


LECTURER II in CHEMICAL PROCESSING/ or 
INDUSTRIAL CHEMISTRY 


Applications are invited for the appointment of a chemical engineer or chemist to join 
a team involved in the teaching and development of Industrial Chemistry to honours 
degree level. The successful candidate will have a first or higher degree in chemical 
engineering or chemistry and the necessary experience of semi-technical scale plant to 
exploit fully the extensive facilities in the recently completed Industrial Chemistry Block. 
Research and consultancy will be encouraged, 


SALARY: £2700 — £3474 per annum 


Application form® available from Staff Officer, E.C.N. Dept., Liverpool Polytechnic, 
Richmond House, á Rumford Place, Liverpool L3 9RH. (1905) 
s 
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FLINDERS UNIVERSITY OF SOUTH AUSTRALIA 


School of Medicine 


LECTURERS IN CLINICAL BIOCHEMISTRY, 
HUMAN MORPHOLOGY AND HUMAN PHYSIOLOGY 


Applications are invited for lectureships in the new School of Medicine currently being 
established in Adelaide at the Flinders University of South Australia in each of the 
following fields: 

Clinical Biochemistry, Human Morphology and Human Physiology. 


The School of Medicine will form an integral part of the Flinders Medical Centre, 
a 710 bed teaching hospital located on campus. The first medical students began their 
course this year and will enter the Centre in February 1975. It is anticipated that 
appointees will take up their positions by October 1974 in order to help plan the 
integrated curriculum, 


Suitably qualified appointees will have responsibility in the areas of teaching, research 
and clinical service. Lecturers with medical qualifications registrable in South Australia 
will receive a clinical loading, the amount depending on their qualifications and the degree 
of clinical responsibility undertaken. 


Salary Seales: $A8,698 — SA11,982 


Further information about the positions, including conditions of appointment and details 
required of applicants, may be obtained from the Association of Commonwealth Univer- 
sities (Appts), 36 Gordon Square, London WCIH OPF. Applications should be lodged, 
in duplicate, with the Registrar, The Flinders University of South Australia, Bedford Park, 
South Australia, 5042 by June 7, 1974. (1868) 





CHAIRMAN DEPARTMENT OF APPLIED PHARMACOLOGY 


Applications are invited for this position at the School of Pharmacy, Hebrew 
University of Jerusalem, Israel. 


The Chairman will be responsible for all administrative and academic activities 
of the department in its new facility, a part of the Hebrew University Hadassah 
Medical Center. 


Applications giving a complete curriculum vitae should be sent by August 1 
to A. Kreiser, Associate Dean, School of Pharmacy, Hebrew University, P.O.B. 
12065, Jerusalem, Israel. (1879) 














SHEFFIELD AREA 
HEALTH AUTHORITY (TEACHING) 


CENTRAL DISTRICT (TEACHING) 
Group Department of Haematology 


NON-MEDICAL 
SCIENTIFIC OFFICER 
(BASIC GRADE) 


Applications are invited for the above post from 
candidates possessing an appropriate 1st or 2nd Class 
Honours Degree. The successful applicant will be 
required to work in the hospital’s Blood Transfusion 
Laboratories. Previous experience in Blood Transfusion 
work is not required. 


Candidates wishing to view the laboratories should 
telephone Mrs. M. S. Lepp, Principal Non-Medical 
Scientific Officer, Royal Infirmary, Sheffield S6 3DA 
(Telephone 0742-20977 Ext. 258). 


Whitley Council Terms and Conditions of Service apply— 
Salary Scale: £1,953-£2,694 p.a. eè 


Applications stating age, qyalifications, experience and . 
the names and addresses of two referees to the 
District Administrator, Sheffield Area Health Authority 
(Teaching), Central District (Teaching), 10 Beech Hill 
Road, Sheffield S10 2RZ by 25th May 1974. * (1859) 

° 
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UNIVERSITY OF SASKATCHEWAN 
Saskatoon, Canada 


DEPARTMENT OF MECHANICAL 
ENGINEERING 


ASSISTANT OR ASSOCIATE PROFESSOR: 
MATERIALS AND METALLURGY 


A vacancy exists for an Assistant or Associate 
Professor to teach and conduct research in the 
area of materials and metallurgy within the Depart- 
ment of Mechanical Engineering. The appointee 
would be expected to work as a member of the 
group headed by Professor I. Le May and involved 
in the study of aspects of mechanical metallurgy. 
The successful applicant should have specific in- 
terests in the mechanisms and mechanics of fracture, 
and in relationships between mechanical properties 
and microstructure, Experience in fractography and 
transmission electron microscopy is desirable. 

Applicants, having a Ph.D. Degree and experience 
as outlined above, should submit applications 
together with the names of three referees to Dr, 
P. N. Nikiforuk, Dean, College of Engineering, 
University of Saskatchewan, Saskatoon, Saskat- 
chewan, Canada S7N OW9O. 

The present salary scales, which are under review, 
are $12,000 to $15,600 for an Assistant Professar, 
and $15,750 to $20,300 for an Associate See 

1835 





TEXAS A & M UNIVERSITY 


GRADUATE RESEARCH 
ASSISTANT 


sought to assist in ‘the study of the crystallographic 
phase problem through 
BINARY INTEGER LINEAR 
PROGRAMMING TECHNIQUES 

Applicants must intend to pursue graduate study 
in the fields of Computing Science or Operations 
Research. Interactive graphics display experience a 
plus. Stipend $350 to $375 monthly (half time}— 
resident rates on tuition available. Apply to Dr. 
Edgar F. Meyer, Dept. of Biochemistry & Bio- 
physics, Texas A & M University, College Station, ` 
Texas 77843 USA or telephone (713) a A 





UNIVERSITY OF GLASGOW 


DEPARTMFNTS OF BIOCHEMISTRY 
: AND VIROLOGY 


RESEARCH ASSISTANT 


Applications are invited for a Research Assistant 
to work with Dr. C. A. Fewson and Dr. D. A. 
Ritchie on the genetic analysis of the bacterium 
Acinetobacter calcoacetieus. This study is part of 
an overall project on the regulation of metabolism 
in this organism. 

Applicants must have an Honours degree with 
a suitable background in genetics, microbiology or 
molecular biology. The appointment, starting 
October 1. 1974. will be for one year initially and 
at a starting salary of up to £1,400 per annum. 
F.S.S.U. 

Applications, with the names of two referees, 
should be sent to Dr. C. A. Fewson. Institute of 
Biochemistry, University, of Glasgow, Glasgow G12 
8QQ, as soon as possible. (1841) 





MONASH UNIVERSITY 
Melbourne, Australia 
DEPARTMENT OF CHEMISTRY 


SENIOR TEACHING FELLOW 


Applications are invited from graduates whose 
previous experience and qualifications are appro- 
priate to teaching organic chemistry and who 
should normally have completed a Ph.D. degree. 
The appointee will be expected to undertake research 
in add‘tion to his teaching duties. 

Salary Range: $A7,270 to $A8,698 per annum 
with superannuation based on an endowment assur- 
ance scheme, the employee and employer con- 
tributing 5% and 10% respectively. 

Benefits: Travelling expenses for appointee and 
family, remova! allowance, temporary housing for 
an initial period. repatriation after three years’ 
service if desired. 

Further general information and details of appli- 
cation procedure are available from the Academie 
Registrar, Monash University, Wellington Road. 
Clayton. Victoria 3168. Australia or the Secretary- 
Gencral, Association of Commonwealth Universities 
(Apots), 36 Gordon Square, London WCIH OPF. 
Fnauiries about the Department to the Chairman. 
Professor R. D. Brown in the University. 

Closine date: June 11, 1974. . 

The University reserves the right to make no 
appointment or to appoint by invitation, (1850) 





TECHNICIAN 
(QUALIFIED) 


required for work in immunology in relation to 
renal d’sease. Experience in this field is not essential 
Apply in writing, stating age and giving details of 
education and experience, to the Secretary, Guv’s 
Hospital Medical School, London Bridge SEI ORT, 
quoting Ref, R.U.2. (1854) 
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UNIVERSITY COLLEGE OF WALES 
WELSH PLANT BREEDING STATION 


APPOINTMENT OF BIOCHEMIST 


Applications are invited for a Biochemist to join 
a team working on the regulation of photosynthesis 
and utilisation of photosynthetic products in forage 
plants with particular reference to their potential 
for genetic improvement. 

Initially the post would be concerned with in- 
vestigations on the pool sizes and metabolic fates 
of photosynthetic intermediates, but would also be 
linked to current studies on enzyme regulation in 
leaves. 

Applicants should have post-graduate research 
experience in the general area of carbohydrate 
metubolism. 

The appointment will be made at the Higher 
Scientific Officer/Senior Scientific Officer level in 
the salary range £2,221 to £3,895. The post is 
superannuable under F.S.S.U, 

Applications should be made by letter, together 
with the names of two referees, and should be sent 
to the Secretary, Welsh Plant Breeding Station, Plas 
Gogerddan, Nr, Aberystwyth, Cards. SY23 3EB, 
on or before May 24, 1974. (1853) 





UNIVERSITY OF NOTTINGHAM 
DEPARTMENT OF CHEMISTRY 


Post-doctoral Research Appointments 
BIO-ORGANIC CHEMIST 


Applications are invited for an S.R.C. Post- 
doctoral award to work with Dr. B. W. Bycroft 
on the Chemistry and bio-chemistry of Peptide 
Antibiotics. 

Candidates should have an interest in, and 
Preferably experience of. biological chemistry. The 
appointment is tenable for two years. commencing 
October 1, 1974 with a salary in the range of 
£2,118 to £2.412 with F.S.S.U. 

Application forms and further details from the 
Staff Appointments Officer, University of Notting- 
ham, University Park, Nottingham. Closine date: 
May 27, 1974. Ref, No. 368. (1857) 


THE EDINBURGH SCHOOL 
OF AGRICULTURE 


RESEARCH ASSISTANT 


Applications ure invited far a research 
assistantship for work on animal behaviour 


under the direction of Dr. D. G. M. Woad- 
Gush. The work will be exclusively with pigs. 


Salary: £1,500. 


Further particulars and application form 
from the Secretary, The Edinburgh School of 
Agriculture, West Mains Road, Edinburgh 
EHS WG. (1786) 


perineal al es Ei 
DEPARTMENT OF KINESIOLOGY 


SIMON FRASER UNIVERSITY 
ACADEMIC PHYSICIAN 


An appointment of a physician with a well- 
developed research interest in any aspect of human 
physiology, bioengineering, prosthetics or human 
factors is offered in the Department of Kinesiology. 
The appointee will be required to work in an 
interdisciplinary environment with biochemists, 
engineers, work physiologists or biomechanics 
faculty, in a department which has growing graduate 
and undergraduate degree programmes, 


Although the University itself does not have a 
medical faculty, the appointee will be encouraged 
to maintain and develop his clinical interests with 
the Faculty of Medicine at a nearby university and 
local hospitals. For suitably qualified applicants the 
possibility exists of a joint appointment with the 
Computing Science Department. The appointment 
will be made at either the assistant or associate 


professor level, depending upon qualifications. Salary 
negotiable. 


Applications, together with three references, to: 


Dr. E. W. Banister 

Department of Kinesiology 

Simon Fraser University. 

BURNABY VSAIS6 British Columbia 
(from whom further details can be obtained), 


(1864) 
nein OOOO 
CENTRAL PUBLIC HEALTH LABORATORY 


TECHNICIAN 


required by the Salmonella and Shigella Reference 
Laboratory, Suitable qualifications would be a 
relevant scientific degree; A.ILM.L.T. or H.N.C. in 
Medica] Laboratory Sciences, This is the Nationa! 
Salmonella and Shigela Centre for Great Britain 
mp a taal owah ane offers training in the 
anced methods of Saim ige 
identification, onella and Shigella 
Written applications with full details of age, ex- 
perience and qualifications to the Personnel. Officer, 


Central Public Health Labor inde 
London NW9 SHT. Se gas (nage a 





UNIVERSITY HOSPITAL OF WALES, HEATH PARK, CARDIFF 
DEPARTMENT OF MEDICAL BIOCHEMISTRY 


BIOCHEMIST OR 
SENIOR BIOCHEMIST 


Applications ure invited from suitably qualified candidates for this position in the Supra 
Regional Assay Laboratory for Polypeptide. The laboratory provides in associati. n with 
other laboratories a diagnostic service using the technique of radioimmunoassay fot co Suns 
throughout England and Wales. 


The suceesstul applicant will be expected to set up a computer based data handling and 
record system. He will also be responsible for the development and introduction of new 
assays, Opportunities exist for further training in hospital biochemistry leading to the 
qualification of Master of Clinical Biochemistry. Whitley Council conditions apply 


Application forms available from the Personnel Department at the above hospital, to be 
returned by 7th June 1974, and further details may be obtained from Dr. G M Addison 


: 
(0222 755944 Ext, 2811/2196) 11924) 





HNC or HND 
in Chemistry 


Ulverston 


We have vacancies for Technical Officers or 
Laboratory Assistants with laboratory experience 
of organic chemistry at our plant at Ulverston, 
which is situated on the shores of Morecambe Bay 
and on the southern fringe of the Lake District 
National Park. 


You will join an established group in the Chemical 
Process Development department working on a 
variety of problems connected with antibiotics 
manufacture. This work will include plant 
troubleshooting, pilot plant operations, process 
development, and applied research, and will be 
particularly suitable to practically-oriented people 
who have recently gained an HNC or HND 
qualification, or are engaged upon such courses. 
Every encouragement will be given to those wishing 
to continue their studies. 


# 
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The starting salary will be according to experience, 
age and qualifications. The company offers good 
conditions of service including bonus, pension and 
sick pay schemes. 


$ 


Please apply in writing, guoting reference U.530, to: 
Personnel Officer (JE), , 

Glaxo Laboratories Limited, 

North Lonsdale Road, 

Ulverston. (1921) 
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SHEFFIELD AREA 
HEALTH AUTHORITY (TEACHING) 


CENTRAL DISTRICT (TEACHING) 


SENIOR SCIENTIFIC OFFICER 
SCIENTIFIC OFFICER 


A vacancy exists within the Sheffield Supra-Regional 
Endocrine Investigation Centre for a Senior or Basic 
Grade non-medical Scientific Officer, to commence 
as soon as possible after 14th June 1974. 

The post will be of great interest to graduates with 
a first or second class honours degree or higher 
qualification with a background of medical physics 
and/ or biochemistry. 

The person appointed will be expected to aid the 
development of automated techniques and to help in the 
every-day maintenance of complex electronic equipment 
including a 16 K-store computer. The ability to write 
programmes and/or the will to learn would be 
advantageous. 


Whitley Council Terms and Conditions of Service apply. 


Salary Scales: 
Basic Grade—£1,953 to £2,694 p.a. 
Senior Scientific Officer—-£2,964 to £3,843 p.a. 


Candidates wishing to view the laboratories should 
telephone Mr. B. Bevan, Principal Non-Medical 
‘Biochemist, Jessop Hospital for Women, Sheffield. 
(Telephone 0742 29291 ext. 269) 

Applications stating age, qualifications, experience 
and the names and addresses of 2 referees to the 
District Administrator, Central District {Teaching}, 
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UOTE 


CAARDOIFE 


Universily of Wales Insitute of Science and Tuclinalany 


RESEARCH ASSOCIATE 
APPLIED PHYSICS 


with good Honours degree in relevant subject 
and Ph.D. or equivalent—required to work 
on the transport theory of tunnelling and its 
application to semiconductor devices prablems. 


Salary : 


Ist year, £1,929: 2nd year, £2,058 
(under review), with FSSU 


Requests (quoting Ref. N) for details 
and application form (returnable by June 7. 
1974) to Personnel Section, UWIST, Cardiff 
CFI 3NU. (1855) 





McGILL UNIVERSITY 
MONTREAL, QUEBEC, CANADA 


Applications are invited for a two year appoint- 
ment at the Assistant or Associate Professor level 
for a biologist-physiologist with strong BIO- 
MATHEMATICAL interests in the Department of 
PHYSIOLOGY starting September 1, 1974. The 
department hopes to be able to extend the appoint- 
ment. Responsibilities include teaching under- 
graduate and graduate level Science courses, Send 
applications with curriculum vitae and names of 3 
references to: 

Ms. Maria Olejar 

Dept. of Physiology 

3655 Drummond Street 


Sheffield Area Health Authority (Teaching), 10 Beech McGill University 
Hill Road, Sheffield $10 2RZ, by 25th May 1974. (1860) OM D A nana ee 


UNIVERSITY OF BIRMINGHAM 
BRITISH HEART FOUNDATION 
CHAIR OF CARDIOLOGY 


Applications are invited for the British Heart 
Foundation Chair of Cardiology in the Department 
of Medicine. Appointment from a date to be 
arranged. ; 

Salary in the clinical professorial range, maximum 

599 


Further particulars obtainable from the Registrar, 
University of Birmingham, P.O. Box 363, Birming- 
ham BIS 2TT, to whom applications (12 copies: one 
from overseas applicants) naming 3 referees. should 
be sent by June 17, 1974, (1742) 


A.S.P. BIOLOGIGAL AND 
MEDIGAL PRESS sovier svision 


(Publishers of the International Biochemical Journal Biochimica et 
Biophysica Acta) has immediate openings in AMSTERDAM for full-time 
£1,599. 


editorial assistants 


Description University of Birmingham P.O. Box 363, Birming- 
ham B14 2TT, to whom applications (12 copies: one 
from overseas applicants) naming 3 referees, should 
be sent by June 17, 1974. (1741) 


UNIVERSITY OF BIRMINGHAM 
CHARLES HAYWARD CHAIR OF 
GERIATRIC MEDICINE 


Applications are invited for the newly established 
Charles Hayward Chair of Geriatric Medicine in 
the Department of Medicine. Appointment from 
a date to be arranged. 

Salary in the clinical professorial range, maximum 


@ Preparation of manuscripts for printing 
@ Correction of proofs 
@ Language correction of contributions written by non-English UNIVERSITY OF SYDNEY 


speaking authors DEPARTMENT OF THEORETICAL 
@ Supervision of free-lance workers CHEMISTRY 


@ Responsible and variable work Professional Officer Grade I 
(Electron Spectroscopist) 


Requirements Applications are invited from candidates with 
; ` ‘ ; ; - Te Ph.D. or equivalent qualification in Chemistry or 
@ Degree, or equivalent, in chemistry, biochemistry or biomedicine Physics. 
preferred Salary up to $A7,857 per annum. 


The appointment is initially for one year, renew- 
able annually subject to mutual agreement for a 
period of three years. 


Experience in experimental photoelectron spec- 
troscopy or in a closely related field js essential. 
The appointee will take overall responsibility for 
maintaining and organizing the use of the equipment 
(at present, a Perkin-Elmer PS-18 spectrometer) and ' 
will take an active part in the design of new ` 
instrumentation. A suitable candidate will be en- 
couraged to participate in the research programme 
of the Department. 

Applications, including details of qualifications 
and experience and names of two referees, to the 
Registrar, University of Sydney, N.S.W., 2006. 


@ English mother tongue 


A good salary, according to qualifications and experience, work in a congenial 
atmosphere and excellent social security arrangements are offered. 


Handwritten applications, giving details of education and previous experience 
and an indication of salary expected, shold be addressed to: 
The Personnel Department s 
Associated Scientific Publishers 
P.O. Box 2400, Amsterdam, The Netherlands. 


8 (1944) Australia. Further information from Professor N. S. 
e.’ ” Hush, Schoo! of Chemistry, University of Sir 
A ; } 
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university of wales = 
university 
COLLEGE OF 
SWANSEA :: 





Applications are invited for the following: 





Postdoctoral 
Research 
Assistant 


Research Assistant is re- 
quired in the Department of Biochemistry 
to work on an S.R.C. sponsored research 
programme concerned with enzymic mech- 
anims involved in the formation of uraciiyi 
amino acids. Preference will be given tọ 
applicants with experience in the separation 
and purification of enzymes, especially those 
of plants. 


The commencing salary will be on the 
scale £2,118 to £2,412 per annum plus 
F.S.S.U, benefits, and the appointment will 
be for one year in the first instance from 
August 1, 1974. renewable annually up to 
December 31, 1976. ; 


The closing date is Friday, June 14, 1974, 







A Postdoctoral 
















Department of 
Genetics 
Research Studentship 


The Medical Research Council is prepared 
this year to offer to a suitable candidate a 
research studentship tenable at the above 
University College. The Research will involve 
the study of mechanisms of genetic, change 
und effects of environmental mutagens in 
yeast under the supervision of Dr. J. M. 









Parry. Applicants should have a first or 
upper second class degree in a biological 
subject. 





The closing date is Friday, June 7, 1974. 


Further particulars and application forms 
may be obtained from the Registrar/Secretary, 
University College of Swansea, Singleton Park, 
Swansea, SA2 8PP, to whom they should be 
returned by the appropriate date. (1884) 








UNIVERSITY OF ABERDEEN 
Senior Lectureship in Medical Physics 


Applications are invited from experienced radio- 


isotope hospital physicists to be responsible for 
team of physicists, technicians and ancillary staff 
engaged in wide range of research activities and 
providing nuclear medicine service to the Hospital 
Region. The successful candidate will alo be 
responsible for team providing D.M.R! physics 
course, and join in M.Sc. (Medical Physics) teaching. 
Salary on scale £4,368 to £5,496 rising to £4,707 
to £5,844 at October 1, 1974, with initial placing 
according to qualifications and experience. 
Further particulars from The Secretary, The 
University, Aberdeen, with whom applications (2 
copies) should be lodged by May 31, 1974. 
' (1880) 
tte 


UNIVERSITY OF ABERDEEN 
Research Assistant in Zoology 


Applications are invited for above post for work 
on social behaviour and population ecology of 
shelduck at Culterty Field Station. Applicants 
should have a good degree in Zoology including 
courses in behaviour and ecology. Post is financed 
by N.E.R.C. for three years from October I, 1974, 
Salary within range £1,305 by 87 to £1,659. 

Further particulars from The Secretary, The 
University, Aberdeen, with whom applications (2 
copies) should be lodged by May 25, 1974. 

(1877) 


"E 


Please apply in writing to:- 
Cameron Wolstenholme, 


John Wyeth & Brother Limited, 
Huntercombe Lane South, 
Taplow, 

Maidenhead, 

Berks, SL6 OPH. 


CORPORATE LABORATORY-RUNCORN 


Microbiologist 


A vacancy has arisen within our expanding organisation at Havant, 
Hants, for a Microbiologist to join a small team involved in the 
microbiological quality control of pharmaceutical nutritional products 


The candidate should have a degree or equivalent qualifications in 
microbiology, age 25/45 and have at least two years experience. 


A competitive salary will be paid depending upon age and experience. 


The Company offers a non-contributory Pension and Life Assurance 
Scheme. Assistance with re-location expenses will be considered. 


Director of Personnel & Industrial Relations, 


Wyeth 


om hd 
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The Corporate Laboratory at 
Runcorn has a vacancy for a 


CELL PHYSIOLOGIST 


with research experience in the culture in vitro of animal cells and in 
the study of the characteristic properties and functions of such cells. 
Applicants should be under 30 and hold a PhD in this field. 


The successful applicant would join a multidisciplinary team engaged in 
long-term research in the Biosciences. While the team has a defined need 
for specialist skills in cell physiology, the successful applicant would 

be given every encouragement to initiate original research projects. 


Runcorn, conveniently situated for Manchester, Liverpool and 
Chester, is within easy reach of the Lake District, North Wales and the 
Peak District, yet is only 24 hours by train from London. 


If you are interested, please write for an application form to: 


Mr J. A. Hurst, Personnel Officer, 






P.O. Box 11, 


GRASSLAND RESEARCH INSTITUTE 
Hurley, Maidenhead, Berkshire 


An opportunity exists for a HIGHER SCIEN- 
TIFIC OFFICER/SENIOR SCIENTIFIC OFFICER 
to join a small group of scientists engaged in 
operational research on grassland farming enter- 
prises with special reference to permanent grass- 
land. Applicants should have a knowledge of 
farming systems and preference will be given to 
candidates with experience, of a special interest 
in developing methods of analysing the physical and 
socio-economic data being collected by the group. 


_ Candidates should have a good honours degree 
in an appropriate subject, with at least two years 
Post qualifying experience for appointment at 
H.S.O. (£2,221 to £2,854), and four years “for 
S.S.0. (£2,798 to £3,895). Commencing salary 
according to qualifications and experience. 


F.S.8.U. with a non- 
offset personal contribu- 


Superannuation under 
pensionable allowance to 
tions, 


_Applications to the Secret#y by June 7, 1974 
giving Curriculum vitae and the names of three 
referees and quoting Reference 10/G/16. (193g) 


ICI Limited, Corporate Laboratory, 


The Heath, Runcorn, Cheshire. WA7 4QE. 


(1937) 


BIO-RESEARCH LABORATORIES 
LTD. 
CANADA 


Applications are invited from qualified Veterimars 
Pathologists interested in joining the Department of 
Toxicology in the capacity of Staff Pathology: 
Responsibilities wll include techncal supervision at 
Autopsy Room and Histology Laboratory persoanc! 
and activities. Principally, however, the succesfu' 
candidate will be responsible for the evaluation vf 
histological specimen material arising out of tox- 
cological research in a variety of laboratory animal 
species and for the preparation of reports appro- 
priate to the research in question. Salary will be 
commensurate with qualifications and experience 

Bio-Research Laboratories Ltd is a Canadian 
research company operating in the life sciences 
field. Applications, curricula vitarum and requests 
for further details may be directed ta Dr. C 1 
Chappel, Director, Bio-Research Laboratories Ltd. 
266 Hymus Blvd, Pointe Claire. Quebec. Canada 
H9R 1G6. j (1799) 
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Theoretical Nuclear Physicists 


are required to join a newly formed group at the 
Daresbury Laboratory. Theoreticians will be 
expected to collaborate with University Physicists 
in developing research programmes for the large 
tandem Van de Graaff accelerator (terminal 
potential 30 MY) being built at the Laboratory. 
Preference will be given to theoreticians interested 
in heavy ton reactions and the structure of heavy 
nuclei. Posts are normally available for a fixed 
term of three years. 





. 
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The successful applicants will be appointed as 
Research Associates at salaries between £2,096 and 
£4,898. The level at which an Associate is 
appointed is dependent on age, ability and 
experience. 

Applicants should possess a Ph.D or its equivalent, 
or expect to obtain their Ph.D during 1974. 
Superannuation is contributory under the 
Federated Superannuation System for Universities. 
Closing date: 24 May 1974. 


Please write or telephone Warrington 65000, 
Ext 467, for an applicotion quoting reference 
DL/508/T to: 


(1848) 


Personnel Officer, 

. Science Research Council 
Daresbury Laboratory, 
Daresbury, 


WESSEX WATER AUTHORITY 


Somerset Rivers Division 


Assistant Biologist 


With the agreement of the Water Services Staff Commission, 
applications are invited for the above post from persons at present 
employed in the Water Industry as defined by Circular 5/73 as 
amended by 8/73. First consideration will be given to applicants 
from within the Authority’s Region. 

This post is suitable for a young qualified limnologist wishing 


to gain experience. 


The successful candidate will work under the direction of the 
Water Quality Officer. He will be involved in the sampling of 
Rivers, both chemically and biologically. An interest in instrumen- 


tation is desirable. 


Commencing salary for the post will be within the range £),353 


to £1,926 per annum. 
Job specification 


and application forms 


(which should be 


returned not later than 3rd June) may be obtained by writing to:- 


Wessex Water 





LAURENTIAN UNIVERSITY 
Sudbury, Ontario, Canada 


Applications are invited for a faculty position at 
the rank of Assistant Professor in the Department 
of Biology. This is a temporary (sessional) appoint- 
ment, for one year in the first instance. 

Candidates should possess a doctorate and 
preferably be bilingual (English and French). A 
Zoologist is being sought to teach vertebrate biology- 
systematics and embryology to undergraduates. 

Availability for appointment: September 1, 1974. 


Closing date for receipt of applications: When a 
suitable candidate is selected. 

Replies containing curriculum vitae, list of pubji- 
zations and the names of three referees should be 
forwarded to: 

Chairman, 

Department of Biology, 

Laurentian University, s 
Sudbury, Ontario, g 
Canada P3E 2C6. (1878) 


Divisional Manager, 

Somerset Rivers Division, 
Wessex Water Authority, 

The Watergate, 

West Quay, 

Bridgwater, Somerset TA6 3HN. 


(1918) 


UNIVERSITY OF LIVERPOOL 


Chair of Clinical Pharmacology 


Applications are invited for the Chair of Clinical 
Pharmacology which will become vacant on Sep- 
tember 30, 1974, following the retirement of 
Professor A. Wilson, 


The salary of the Professor will be within the 
range approved for clinical Professorial salaries 
and initially will depend on the qualifications and 
experience of the successful candidate. 


@pplications (16 copies), together with the names 
of three referees, should be received not later than 
Jur 3. 1974 by the undersigned, from whom further 
particulars may be obtained. (Canr@lidates overseas 
may send one copy only, by airmail). Quote ref. 
RV/N/276015. 


H. H. Burchna®, 
Registrar, 

The University, 
P.O. Box #7, 


@ Liverpool L69 3BX. (1872) 











Warrington WAG 48D. 





The Hatfield Polytechnic 


DEPARTMENT OF BIOLOGICAL 
SCIENCES 


Laboratory 
Superintendent 


Applications are invited from suit- 
ably qualified and experienced tech- 
nicians for t is new post in the 
Department of Biological Sciences. 

A high level of technical skills is 
required together with proven super- 
visory and organisational ability. 

Salary scale T6 £2,235-£2,535 per 
annum. 

Application forms may be obtained 
from the Staffing Officer, The Hatfield 
Polytechnic, PO Box 109, Hatfield, 
Herts. Telephone 68100, ext. 309. For 
further information please contact Mr 
K. Thomas, Head of Department, ext. 
247. This advertisement appears with 
the approval of the Local Government 
Staff Commission. Please quote ref: 


472. 
(1920) 
ee ee 


UNIVERSITY COLLEGE CARDIFF 
DEPARTMENT OF BIOCHEMISTRY 


Two 3-year research assistantships are available 
for stulies on: 

(1) Control of protein catabolism (with Dr. J. 
Kay) starting from July 1 or as soon as 
possible thereafter. Experience in peptides and 
enzyme chemistry and in the operation of 
amino acid analysers would be advantageous 
but not essential. 

(2) Lipid synthesis and its control in plants (with 


Dr. J. Harwood) starting on October 1. Ex- 
perience in enzymology would be advan- 
tageous. 


Applicants should possess a B.Sc. or similar 
qualification and have a goo knowledge of basic 
biochemical techniques. Starting salaries in range 
£1,416 to £1,563 per annum (under review). 

Further particulars available from Dr. Kay and 
Dr. Harwood, c/o Biochemistry Department. 

Applications including a curriculum vitae and the 
names and addresses of 2 referees should be sent 
to: The Registrar. University College, P.O. Box 78, 
Cardiff CF1 IXL. no later than May 31. 1974. 
Please quote 0556, (1876) 





ST. HELIER HOSPITAL 
Carshalton, Surrey 
A BASIC GRADE BIOCHEMIST 


is required for a busy Clinical Chemistry department 
in the above hospital. The Department is highly 
automated with an SMA 12.60, etc., and undertakes 
a wide variety of work. 

Previous experience in radioimmunoassay 
niques desirable but not essential. 

Applications, giving details of qualifications, ex- 
perience and the names and addresses of two 
referees, should be sent to Dr. L. Chapman 
immediately. (1874) 


tech- 





WYE COLLEGE 
(University of London) 
DEPARTMENT OF PHYSICAL SCIENCES 


POST-GRADUATE ASSISTANTSHIP 


Applications are invited for an Agricultural Re- 
search Council three-year Post-graduate Assistantshin 
to study the biophysical action of plant growth- 


regulating substances on roots and root mem- 
branes. 
Aoplicants should be graduates with special 


interests in physical chemistry and thote expectine 
to graduate this summer may apply. The Assistant 
may be allowed to register for a higher degree. 
Applications with the names of two referees 
should be sent to the Secretary (N), Wye College. 
Wye. Ashford, Kent, from whom further particulars 
can be obtained. (1870) 
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UNIVERSITY OF BIRMINGHAM 


DEPARTMENT OF ELECTRONIC AND 
ELECTRICAL ENGINEERING 


RESEARCH IN UNDERWATER 
ACOUSTICS 


Applications are invited for the following posts: 
Senior Research Associate 


The Department has been awarded a three-year 
contract by the Ministry of Defence (Navy) to 
investigate various means of detecting acoustically 
objects buried in sediments. Applicants should be 
graduate electronic engineers with suitable post- 
graduate experience. An appointment can be made 
immediately. 


Senior Research Associate/ 
Research Associate 


The Science Research Council has awarded the 
Department a three-year research grant to study 
and optimise high frequency underwater acoustic 
transducer performance. Applicants should be 
graduates in either electronic engineering, electrical 
engineering, physics or mechanical engineering, 

The appointment may be at the level of Research 
Associate or Senior Research Associate, depending 
upon qualifications and experience, and can com- 
mence on July 1, 1974, or as soon after as fs 
possibile. 

Salary seales: (under review), 


Senior Resarch Associate £2,223 to £3,048 
(exceptionally £4,548) 
Research Associate £1,569 to £2.223 
{exceptionally £2,718) 
Plus F.S.S.U., 


Appointees wil join an active research team 
working in Underwater Acoustics and Underwater 
Technology. Previous experience in Underwater 
Acoustics is not essential. 


Applications (3 copies) with names of 3 referees 
to Assistant Registrar (S), University of Birmingham, 
P.O. Box 363, Birmingham BIS 2TT by May 31, 
1974. Please quote reference: NRS. (1873) 


ROYAL HOSPITAL FOR SICK 
CHILDREN, EDINBURGH 


Graduate as Technician required for Cyto- 
genetics Unit. Previous experience in cyto- 
genetics and tissue culture an advantage but 
not essential as full training can be piven. 


Post would be suitable for new graduate 
wishing to make a career in cytogenetics. A 
suitable qualified appointee may be eligible 
for promotion to full graduate status should 
such a vacancy occur within the Unit, 


Applications, giving the names of two 
referees, to the Sector Administrator, Royal 
Hospital for Sick Children, 1  Rillbank 
Terrace, Edinburgh EH9 1LN. (1867) 





ee TTA aa, 


UNIVERSITY OF RHODESIA 
DEPARTMENT OF GEOGRAPHY 


SENIOR LECTURESHIPS/ 
LECTURESHIPS IN GEOGRAPHY 
(TWO VACANCIES) 


Following on recent additions to staff establish- 
ment, the Department will consider applications 
from geographers with a variety of topical interests, 
both human and physical. Applicants should indicate 
in their applications the full range of their interests 
and abilities as well as their special field of study. 


Salary scales (approximate Sterling equivalents): 
Senior Lecturer £5,346 by £214 to £7 058: ponies 
Grade F £4,857 by £180 to £5,577: Lecturer Grade 
II £2,994 by £154 to £3,456 by £171 to £3,798 by 
£180 to £4,518 by £170 to £4,688. 


Family passage and allowance for transport of 
effects on appointment. Assistance with accommoda- 
tion for up to three years for persons recruited 
som Paar AET Sabbatical and triennial 

5 wito travel] allowance. Superannuati 
medical aid scheme, j ee 


; Applications (six copies) giving full personal par- 

ticulars (including full names, place and date of 
birth, etc.), qualifications, experience and publica- 
tions and naming three referees, should be sub- 
mitted by June 15, 1974 to the Registrar, University 
of Rhodesia, P.O. Box 2702, Salisbury, Rhodesia. 
An additional copy should be sent to the Associa- 
tion of Commonwealth Universities {Appts}, 36 
Gordon Square, London, W.C.1, from whom 
further particulars may be obtained. 

The Head af Dept. Professor G. Kay is at 
present in the United Kingdom and can be con- 
tacted through the Association of Commonwealth 
Universities. (1869) 





Universiteit van Amsterdam 


Applications are invited for a teaching and research 
post (lecturer) in the Department of Structural Geo- 


logy. Duties 


will 


include Instruction in structural 


geclogy and in fieldwork. Applicants should have con- 
siderable experience in structural geology. Experience 
in petrology or mineralisation problems would be 
favourable. Salary in accordance with background and 


experience. 


Send curriculum vitae, precise research interests and 
names of at least two referees to: Dr. O. J. Simon, 


Geological Institute, 130 Nieuwe Prinsengracht. Am- 
sterdam, The Netherlands. 


(1871) 








UNIVERSITY OF OXFORD 
DEPARTMENT OF BIOCHEMISTRY 


M.R.C. IMMUNOCHEMISTRY UNIT 


A vacancy exists for a Junior Technical Officer/ 
Technical Officer in the above unit. Applicants 
should be qualified to Higher National Certificate 
standard and have several years’ experience in 
biochemical/analytical techniques, including spectro- 
photometry, chromatography and  radiochemistry. 
Some knowledge of protein chemistry and an 
ability to work with small animals is desirable, 
but not essential. 

Salary, according to age and experience, on the 
scale £1,854 to £2,073 (bar) £2,184 to £3,057 (under 
review. Applications, including full details of educa- 
tion and career to date, and the names of two 
referees, to: The Administrator, Department of 
Biochemistry, South Parks Road, Oxford ate 


SENIOR BIOCHEMIST 


WESTERN INFIRMARY AND 
GARTNAVEL GENERAL HOSPITAL 
Glasgow 
(DEPARTMENT OF BIOCHEMISTRY) 

The successful applicant for the above position 
will have the opportunity to gain extensive experi- 
ence of automation or, alternatively, take part in 
specialist developments with this expanding depart- 

ment. 

The Laboratories are a part of the Department 
of Pathological Biochemistry of the University of 
Glasgow, and therefore experience gained in an 
academic environment will be regarded as advan- 
tageous. The main Laboratories are situated in the 
recently opened Gartnavel General Hospital, and 
deal with the majority of the biochemical analyses 
for the Western District of Glasgow. 

Potential applicants are invited to visit the 
Laboratories by appointment (Tel: 041-334 8122). 

Applications stating age, experience, qualifications 
etc., together with the names of two referees should 


be sent to Dr. J. T. Robson, Department of 
Biochemistry, Gartnave] General Hospital. Great 
Western Road, Glasgow G12 OYN. (1916) 





LONDON SCHOOL OF HYGIENE 
AND TROPICAL MEDICINE 


(University of London) 
KEPPEL STREET, WCIE 7HT 


RESEARCH ASSISTANT experienced in Bio- 
chemistry is required for the Hepatitis Reesarch 
Unit (Professor A. J. Zuckerman). Salary up to 
£2.073 per annum plus £126 London Weighting. 
Written applications to Secretary (Al), London 
School of Hygiene and Tropical Medicine, Keppel 
Street, London WC1E 7HT. (1889) 


UNIVERSITY OF LIVERPOOL 
DEPARTMENT OF ORGANIC CHEMISTRY 


Applications are invited from suitably qualified 
organic and biochemists for a Senior Research 
Assistantship. The person appointed would be ex- 
pected to work on the biosynthesis of fuffgal 
metabolites from 13C-precursors. The appointment 
will date from October 1, 1974 and the salary will 
be in the range £1,959 to £2,178 per annum (under 
review) plus F.S.S.U. Applications giving full 
academic qualifications, detajls of research experi- 
ence and names of two referees should be sent as 
soon as possible to the Reewtrar, The University 
of Liverpool, P.O. Box 147, Liyerpool L69 3BX. 
Quote ref. RV/N/276019. (1919) 


RG6 2AJ. Ref. M.N.18. (1890) 


UNIVERSITY OF READING 


The Ministry of Agriculture, Fisherics and Food 
is prepared this year to offer tu a surtable candidate 
a Studentship tenable in the Department of 
Physiology and Biochemistry in the University of 
Reading. The value of the MAFF award in 1974 
will normally be £695 per annum. The subject for 
research leading to a Higher Degree will be either, 
protein and amino acids in the growing rabbit or 
citrate and malate metabolism im the pregnant 
ewe. Work should start in October 1974 and appli- 
cants should hold at least an Upper Second Class 
degree in a suitable subject or hope to qualify this 
summer. Further particulars may be obtained from. 
Professor C. Tyler, Department of Physiology and 
Biochemistry, The University, Whiteknights, Reading 


se aiiibiiimietenhen’ 


DALHOUSIE UNIVERSITY 
Nova Scotia, Canada 
DEPARTMENT OF ANATOMY 


TWO ASSOCIATE OR ASSISTANT 
PROFESSORS 


Applications are invited from persons with a 
Ph.D. or a professional qualification for the above 
positions. Duties may include the teaching of 
Anatomy to Medical, Dental or Paramedical 
students. An ability to teach gross anatomy and a 
research interest in the nervous system would be 
an advantage, Salary (minimum $15,000) and rank 
commensurate with experience. Applications together 
with curriculum vitae and the names of two referees 
should be addressed to Dr. D. G. Gwyn, Depart- 
ment of Anatomy, Dalhousie University. Halifax. 
Nova Scotia, Canada by June 20, 1974 (1881) 


COMMONWEALTH AGRICULTURAL 
BUREAUX 


Vacancy for 


SCIENTIFIC INFORMATION 
OFFICER 


at the 


COMMONWEALTH BUREAU 
OF SOILS 


Rothamsted Experimental Station 
Harpenden, Hertfordshire 


Duties: Preparing abstracts for the abstractinr 
journal ‘‘Soils and Fertilizers”, which covers world 
scientific literature on soils and soil-plant relation- 
ships, and dealing with scientific enquiries w:thin 
these fields. 

Qualifications: A degree in soils or in agricultural 
science, or in sciences basic to these. Ability to 
write good and concise English essential The 
successful candidate may be required to learn a 
foreign language. Experience or training in ir- 
formation work, including subject indexing, would 
be an advantage. 

Salary: In scale £1,435 to £2,592 (bar) £2,798 t^ 
£3.478 (bar) £3.756 to £4.004, plus a compensatory 
allowance (taxable but not superannuable) of 44% 
to offset personal contribution to F.S.S.U. Startin” 
salary according to qualifications, experience and 
age. 

Application forms: and full particulars from th- 
Secretary, Commonwealth Agricultural Bureaux. 
Farnham House, Farnham Royal. Slough SL2 JBN 
* Closing date for applications: June 14, an 

+ 





FIELD 





CSIRO 


DIVISION OF APPLIED 
ORGANIC CHEMISTRY 


MELBOURNE VIC 


RESEARCH 
FELLOWSHIP 


The Commonwealth Scientific and Industrial Research 
Organization has a broad charter for research into primary and 
secondary industry areas. The Organization has approximately 
6.500 employees—2,100 of whom are research and professional 
scientists—located in Divisions and Sections throughout Australia. 


ORGANIC 
CHEMISTRY 


GENERAL: The Division undertakes research into a wide spec- 
trum of applied chemical problems including problems associated 
with the chemistry of natural problems. 


DUTIES: Research study of biologically active compounds from 
plant or animal sources and possibly on the metabolism of biologi- 
cally active compounds in animals. The research background of the 
appointee may be taken into account in selecting the research 
project. 


QUALIFICATIONS: A Ph.D. in organic chemistry or equivalent 


qualifications, together with demonstrable research ability. 


SALARY: Appointment will be made within the salary ranges of 
Research Scientist or Senior Research Scientist: $A9,380 — $A14,290 


p.a. 


TENURE: This position is available for a fixed term of three 
years, 


Applications stating full personal and professional details, 
the names of at least two professional referees and quoting Refer- 
ence Number 586/18] should reach:- 


The Personnel Officer, 

Australian Scientific Liaison Office, 
64-78 Kingsway, 

LONDON WC2B 6BD. 


by the 14th June, 1974, 


Applications in U.S.A. and Canada should be sent to 

The Counsellor (Scientific), 

Embassy of Australia, 1601 Massachusetts Avenue, N.W., 
WASHINGTON, D.C. 20036, U.S.A. 


(1896) 


SITUATION REQUIRED 


Indian Agricultural Executive M.Sc. (Agriculture), 
forty years, with wide experience of Planning. Or- 
ganising and Administration of Agricultural Projects, 
Sales and Sales promotion of Agricultural inputs, 
Farm Management, Agricultural Extension and re- 
search both in India and abroad seeks immediage 
assignment of two to four years residential tou. 
(19 


06) 


+ 
_ RESEARCH UNIT requires an assistant who is 
inttrested in human genetics, to organise date and 
research projects relating to various aspects of the 
subject. Applicants should have experience in 
biomedical and/or secretarial work and be able to 
work on her own ifitiative. Please apply to the 
Administrative Secregary, Paediatric Research Unit, 
Guy’s Hospital Medical School, London, SEL 9RT. 


& (1927) 
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THE UNIVERSITY OF ASTON 
IN BIRMINGHAM 


DEPARTMENT OF BIOLOGICAL SCIENCES 
GENETICIST 


Applications are invited from suitably qualified 
persons for a Lectureship. The responsibilities of 
the post will include the teaching of genetics and 
biometry to students of biological sciences and the 
biology of man and his environment. Appointment 
to commence from August 1, 1974. 


Salary scale: Commencing salary in the range 
£1,929 to £2,388 per annum on a scale rising to 
£4,548 per annum (to be increased from October F, 
1974), 


Requests for further details and application forms 
(which should be returned within 14 days of the 
appearance of this advertisement) should be sent, 
preferably on a postcard, quoting Ref. No. 972/6, 
to: Staff Officer. University of Aston in Birmingham, 
Gosta Green, Birmingham B4 7ET. (1911) 








COMMONWEALTH AGRICULTURAL 
BUREAUX 


Vacancy for 


SCIENTIFIC INFORMATION 
OFFICER 


at the 


COMMONWEALTH BUREAU OF 
ANIMAL BREEDING AND 
GENETICS, EDINBURGH 


Duties include preparation and editing of abstracts 
for the journal ‘‘Animal Breeding Abstracts”, 
indexing, information retrieval and dealing with 
enquiries. 

Applicants must have a degree in the biological 
sciences or a degree in another subject plus experi- 
ence of information work in a suitable animal 
science field, and a reading knowledge of one or 
more foreign languages. 

Salary in scale £1,435 to £2,592 (bar) to £2,798 
to £3,478 (bar) to £3,756 to £4,004 plus a com- 
pensatory allowance (taxable but not superannuable) 
of 44% to offset personal contribution to F.S.S.U. 
ae salary will be in the lower sector of the 
scale. 

Application forms and full particulars from the 
Secretary, Commonwealth Agricultural Bureaux, 
Farnham House. Farnham Royal, Slough SL2 3BN. 

Closing date for applications: June 15, BAe 





GREENWICH & BEXLEY AREA 
HEALTH AUTHORITY 
BROOK GENERAL HOSPITAL 


Senior Technician—Neuropathology 


A vacancy exists in a new department which will 
deal with routine material from Neurosurgical and 
Neurological Units and research projects. 

The person appointed will be jointly responsible 
for implementing the services of the department. 
Applications giving age, experience and 2 referees 
to; 

Senior Chief Technician, 

Brook General Hospital, 

Shooters Hill Road, 

Woolwich, London SEI8 4LW. (1885) 





POST-DOCTORAL RESEARCH 
Two-year Post-doctoral Research position available 
immediately to study biochemical aspects of growth 
control in normal and leukemic lymphocytes, Ex- 
perience in isolation and characterisation of nuclear 
proves or general training in biochemistry pre- 
erred. 


Further inquiries and a curriculum vitae with the 
names of two references should be sent to: 


Dr. William I. Waithe 

Service d’immunologie 

Centre hospitalier de )’Université Laval 

2705 boulevard Laurier 

Ouébec G1V 4G2 

Canada. (1883) 





UNIVERSITY OF SURREY 
Guildford, Surrey GU2 SXH 
DEPARTMENT OF CHEMISTRY 


Applications are invited for a Science Research ` 
Council Postdoctoral Assistantship for work with 
Professor J. A. Elvidge and Dr. J. R. Jones on a 
study of tritium exchange in heterocyclic com- 
pounds. The appointment is available from 1/10/74 
and will be for either one or two years. Safarv 
£2.058 bv £165 plus F.S.S.U. Applications together 
with curriculum vitae and the names and addresses 
of two referees should be sent as soon as possible 
to one of the above-named persons, (188 
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CHELSEA COLLEGE 
University of London 


Rarer whan Scottish Health Service 
GEOCHEMISTRY ` 


Applications are invited from candidates with a 
first degree in Chemistry or Chemistry/Geology 


for a temporary RESEARCH ASSISTANTSHIP 

with a project (sponsored by N.E.R.C.) concerning COMMON SERVICES AGENCY 
the geochemistry of silicate melts. Work. will entail 

activation analysis of rock and mineral samples 

and will be carried out at London University . 

Reactor Centre, Ascot. Salary scale; £1.584 to SCOTTISH BLOOD 
£1.758 to £1.929 per annum. Superannuable. Further 

particulars and application forms from the Per- 


Lian ST Ok ea, EM Mae Rowe TRANSFUSION CENTRE 














(1907) 
UNIVERSITY OF READING Applications are invited for the post of PRINCIPAL SCIENTIFIC 
Plant Science Laboratories f , 
DEPARTMENT OF BOTANY OFFICER in the above Department. The successful applicant will be 
S.R.C./C.A.S.E. STUDENTSHIP responsible to the Regional Director for the day to day manage- 
IN PHYTOCHEMISTRY Eh l he Tare d haea] Fake Blood 
Applications are invited from Honours Graduates ment of the scientific, Ogistic and tecnnica aspects or the oo 
in Organic Chemistry, Biochemistry or Botany to e ra? : . : 
work on ‘Comparative Aspects of Phytoalexin Bank and Blood Component Divisions in which 35 technical and 
production in the family Leguminosae” in associa- . . 
tion with 1.C.I. Plant Protection Ltd.. Jealott’s scientific staff are employed. 
Hill Research Station, Bracknell, Berkshire. 
The studentship is available from October 1, 1974 : bona fh : : 
for a period of up to three years. The post is on the Principal Biochemist salary scale, and NHS terms 
Application with a curriculum vitae and the ae R z i 
names of two referees should be sent to: and conditions of service will apply. Further particulars may be ob- 
Dr. J. B. Harborne, : ; D. ; : 
Phytochomical Unit, tained from the National Administrator, Scottish Blood Transfusion 
Plant Science Laboratories, : ; - : 
Whiteknights. Service, 17 Rothesay Terrace, Edinburgh EH3 7SF. Applications 
Reading RG6 2AS. l 
Closing date is June 15, 1974. (1897) with the names of 2 referees should be forwarded to the Secre- 





tary, Common Services Agency for the Scottish Health Service, 


E E as anv E 17/18. Rothesay Terrace, Edinburgh EH3 7SF not later than 8th 


to be filled on or after April 1, 1975. 
TRIUMF, a 500 MeV high intensity cyclotron. June, 1974. 

is operated on the University of British 

Columbia campus by a consortium of four (1935) 
universities, 


THEORISTS AT TRIUMF 





Theoretical physicists will work closely with 
experimenters on problems of intermediate 
energy physics. Appointments initially for one 
year, will be renewable subject to availability 
of funds. Depending on experience, , salary 
and rank will correspond to Assistant or 
Associate Professor. 

Closing date is September 30, 1974, Send 
resume and references to: A 

Dr. J. R. Richardson, Director. 
TRIUMF., University of British Columbia, 


E Reckitt & Colman 


—$—<—< $e 
UNIVERSITY OF KENTUCKY 
ASSISTANT PROFESSOR 
BIOCHEMISTRY 
Several full-time faculty positions are available 


E E | 
immediately for candidates committed to pursue 
fundamental research programmes in _membrane 
biochemistry or molecular biology. Participation is 


, expected in biochemistry courses for medical 
students, graduate | students and undergraduates. 
Only candidates with post-doctoral experience will 








be considered, The University of Kentucky is an To join the Medical Department of a well established and expanding : 
equal opportunity/affirmative action employer. Pharmaceutical Division of this major British Company. i 

Send vita and three letters of reference sto Chair- ORTEN f ; F ; 
man, Department of Biochemistry, College of The successful applicant will join a highly qualified team of experienced i 
Medicine, University of Kentucky, Lexington, i i i is or r professional contribution on all l 
eck A, Eo professionals and will provide his her p o 


subjects relating to nutrition. Initial work will be in the 
e e Shee Dama field of. infant nutrition, particularly premature infants and 


UNIVERSITY OF BRISTOL neonates, and will involve liaison with clinical research workers in 
LONG ASHTON RESEARCH STATION centres throughout the U.K. 


Applications are invited for a RESEARCH 


ASSISTANT to work on the promotion of Aow in The demands of this job will require the successful applicant to be well 


mr fodh ohi- dente hla eee teat O nies Pie awe Aa wee 


in Sitka Spruce. The work would be under the qualified and experienced, preferably with a research orientated career 
general direction of Dr. L, C. Luckwill and be background which will enable him or her to function effectively in an 
carried out in collaboration with the Forest è h f k t 
„í aborati 1 € forestry i i : 
commision Pilar Research Station at Roslin, atmosphere of new ideas and creative wor 
near in . Alth se 7 i : : ‘ ‘ 
‘ne guceautul edndidats woul ace Be The appointment is located in Hull and the salary will be attractive. 
carry out field work in Scotland. Please write quoting ref U.75 foman application form to: 
f q g p 

The assistantship is for a period of three years , e 
commencing in July 1974. Applicants should possess 
a good Honours degree in Botany, Applied Biology, R. A. Sandow, ° ; 
Horticulture or Forestry and show a marked apti- Divisional Personnel Manager, j 
tude for applied research. Salary would be in the Reckitt & Col E ; . 
range £1,707 to £1,846 per annum. A current ecKI 0 maş, S ; f : 
driving licence is essential. Pharmaceutical Diyision, 

Applications to: The Secretary, Research Station, Dansom Lane, Hu Hus 7DS © (1940) ` 
Long Ashton, Bristol BS18 9AF, before June 14, s i 
from whom further particulars can be obtained. e 

(1893) 














British Museum (Natural History) 
Sub-department of Anthropology 


Physical Anthropologist 


m Develop and co-ordinate research on fossil and recent populations, 
in collaboration with Museum’s Serological Unit @ Curatorial 
responsibilities. 

J rst/2nd hons degree in appropriate subject © At least 2 years’ postgraduate 
experience J Age under 32 O Appointment as Senior Scientific Officer 
(£2973-£4070) or Higher Scientific Officer (£2396-£3029) according to age 
and experience Q Salaries under review (1 Ref: SB/23/DK. 

() Application forms (for return by ro June 1974) from Civil Service Com- 
mission, Alencon Link, Basingstoke, Hants, RG21 1JB, telephone Basing- 
stoke 29222 ext. 500 or London o1~839 1992 (24 hour answering service). 


Department of Agriculture and Fisheries for Scotland 
Agricultural Scientific Services, East Craigs, Edinburgh 


Analytical Chemist 


W Join small team analysing residues of pesticides and heavy metals 
in relation to agriculture, food storage, wildlife and environment 
generally E Development of new analytical methods involved E 
Chemotaxonomy of plants using modern analytical techniques. 

O Hons degree, or equivalent, in Chemistry (] Experience of gas chromato- 
graphy and other microanalytical methods an advantage O Age under 30 0 
Appointment as Higher Scientific Officer ({2221-£2854) or Scientific Officer 
(£1435-£2329) according to age and experience (1 Salaries under review C] 
Ref: SA/4/DLA. 

(] Application forms (for return by ro June 1974) from Scottish Office, 
Personnel Division, Room 214, 22/25 Queen Street, Edinburgh, EH2 1LY, 
telephone 031-556 9222 ext. 762. 


Department of Agriculture and Fisheries for Scotland 
Marine Laboratory, Aberdeen 


Research Fellow - 
Mathematician 


u To study theory of population structure in marine ecosystems M 
Problems include, interaction of physical processes with community 
dynamics, factors determining population stability and effects of 
pollution on marine life E Computer simulation modelling involved. 
(0 rst/and hons degree, or equivalent, in Mathematics G Experience in 
numerical analysis and interest in ecological problems an advantage D At 
least 3 years’ postgraduate experience O Appointment for 3 years as Senior 
Research Fellow (£2794-£3480 under review) D Ref: SC/1/DLC. 


E Join team engaged on study of pollutants in marine ecosystems M 
Investigate effect of pollutants on food chains, leading to particular 
species of commercial fish E Design and operate field experiments 
to determine distribution of selected pollutants g Field and labora- 
tory work involved. 
0 Degree, or equivalent, in Biology — preferably good hons [ At least 2 
years’ postgraduate experience [] Interest in chemistry desirable 0 Experience 
of experimental work, particularly with large-scale tank systems an advantage 
(] Age under 32 O Appointment as Senior Scientific Officer (£2798-£3895) 
or Higher Scientific Officer ({£2221-£2854) according to age, qualifications 
and experience O Salaries under review O Ref: SA/6/DLC. 
(] Application forms (for return by 12 June 1974) from Scottish Office, 
Personnel Management (PTS) 1, Room 214, 22/25 Queen Street, Edinburgh 
EH2 ILY, telephone 031-556 9222 ext. 762. 

t 
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(1900) 
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THE UNIVERSITY OF ASTON 
IN BIRMINGHAM 
DEPARTMENT OF MATHEMATICS 


LECTURERS 


Vacancies exist for well qualified mathematicians/ 
Statisticians in the Department of Mathematics, The 
Department is directly responsible for a first degree 
in Mathematics/Statistics, an M.Sc. course in Indus- 
trial Mathematics and Statistics and for research. 
In addition it offers a service to the University in 
the teaching of Mathematics and Statistics. The 
duties of those appointed will be in this service 
area. Preference will be given to those applicants 
whose research interests are in the application of 
mathematics/statistics to science and technology. 

Commencing salary within the range £2,118 to 
£2,580 per annum on a scale rising to £4,896 per 
annum (payable with effect from October 1, 1974). 

Requests for further details and application forms 
(which should be returned not later than June 3} 
should be sent, preferably on a postcard, quoting 
Ref. No. 974/6, to the Staff Officer, The University 
of Aston in Birmingham, Gosta Green, Birmingham 
B4 7ET. (1912) 








M.R.C. CLINICAL RESEARCH 
CENTRE 


(Northwick Park Hospital) 
Watford Road, Harrow, Middlesex HAI 3U] 


RESEARCH ON THE 
FUNCTIONAL PSYCHOSES 


Applications are invited from suitably qualified 
candidates for a full-time research post in the 
recently established Division of Psychiatry at this 
Centre. The Division has been established to study 
physiological and biochemical correlates of mental 
illness and the successful candidate wil contribute 
to the psychological and behavioural aspect of these 
investigations, 

The appointee will work on the psychological 
deficit in schizophrenia and some knowledge of 
biochemical or pharmacological aspects of psy- 
chiatric disease would be an advantage but is not 
essential. 

Salary according to age and experience. 

Further details and application forms may be 
obtained from Mrs. J, Tucker-Buil. 

Please quote ref. 125/1. Closing date: Jun 29. 

(1914) 





EAST BIRMINGHAM HOSPITAL 
DEPARTMENT OF CLINICAL CHEMISTRY 


BASIC GRADE BIOCHEMISTS 


Due to expansion of the department and extended 
facilities vacancies have arisen for Basic Grade 
Biochemists. One post is available now, the other 
will be available in September. These posts are 
most suitable for those in, or about to qualify for, 
the post-probationary grade, for example with an 
M.Sc. in Clinical Chemistry, but other Honours 
Graduates would be considered. 


The laboratories are well equipped and offer a 
wide range of activities giving full training for 
M.C.B. Automation is by single channel systems 
and reaction rate analysers, thus offering ample 
opportunities for development. Off line computer 
facilities are about to be installed. Several research 
programmes is collaboration with clinical staff are 
also being pursued. 


Further details may be obtained from D. H. G. 
Sammons, Department of Clinical Chemistry, East 
Birmingham Hospital, Bordesley Green East, 
Birmingham B9 5ST, to whom al! applications 
naming two referees should be made. (1915) 





IMPERIAL COLLEGE OF SCIENCE 


AND TECHNOLOGY 


DEPARTMENT OF BOTANY AND 
PLANT TECHNOLOGY 


LECTURESHIP IN TIMBER 
TECHNOLOGY 


A Lecturer is required from October 1, 1974, tn 
undertake teaching and research in association with 
the Timber Technology section of the Botanv 
Department, and to assist also im general depart- 
mental teaching preferably in the field of plant 
anatomy and morphology. The work of the section 
is concerned with the anatomy and fine structure. 
the processes of fungal decay, and the methods 
of preservation of timber. Postdoctoral or equiv- 
alent experience is desirable, and, given a knowledge 
of plant anatomy, could be in fungal physiology, 
enzymology, or plant biochemistry. 

Initial salary in the range £2,118 to £3.636 plus 
£162 London Allowance, according to experience. 


Further information can be obtained from Pro- 
fessor A. J. Rutter, Department of Botany, Imperial 
College of Science, Prince Consort Road, London. 
§.W.7, to whom applications, giving details of 
education and experience, and the names of two 
referees, should be made by June 14, (1919) 
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GUY’S HOSPITAL MEDICAL 
SCHOOL 


JUNIOR TECHNICIAN 
OR TECHNICIAN 


required for Gastroenterology Research Unit. 


For Junior Technician O.N.C. or Science A 
levels essential; for Technician H.N.C. Junior 
Technician salary scale rises to £1,395 plus 
£126 London Weighting; Yechnician scale 
£1,440 to £2,292 plus London Weighting. 
Apply in writing to the Secretary, Guy’s 
Hospital Medical School, London Bridge SE! 
ORT, quoting Ref. G.R. (1917) 


The Open University 


Research Assistant 
in Earth Sciences 


Applications are invited for a Research 
Assistantship in Earth Sciences tenable from 
September 1, 1974, or as soon as possible 
thereafter. The person appointed will work 
with Professor I. G. Gass on Petrochemistry 
and genesis of volcanic rocks. Applicants 
should possess a good honours degree in Earth 
Sciences and post-graduate qualifications/ 
experience in geochemistry. Commencing 
salary based on age, qualifications and ex- 
perience, will be within the scale: £1,323 to 
£2,058 per annum (under review). 


Details are obtainable from the Personnel 
Manager (REI), The Open University, P.O. 
Box 75, Walton Hall, Milton Keynes MK7 
6AL. (Telephone Milton Keynes 74066, exten- 
sion 3068), 


Closing date: Monday June 3, 1974. 
(1931) 





MASSEY UNIVERSITY 
Palmerston North, New Zealand 


LECTURER /SENIOR LECTURER 
IN FOOD PROCESSING/PROCESS 
DEVELOPMENT 


Applications are invited for the abovementioned 
position in the Department of Food Technology. 
Applicants should be suitably qualified in Food 
Technology, Chemical or Biochemica! Engineering 
and have subsequently gained experience in food 
processing or applied food research. It is essential 
that the applicant have a strong quantitative ap- 
proach to processing. 

The major commitment of the appointee will be 
in teaching Food Processing and Process Develop- 
ment to undergraduate and postgraduate students 
taking the Food Technology option of the Tech- 
nology Degree. He will be encouraged to develop 
Haison with one or more sectors of the food 
processing industry, and to develop an appropriate 
research area. 


Appointment will be on the Lecturer-Senior 
Lecturer scale according to qualifications and 
experience. 


Salary: Senior Lecturer NZ$8,718 to NZ$10.232 
(bar) NZ$11,139; Lecturer NZ$6,753 to NZ$8,568. 
NZ$1==62p (approx.). 

Further details of the position and of the Uni- 
versity together with general conditions of appoint- 
ment, may be obtained from the Association of 
Commonwealth Universities (Appts.), 36 Gordon 
Square, London WC1H OPF, or from the Registrar 
of the University. 

Applications close on June 28, 1974, (1953) 





UNIVERSITY OF ABERDEEN 
RESEARCH ASSISTANT IN 
BIOCHEMISTRY 


Applications are invited for above post to work 
with Dr, S. B, Wilson, on aspects of ion uptake 
by potato mitochondria. The post is tenable for 
uo to 3 years from October 1, 1974. Candidates 
should have an honours degree in biochemistry or 
a related subiect or be graduating this summer. 
Suitably qualified candidates may be permitted to 
register for a higher degree. Salary within scale 
£1.305 by £87 to £1,479. 

Further particulars from The Secretary, The 
University, Aberdeen, with whom applications (2 
copies) should be lodged by June 22, 1974. 

(1948) 





Ue ee eres SLR SM I f 
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Haematologist 


This vacancy is within our new 
Toxicology and Drug Safety Unit 
and involves responsibility for the 
section studying the effects of 
drugs on the Blood Picture during 
the assessment of drug safety. 


Applicants should possess a degree 
in Physiology or Biochemistry and 
have a sound knowledge of 
haematological techniques. An in- 
terest in. or experience of, im- 
munology would be advantageous 
butis not essential. 


The Medicinal Research Centre is 


John Atkinson, 

Site Personnel Officer, 
Beecham Research Laboratories, 
The Pinnacles. 

Harlow, Essex 


The Hatfield Polytechnic 


Principal Lecturer in Psychology 
and 
Senior Lecturer in Psychology 


Immediate application is invited for these two 
appointments to begin in September, 1974. 


Applicants must be specially well qualified 
either in experimental or physiological psy- 
chology. Both posts imply taking a significant 
role in teaching on an existing Honours BSc 
degree and on an MSc degree which is being 
planned. Staff are expected to develop their own 


research interests for which there are good 
facilities, 
Salary scale: Principal Lecturer, £3,831 to 


£4,269 bar £4,815 per annum; Senior Lecturer, 
£3,522 to £3,912 bar £4,209 per annum. 
Further details and application form may be 
obtained from The Staffing Officer. The Hatfield 
Polytechnic, PO Box 109, Hatfield, Herts AL10 
9AB, or ring Hatfield 68100, Ext 309. Completed 
applications should be returned by 31 May, 1974. 
Please quote reference 498. (1947) 








UNIVERSITY OF EDINBURGH 
FACULTY OF MEDICINE 


Department of Biochemistry 
University Demonstrator 


The University Court invites applications 
for the post of Demonstrator which is tenable 
from ist October, 1974. The appointment 
will be for one year in the first instance and 
subject to renewal annually up to a maximum 
of five years. 

The major duties of the Demonstrator wil) 
be to participate in teaching programmes for 
medical, dental or science students. The initia) 
salary will be at a suitable point on the scale 
£1659 - £2346 (under review). 

Further particulars may be obtained fro 
the Secretary to the University, University Of 
Edinburgh, Old College, South Bridge, Edi- 
burgh, EHe 9YL, with whom applications 
(5 copies) together with the names of two 
referees should be lodged not later than 10th 
June, 1974. Please quotg reference 1023. ` 


(1941) 
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located close to Harlow New Town 
and combines easy access to 
London with proximity to pleasant 
countryside. Development Corpor- 
ation housing may be available to 
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rent. 


A competitive starting salary will be 
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with a major British-based company. 
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(1899) 


DUNSTAFFNAGE MARINE 
RESEARCH LABORATORY 
Oban, Argyll 


PHYSICAL OCEANGRAPHER 


A Physical Oceanographer is required at the 
above laboratory to join a small group studying the 
circulation and mixing processes in the waters 
between the west coast of Scotland and Rockall 
Bank. The work will involve both hydrographic 
surveys from ships and measurements from moored 
buoys. Applicants should have at least a good 
honours degree; the appointment being: at a level 
commensurate with age and experience. Application 
forms may be obtained from the Secretary, Scottish 
Marine Biological Association, P.O. Box 3, Oban, 
Argyll. (1951) 


THE EDINBURGH SCHOOL 
OF AGRICULTURE 
RESEARCH ASSISTANT 


Applications are invited for a research assis- 
tantship tenable for 3-4 years to work on 
Plasmodiophora brassiere under the direction 
of Professor N. F. Robertson. 


Applicants should possess a good honours 
degree and post-graduate experience in plant 
pathology. 


Salary according to qualifications and ex- 
perience: Grade III £2233 - £3895, or Grade 
IVa £1616 - £2060. 


Further details and application form from 


the Secretary, The Edinburgh School of 
Agriculture, West Mains Road, Edinburgh, 
EHS 3G. (1942) 





UNIVERSITY OF LIVERPOOL 
Department of Biochemistry 


Applications are invited for the post of Research 

Assistant, financed by the Medical Research Cour- 
cil, to work on the role and regulation of bacterial 
ethanolamine kinase. The post is open to honours 
graduates in biochemistry. The appointment, which 
will be for three years, could be taken up as 
soon as possible. The post is available under the 
normal conditions for M.R.C. postgraduate awards. 
Applicants should indicate whether or not they 
would wish to work for a higher degree. 
e Applications, giving details of age, qualifications 
and experience and the names of two academic 
referees, should be received as soon as possible by 
the Registrar. The Univérsity, P.O. Box 147, Liver- 
pool, L69 3BX, from whom further particulars 
may be obtained. Quote ref RV/N/276022. 

B 

‘ (1937) 
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NATIONAL INSTITUTE FOR MEDICAL RESEARCH 
MILL HILL, LONDON 


JUNIOR TECHNICIAN/TECHNICIAN required to assist in 
research on the metabolism of plasma proteins in the Division of 
Biophysics, Candidates should have a minimum of 4 GCE ‘O’ 
levels including biology and chemistry and preference will be given 
to those with GCE ‘A’ levels which should include chemistry. 
Experience of immunological methods would be an advantage. 
Those with GCE qualifications will be appointed as Junior Tech- 
nicians on scale £834 (at 16) to £1,531 p.a. while HNC holders will 
be considered for appointment as Technicians £1,566 to £2,418 
p.a. Please apply quoting ref: JT/BP. 


JUNIOR TECHNICIANS /TECHNICIANS required to work in 
the Laboratory for Leprosy and Mycobacterial Research. Candi- 
dates with ‘O° levels, ‘A’ levels or ONC will be considered for 
appointment as Junior Technicians £834 (at 16) to £1,461 p.a., 
while HNC holders will be appointed to the Technician grade 
£1,566 to £2,418 p.a. Two posts are available: 


(a) To work using tissue culture techniques. Experience of sterile 
techniques would be a distinct advantage. (Quote ref: 
Lep/ A). 


(b) To work using bacteriological techniques particularly in- 
volving clinical trial material from overseas research units. 
Experience in bacteriology would be an advantage. (Quote 
ref: Lep/B). 


ELECTRON MICROSCOPY TECHNICIAN familiar with thin 
tissue sectioning is required to assist in the examination of cells 
and sub-cellular components during animal development. Experi- 
ence in electron microscopy would be an advantage. Initial salary, 
according to age, qualifications and experience, will be on scales 
£1,566 to £2,418 p.a. or £2,202 to £2,949 p.a. Please quote ref: 
EM / DB. 


Applicants for these positions should write to J. H. Woodcock, 
N.LM.R., The Ridgeway, Mill Hill, NW7 1AA. Tel: 01-959 3666 
with details of age, qualifications and experience. (1952) 


SCIENCE RESEARCH COUNCIL 


DIRECTOR 


ROYAL GREENWICH OBSERVATORY 


Herstmonceux Castle, Hailsham, Sussex 


The Science Research Council wish to appoint a successor to the present 
Director, Dr. A. Hunter, who is retiring on December 31, 1975. 


The Observatory has a staff of about 220 and a budget of approximately 
one million pounds a year. Its programme of work is in three main areas: 
astronomical research; astronomical instrumentation; and the provision of 
national and international services for astronomy and navigation, including 
the National Time Service. 


The Council intend that the -Observatory shall become increasingly in- 
volved in the provision of national ground-based astronomy facilities for 
use by astronomers in unftversities and polytechnics as well as in the Royal 
Observatories. It will be a major task of the new Director to complete 
the restructuring of the Observatory that will be necessary to effect this 
change of work. 

The post is pensionable either under the Council’s own non-contributory 
Superannuation Scheme or under the F.S.S.U. -Scheme. The Salary of 
£8,500 a year is under review. 

Applications should be sent to Professor $. F. Edwards, F.R.S., Chairman, 
Science Research Council, State House, Hfgh Holborn, London WC], to 
arrive before June 30, 1974. ° : 

Further information about the work and conditions of service may be 
obtained from the Chairman’s Office. ” (1955) 
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CHAIR OF PHYSIOLOGY AT 
QUEEN ELIZABETH COLLEGE 


The Senate invite applications for the above 
Chair which includes Headship of the Department 
of Physiology at the College. Initial salary to be 
agreed but not iess than £5973 a year plus £162 
London Allowance. Applications (10 copies) should 
be received not later than 20 June 1974 by the 
Academic Registrar, (MD University of London, 
Senate House, WCIE 7HU. from whom further 
particulars should first be obtained. (1945 

) 





THE INSTITUTE OF PHYSICS 
requires an 
EDITORIAL ASSISTANT 
to join its permanent staff in Bristol. 


The Publishing Division of the Institute has a 
staff of about 60, many of whem are professionally 
qualified. The main activity is the publication of 
a range of international physics journals, and there 
are plans for expansion in this and related areas. 

Applicants should be prepared to work steadily 
in a small editorial team. Working conditions are 
pleasant, in a modern office. 

Candidates should have an honours degree or 
equivalent in physics, mathematics or chemistry. 
Starting salary (under review) between £1440 p.a. 
(minimum for a recent graduate) and £1800 p.a. 
with regular increases to £2340 p.a. and promotion 
prospects to £2940 p.a. No previous editorial 
experience is required. Training will be given in 
the basic techniques of sub-cditing and proof read- 
ing, with the possibility of further training in wider 
aspects of publishing. 

Further information and application form from: 
Managing Editor, Institute of Physics, 

Techno House. Redcliffe Way, 

Bristol BSI 6NX. (1936) 





TEMPORARY RESEARCH OFFICER 
(for nine months) 


Psychophysiologist/Physiologist required as 
Yemporary Research Officer on an EEG and 
Language Project in the Department of Linguistic 
and Regional Studies, University of Surrey. 
Candidates should be psychology or physiology 
graduates with research experience and should 
have knowledge of signal averaging and fre- 
quency analysis. 

Salary: £166 per month. 

Applications should be sent to: Professor 
H. P. Walz, Department of Linguistic & Regional 
Studies, University of Surrey, Guildford, Surrey 
GU2 5XH. (1925) 





NATIONAL VEGETABLE RESEARCH 
STATION 


SCIENTIFIC OFFICER required by Chemistry 
Section to take charge of a programme of fertiliser 
experiments on commercial vegetable farms. A 
degree, HND, HNC, or equiv. in horticulture or 
agriculture is required, and some training in field 
experimentation desirable. Driving licence essential. 
Starting salary in scale £1,435 - £2,329 p.a. accord- 
ing to qualifications and experience. Superannuation 
with allowance to offset contributions. Full particu- 
lars and application form (to be returned by {3th 
June 1974) from the Secretary, NVRS, Welles- 
bourne, Warwick CV35 9EF. (1928) 





UNIVERSITY OF SYDNEY 


The Henry Bertie and Florence Mabel 
Gritton Post-Graduate Research 
Scholarship 


Applications are invited for the above-mentioned 
Scholarship from graduates of any university within 
the Commonwealth, or from graduates of any 
university who are British subjects. The Scholarship 
is tenable in the University of Sydney for up to 
three years. 

The scholar will be expected to undertake post- 
graduate research in Chemistry as it is related to 
Industry or Agriculture, 

Depending on the applicant’s qualifications, the 
Scholarship will be awarded in either the senior 
grade (in the range of $A7,270 to $A8,413 per 
annum) or the junior grade (stipend $A3,550 per 
annum), plus other allowances, where appropriate, 
including a travel allowance. 

Applications, which should include a certified 
copy of the applicant’s academic record and the 
names of two referees, close with the Registrar, 
University of Sydney, N.S.W. 2006, Australia on 
17 June 1974. 

Further information and application forms may 
be obtained from the Registrar’s (1929) 
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IMPERIAL COLLEGE OF SCIENCE AND 
TECHNOLOGY 
ROYAL SCHOOL OF MINES 


LECTURESHIP IN MINERAL 
PROCESSING CHEMISTRY 


Applications are invited for the post of Lec- 
turer in Mineral Processing Chemistry in the 
Department of Mining and Mineral ‘Technology. 
Applicants should have a good first degree, 
preferably in Chemistry (Physical), and several 
years of research or industrial experience in a 
field relevant to mineral processing, e.g. hydro- 
metallurgy. 


The successful candidate will be required to 
teach basic physical chemistry and its applications 
to mineral processing to undergraduate and 
postgraduate students, to take laboratory and 
tutorial classes, and to develop research work 
within the Department's area of activity. 


The appointment will date from Ist October, 
1974, or as soon as possible thereafter, 


Initial salary, depending on age, qualifications 
and experience, will be within the Lecturer 
scale £2,118-£4,896 plus £162 p.a. London Allow- 
ance. F.S.S.U. superannuation benefits apply. 


Further information and an application form 
can be obtained from Professor M. OG. Fleming, 
Department of Mining and Mineral Technology, 
Royal School of Mines, Imperial College of 
Science and Technology, London SW7 7932) 





The University College of Wales 
Aberystwyth 


DEPARTMENT OF BIOCHEMISTRY 


Applications invited for a postdoctora) appoint- 
ment as RESEARCH ASSOCIATE to work with 
a group studying the microbia] metabolism of 
alicyclic compounds. 

Experience of microbial biochemistry, the 
metabolism of cyclic structures or of mixed 
function oxygenase systems and enzyme purification 
an advantage. 

Two years from 1 October. Initial salary: £2,058 
per annum. 

Enquiries to Dr. P. W. Trudgill, Department 
of Biochemistry, U.C.W. Aberystwyth. (Tel. 
0970 3111 Ext. 100). Application forms available 
from the Registrar. (1926) 





THE QUEEN’S UNIVERSITY OF 
BELFAST 


Department of Pure and Applied 
Physics 


Research 
Associate 


Applications are invited for the 
post of Research Associate tenable 
from Ist October 1974. The success- 
ful applicant will be expected to 
carry out research within large well 
equipped research groups in one of 
the following fields: 


(a) Atomic and molecular collision 
physics. 


(b) Laser physics, non-linear optics 
and opto-electronics. 


(c) Thin film optics. 


Candidates should possess a Ph.D. 
degree and relevant research ex- 
perience. Salary wil be dependent on 
qualifications and expsrience within 
the range £2,118 to £2,412, normally 
plus F.S.S.U. 


The appointment will initially be 
for one year but is renewable an- 
nually thereafter. Applications giving 
full details of academic record and 
experience together with the names 
of two referees should be sent to 
the Personnel! Department, The 
Queen’s University of Belfast BT7 
INN, Northern Ireland, before May 


29th. 
(1923) 








FELLOWSHIPS AND STUDENTSHIPS 


MINISTRY OF AGRICULTURE, FISHERIES AND FOOD 


Research Fellowship 
Myopathy in Farm Animals 


Applications are invited for a Research Fellow to work on morphological 
aspects of muscle disorders in farm animals. The Fellow will be attached 
to the Department of Pathology of the Central Veterinary Laboratory, 
Weybridge, and will join a multidisciplinary group concerned mainly with 
developmental myopathies in pigs, cattle and sheep. 


QUALIFICATIONS. Candidates should have a basic degree in veterinary 
science or in biology with PhD (or equivalent) and considerable post 


graduate experience in either muscle biology or pathology. 


Appointment would be at the level of Junior or Senior Research Fellow, 
though appointment at Principal Research Fellow level might be considered 
in the case of an exceptionally well qualified candidate. 


REMUNERATION. The value of the Fellowship will be determined by the 
interview but will lie within the following ranges:- 


£3,713 - 4,898 
£2,794 ~- 3,480 
£1,914 - 2,498 


Principal Research Fellowship 
Senior Research Fellowship 
Junior Research Fellowship 


Application forms may be obtained from Mr. J. S. Barnes, Ministry of 
Agriculture, Fisheries and Food, Room 6/11, Victory House, 30-34 
Kingsway, London WC2B 6TU. Telephone 01-405 4310, Ext 308. 


Closing date for completed forms 14th June 1974. (eek) 





Post Doctoral . 
Research Fellow ` 


required in Department of Applied Biology and Food 
Science. (Head: Dr. P. Wix). 


to work in one of the following fields:— 
invertebrate toxicology or physiology 


Hel minthology 

Fresh water microbiology or ecology ee 
Physiology of fresh water plants mt 
Microbia] biochemistry tte 
Fermentation technology on ; ae 
Food volatiles S 


Food additives 
Food product development 


The successful applicant will be expected to initiate 
and develop research and may be required to arrange 
an annual programme of Seminars. 

Salary: £2,151—£2,421 
Apply by letter, stating full personal and career details, 
to the Clerk to the Council (Room 665), Polytechnic 
of the South Bank, Borough Road, London SE] OAA. 


3 
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AUSTRALIAN NATIONAL UNIVERSITY 
RESEARCH SCHOOL OF EARTH SCIENCES 


PROFESSOR/PROFESSORIAL FELLOWSHIP (2 Posts) 


The Research School of Earth Sciences, under the direction of Professor A. L. Hales, proposes to develop research 
in three areas, Economic Geology, Environmental Geochemistry and Geophysical Fluid Dynamics. It is proposed to 
make senior appointments in two of these three fields initially. 


Economic Geology: The successful appointee will be expected to lead a group or Department conducting basic research 
directed towards the scientific study of mineral deposits, including their petrology, geochemistry, geological environment 
and genesis. Fundamental investigations of the chemistry of ore-forming solutions and the entire range of physico- 
chemical processes occurring between the ultimate source and depositional locale are also envisaged. Experimental and 
laboratory investigations devoted to these topics will constitute an important aspect of the activities of the Department or 
group and applicants should have appropriate backgrounds in these areas. 


Environmental Geochemistry: The successful applicant will be expected to lead the researchers of a group or of a 
department working in broadly-based and fundamental aspects of the field of environmental geochemistry. It is intended 
that researches in this area will be directed towards the large-scale chemical interactions between the atmosphere, 
oceans, solid earth and biosphere. The geochemical cycling of elements between these reservoirs (including specialised 
interface studies) and the chemistry of these reservoirs (particularly the atmosphere and oceans) will also be investigated. 
The use of physicochemical tracer techniques to study the dynamical circulations of the oceans and atmosphere is also 
envisaged. Another field of concern to the research group or department will be palaeoclimatology. The approach to 
be adopted towards these problems will have a strong experimental bias with intensive application of sophisticated 
isotopic, radiometric and trace element analytical techniques. 


Geophysical Fluid Dynamics: The successful appointee will be expected to lead a group or Department conducting 
basic research in fluid dynamics as applied to geophysical processes. Studies of the large scale motions of the sea and/or 
atmosphere will be emphasised in the initial stages of the development, Although the group may not be involved 
initially in data collection it is envisaged that the analysis of data. both physical and chemical, relevant to the problems 
of the large scale motions of the sea and atmosphere and their interactions will form an important part of its 


activities. 


Salaries: Salary for a Professor is $A19,102 per annum and for a Professorial Fellow $A17,648 per annum. 
Other Conditions: Tenure—To retiring age (at present 65). 


Reasonable travel expenses are paid and assistance with housing is provided. Superannuation is on the F.S.S.U. pattern 


with supplementary benefits. 


The University reserves the right not to make an appointment or to make an appointment by invitation at any time. 
Candidates are urged to write to Professor A. L, Hales, Director, Research School of Earth Sciences, Australian 


National University, P.O. Box 4, Canberra, ACT 2600, Australia, for further information. 
G. E. Dicker, Acting Academic Registrar. 


UNIVERSITY OF ABERDEEN 
UNIT FOR RESEARCH ON 
ADDICTIVE DRUGS 


A S.R.C. Studentship (Co-operative Award in 
Science and Engineering, C.A.S.E.), will become 
available on October [, 1974. It is tenable for 3 
years in co-operation with the Pharmaceutical Divi- 
sion of Reckitt and Colman Ltd., Hull, and is open 
to First and Upper Second Class Honours Graduates 
in Pharmacology, Biochemistry or Physiology. The 
research project is concerned with the action of 
newly-synthesized morphine-like compounds on 
neurotransmitter release and on behavioural patterns 
in normal and morphine-dependent animals. 

Applications (3 copies} to be submitted to Pro- 
fessor H. Kosterlitz, from whom further particulars 
may be obtained, University of Aberdeen, Marischal 
College, Aberdeen AB9 IAS, not later than May 
31, 1974. (1844) 


UNIVERSITY OF WARWICK 
Postdoctoral Fellowship in 
Biological Sciences 


Applications are invited for the above post to 
work on the biochemistry of virus RNA replication. 
The post would be suitable for a biochemist with 
an interest in animal virology or a virologist with 
a good knowledge of biochemistry. Experience of 
working with nucleic acids or their polymerases 
would be an advantage. The appointment is for 
twelve months commencing October 1, 1974. Salary 
in the range £2,118 to £2,247 to £2,412 p.a. with 
F.S.8.U. Further details and application forms may 
be obtained from the Academic Registrar, University 
of Warwick, Coventry CV4 7AL, to whom com- 
pleted forms should be returned by May 27, 1974, 
quoting Ref. No. 40/Q/74. (1852) 





UNIVERSITY OF SOUTHAMPTON 
DEPARTMENTS OF BIOLOGY AND 
l CHEMISTRY 


Applications are invited for an S.R.C. Studentship, 
starting in October 1974, for work on predator-prey 
interactions of tropical ants and termites. In par- 
ticular, defensive secretions will be studied with a 
view to the development of integrated reas Ni 
methods. This will involve collaboration with the 
” Centre for Overseas Pest Research and fieldwork in 
Nigeria. 

Further particulars may be obtained from the 
Academic Registrar’s Fjepartment, The University, 
Southampton SO9 SNH, to whom applications 
should also be sent. (1812) 


CHELSEA COLLEGE 
University of London 


Applications are invited for the post of POST- 
DOCTORAL RESEARCH FELLOW as member of 
an S.R.C. supported team investigating THE 
INTERACTION OF THE HUMAN THERMO- 
REGULATORY AND CARDIOVASCULAR CON- 
TROL SYSTEMS in collaboration with the 
Engineering in Medicine Laboratory at Imperial 
College. 

The successful candidate will probably be a 
Physiologist with an interest in human experimenta- 
tion and data analysis, but applications from candi- 
dates with other backgrounds but a real interest 
in the project will be welcomed. 

The appointment will be for three years com- 
mencing as soon as possible. Salary: £1,746 to 
£1,920 to £2,091 per annum. Superannuable. Appli- 
cation forms from the Personnel Office, Chelsea 
College. Manresa Road, London SW3 soa 845) 

1 


RESEARCH STUDENTSHIP 


Applications are invited for a research student- 
ship to study the photodegradation and photo- 
stabilisation of acrylonitrile-butadienestyrene co- 
polymers. This will involve the study of a novel 
photo-stabilisation mechanism and will be carried 
out in collaboration with an industrial research 
laboratory. Candidates with an interest in organic 
and/or polymer chemistry will be preferred. The 
studentship will be at current S.R.C. rates and 
will be renewable annually up to a maximum of 
three years, 


Applications to: 


Professor G. Scott, 

Department of Chemistry, 
University of Aston in Birmingham, 
Gosta Green, 
Birmingham B4 7ET. (1821) 


e UNIVERSITY OF DURHAM 
m DEPARTMENT OF BIOLOGY 


Applications are invited for studentships tenable 
from October i, 1974, from chemists, biochemists 
or botanists, to work on the biochemistry of grain 
legume improvement, Successful candidates may 
register for a higher degree. 

Applications to Pr@fessor D. Boulter, Department 
of Botany, Scignce Laboratories, South Road, 
Dugham DHI 3LE. (1813) 


(1933) 


UNIVERSITY OF NOTTINGHAM 
MEDICAL SCHOOL 
DEPARTMENT OF PHYSIOLOGY 


Cardiovascular Research 


Applications are invited from honours graduates 
or prospective honours graduates in physiology, 
pharmacology or a related discipline, for a student- 
ship for training in research methods tenable from 
October 1974. The holder will be eligible for regis- 
tration as Ph.D. student of the University. The 
value of the award and conditions of appointment 
will be those of M.R.C. Studentships. 

Facilities are available for the postgraduate 
student to join a group working on several aspects 
of autonomic nervous control of the cardiovascular 
system in animals and in man, under the super- 
vision of Dr. P. H. Fentem. Applicants should write 
to Dr. Fentem giving a brief curriculum vitae and 
the names and addresses of two referees, at the 
Department of Physiology. The Medical School, 
University of Nottingham, Nottingham NG7 2RD. 

(1820) 





Dunstaffnage Marine 
Research Laboratory 


Applications are invited for a research 
studentship funded by the Natural Environ- 
ment Research Council to work on the break- 
down of organic materia] in near shore marine 
sediments, The studentship would be tenable 
for a period of three years and the applicant 
would be required to register for a Ph.D. 
under the regulations of the University of 
Dundec. The student would be part of a small 
multidisciplinary team working on the long 
term effects of particulate effluents on sea 
lochs in the West of Scotland. Application 
forms and further information can be obtained 
from the Director, Dunstaffnage Marine Re- 
search Laboratory, P.O. Box 3, Oban, Argyl! 
PA34 4AD. (1863) 
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POSTGRADUATE STUDENTSHIP 


Applications are invited from graduates with first 
or upper second class honours degree. A general 
knowledge of biochemistry is required, preferably 
with specialisation in mitochondrial or muscle bio- 
chemistry. 


The successful candidate will be expected to study 
the general biochemical properties of red and white, 
and fast and slow muscles. The project would 
involve assay of the myoglobin haemoglobin and 
mitochondrial contents of the muscle, together with 
a study of their myofibrillar ATP-ase, mitochondrial 
and Ca-pump activities. . 

The work is expected to form the basis of an 
M.Sc. or Ph.D. thesis. 


Further particulars of award, allowance, together 
with a form of application from: 


Secretary, Meat Research Institute, 


: Langford, 
Bristol BS18 7DY. 


(1831) 





UNIVERSITY OF LEICESTER 


Applications are invited for a C.A.S.E. Student- 
ship. The successful applicant will work with 
Professor M. C, R. Symons on a research project 
entitled *‘Quantitative Study of Autoxidation Re- 
actions with the aid of E.S.R. and Kinetic Tech- 
niques’. The research will be conducted in co- 
operation with Dr. N. Uri and the student will 
spend a proportion of his/her time at the Research 
Laboratories at Waltham Abbey during the 3-year 
Ph.D. training. 

Applications should be made to’ Professor 

_ C. Symons, Department of Chemistry, 
University of Leicester LEL 7RH, from whom 
further details may be obtained. (1815) 





THE UNIVERSITY OF MANCHESTER 


DEPARTMENT OF LIBFRAL STUDIES 
IN SCIENCE 


Applications invited for Research Studentships 
supported by the S.R.C. tenable from October 1. 
The Department is engaged in teaching and research 
on economic, social, political and historical aspects 
of science and technology. Research topics can be 
chosen from the role of science and technology in 
public policy, sociology of science and technology, 
economics and innovation, technology assessment, 
or related areas, Applicants should have, or expect 
shortly to obtain, a first or upper second class 
honours degree, preferably incorporating elements 
from both the natural and social sciences. Applicants 
with specialist science or social science degrees may 
be accepted subject to the completion of appropriate 
coursework. Applications, giving full details of 
qual’fications and experience and names, of two 
referees, and indicating a preference regarding 
research area, should be sent to Dr. 3 
Johnston, Department of Liberal Studies in Science, 
The University, Manchester M13 9PL by June 7. 

(1819) 





QUEEN MARY COLLEGE 
University of London 


KINETIC SPECTROSCOPY 


Two S.R.C. supported Postdoctoral Fellowships 
are available from September/October 1974 for 1 
or 2 years, for work with Dr. M. A. A. Clyne. 
One is for a new project on laser-induced fluor- 
escence of diatomic and triatomic free radicals in 
the gas phase. A background in spectroscopy of 
small molecules, vacuum techniques, gas kinetics of 
lasers an advantage. 


The other post is for studies of elementary re- 
actions of ground state atoms, including halogen 
atoms, using vacuum ultraviolet atomic resonance 
spectrometry linked to a discharge-flow system. A 
background in spectroscopy of atoms or smal 
molecules, Bas kinetics, vacuum techniques or 
fluorine inorganic chemistry of small molecules 
an advantage. 


Salary (under review) in range £1,929 to’ £2,223 
p.a. plus £162 London Allowance. Applications 
(giving age, qualifications, experience and names 
and addresses of two referees) as soon as possible 
to The Registrar, Queen Mary College, Mile End 
Road, London El 4NS. (1824) 





UNIVERSITY OF SOUTHAMPTON 
RESEARCH FELLOW IN 
GAMMA RAY ASTRONOMY 


Application is invited for the post of Research 
Fellow to work on the development of a telescope 
for Low Energy Gamma Ray Astronomy using 
high altitude balloons, Applicants should be familiar 
with particle counting techniques and associated 
electronic circuitry. The post is initially for two 
years. Candidates should possess a Ph.D. degree 
or equivalent qualification. Salary will be in the 
range £1,929 to £2,388 plus F.S.S.U. Applications 
including curriculum vitae and the names. and 
addresses of two referees should be sent to the 
Deputy Secretary’s Section, The University, 
Southampton S$O9 SNH, quoting reference number 
223/R/Na. (1834) 


University of Strathclyde 
Department of Metallurgy 


RESEARCH FELLOWSHIP: ELECTRONIC STRUCTURE 
OF ALLOYS 


Applications are invited for a Research Fellowship, tenable in the first instance for I year 


and renewable for a further year, 


from candidates 


with interests in MATERIALS 


PHYSICS. The salary will be within the range £1929 ~~ £2553, with placing according 
to qualifications and experience. F.S.S.U. benefits. 


The successful applicant will work with an established group, supported by the Science 


Research Council, in the field of 


ELECTRONIC STRUCTURE OF METALS AND 


ALLOYS studied by soft X-RAY SPECTROSCOPY and X-RAY PHOTOELECTRON 


SPECTROSCOPY. A PhD. in physics, metallurgy or chemistry, 


experience is desirable. 


and relevant research 


Applications (quoting R 14/74) should be addressed to Dr. L. M. Watson, Department 


of Metallurgy, Colville Building, 48 Portland Street, Glasgow, Gi IXM. 





{1902} 


HERIOT-WATT UNIVERSITY - EDINBURGH 
Postgraduate Research Studentships in Department of Physics 


Prof, S. D. Smith 


Tel. 031-449 5111 


Applications are invited for SRC, NERC and University Research 
Studentships tenable for 3 years from September 1974. The principal 


research interests of the Department are in solid state and laser physics, 
non-linear optics, tunable laser spectroscopy and satellite meteorology. 
Active and substantial projects are current on applications of the spin-flip 
Raman laser, opto-acoustic spectroscopy with tunable dye lasers and the 
remote measurement of atmospheric temperature and pressure from 


satellites. 





MEDICAL RESEARCH COUNCIL 
OF NEW ZEALAND 


University of Otago Dental School 
SENIOR RESEARCH FELLOWSHIP 


Applications are invited from suitably qualified 
graduates for the above-mentioned position. Proven 
experience in research and the ability to initiate 
and direct projects is essential, although applicants 
need not necessarily be dentally qualified. The 
principal task of the appointee will be to carry 
out research in connective tissue biology. It is hoped 
that the appointee will also be prepared to act in 
a consultant capacity to other research workers. 


There are, at the appointee’s disposal, facilities 
for histology, histochemistry and some biochemical 
analytical procedures. The acquisition of a new 
transmission electron microscope is currently being 
negotiated, It is expected that the appointee will 
apply eventually to the Council for other equipment 
and technical assistance necessary for his own 
research. Travel grants will also be made to allow 
attendance at approved scientific conferences. 


The initial salary will depend on the qualifica- 
tions and experience of the appointee but will be 
comparable with what he would be offered in the 
university at the level of senior lecturer but in the 
case of an exceptionally well qualified applicant 
the Council will consider appointment at a level 
equivalent to that of Associate Professor. The 
Council will also pay the employer’s contribution 
to superannuation and in the case of an appoint- 
ment from overseas, financial assistance will be 
given for travel at rates and under conditions 
determined by the Council. 


Further information and form of application may 
be obtained from J. Borrows, Technical Secre- 
tary, at P.O. Box 6063. Dunedin. New 7ealand, 
with whom applications close on July 31, en 


RESEARCH STUDENTSHIPS IN 
PHARMACOLOGY 


Applications are invited from graduates in phar- 
macology, biochemistry or physiology for Resedtch 
Scholarships, to work on projects in nevwro- 
pharmacology asd immunopharmacology. Successful 
ape ies will be expected to register for a higher 

egree. 


Applicants should send their c.v, and names 
and addresses of two referees to Professor J. L. 
Mongar, Department of Pharmacology, UNI- 
VERSITY COLLEGE LONDOW, Gower Street, 
London WCIE 6BT. (191g) 


(1851) 


IMPERIAL COLLEGE LONDON 
DEPARTMENT OF ZOOLOGY AND 
APPLIED ENTOMOLOGY 


RESEARCH STUDENTSHIP IN 
PARASITOLOGY 


Applications are invited for an S.R.C. Research 
Studentship (under the co-operative award science 
and engineering scheme) to study the biology of 
the sheep tapeworm MONIEZIA EXPANSA. 

The project will involve a close collaboration 
between the Department of Zoology and the Phar- 
maceutical Division of Imperial Chemical Industries. 
The award holder will be expected to carry out 
part of the work each year at the I.C.I. Labora- 
tories. 

Candidates should have a Ist or upper 2nd class 
Honours Degree or an M.Sc. in a biological science. 

The studentship will be at the current S.R.C. 
rate (£695 p.a.). 

Applications, giving the names of 2 referees, 
should be sent to Professor J. D. Smyth, Depart- 
ment of Zoology, Imperial College, London SW7 
2BE (Phone 01-589 S111, Ext. 2264). 

Closing date: May 25, 1974. (1838) 





UNIVERSITY OF EXETER 
DEPARTMENT OF PHYSICS 


RESEARCH STUDENTSHIP 


The Science Reesarch Council has allocated a 
C.A.S.E. (Cooperative Award in Science and En- 
gineering) studentship for three years (starting 
October 1974) to suitably qualified graduates in- 
terested in carrying out at the University of Exeter 
a “Study of frequency and time dispersion of 
high frequency radio waves”. 

The cooperating body is the Royal Aircraft 
Establishment, Farnborough. The value of the award 
is not less than £695 or £540 (for students living 
in the parental home). 

Applicants should possess, or expect to obtain 
in the Summer of 1974, a first or upper second 
class honours degree. 

Further details and application forms can be 
obtained from: 

Professor G. K. T. Conn, 

Department of Physics, 

University of Exeter, 

Stocker Road, 

Exeter EX4 4QL. 
¢ Applications should be sent in as soon as pos- 
stb® and in any case not later than June va 


XXVI 


UNIVERSITY OF RHODESIA 
FACULTY OF SCIENCE 


SENIOR LECTURESHIP OR 
LECTURESHIP IN MATHEMATICS 


Applications are invited for a Senior Lectureship 
or Lectureship in the Department of Mathematics. 


Salary Scales and Conditions (approximate con- 
versions from Rhodesian $): Senior Lecturer £5,346 
by £214 to £7,058; Lecturer Grade I £4,857 by £180 
to £5,577; Lecturer Grade II £2,994 by £154 to 
£3,456, by £171 to £3,798 by £180 to £4,518 by 
£170 to £4,688. 

Family passages and allowance for transport of 
effects on appointment. Installation loan of up to 
half of one year’s salary if required. Unfurnished 
University accommodation guaranteed for a period 
of at least three years for persons recruited from 
outside Rhodesia. Sabbatical and triennial visits 
with travel alllowance. Superannuation and medical 
aid schemes. 

Applications: (6 copies) giving full personal par- 
ticulars (including full names, place and date of 
birth, etc.), qualifications, experience and publica- 
tions and naming three referees, should be sub- 
mitted by June 15, 1974 to the Assistant Registrar 
(Science), University of Rhodesia, P.O. Box MP 167, 
Mount Pleasant, Salisbury, Rhodesia, from whom 
further particulars may be obtained. An additional 
copy should be sent to the Association of Com- 
monwealth Universities (Appts.), 36 Gordon Square, 
London WCIH OPF, from whom further particulars 
may also be obtained. (1954) 





ROYAL HOLLOWAY COLLEGE 


(University of London) 
Egham Hill, Egham, Surrey 


A TUTORIAL RESEARCH 
STUDENTSHIP 


is offered in DEPARTMENT OF ZOOLOGY 
(Comparative Physiology) from October 1, 1974 
at an award of £800 a year. Further details may 
be obtained from the Personnel Officer to whom 
applications should be sent as soon as Rene 





UNIVERSITY OF SUSSEX 


RESEARCH FELLOWSHIP 
IN BIOCHEMISTRY 


Applications are invited for a post-doctoral 
fellowship in the Biochemistry group, tenable 
for 2 years from August 1, 1974. The success- 
ful candidate will join a group studying the 
control of protein synthesis in mammalian cells, 
and prior experience in a related area would 
be an advantage. 

Salary will be on the Research Fellow scale, 
with initial placement in the range £2,118 to 

Applications including a curriculum vitae 
and the names of two referees should be sent 
to Dr. J. E. Kay, School of Biological Sciences, 
University of Sussex, Brighton BN1 9QG. 

(1901) 





LASER-INDUCED TRANSITIONS 


Applications are invited for a Postdoctoral Re- 
search Fellowship tenable in the Davy Faraday 
Research Laboratory of the Royal Institution 
(Director: Professor Sir George Porter, F.R.S.}. The 
successful candidate will investigate transient 
chemical and physical phenomena occurring in the 
nanosecond and picosecond time regions. Applicants 
should be experienced in the use of pulsed lasers 
and general electro-optic techniques. The appoint- 
ment is tenable for one year, and subject to satis- 
factory performance, renewable up to three years. 
The salary scale is £2,400 to £3,000 p.a. 

A curriculum vitae and the names of two referees 
should be sent to Dr. M. A. West, The Royal 
Institution, 21 Albemarle Street, London WIX 4BS, 
U.K., by June 28, 1974. (1898) 





UNIVERSITY OF READING 


DEPARTMENT OF PHYSIOLOGY AND 
BIOCHEMISTRY 


_ The Ministry of Agriculture, Fisheries and Food 
is prepared this year to offer to a suitable candidate 
a Studentship tenable in the Department of 
Physiology and Biochemistry in the University of 
Reading. The value of the MAFF award in 1974 
will normally be £695 per annum. This studentship 
is for a place on the taught course for an M.Sc. 
in Physiology and Biochemistry of Farm Animals 
to start in October 1974 and lasting nine months. 
Applicant should hold at least a Lower Second 
Class degree in a suitable subject or hope to qualify 
this summer. Further particulars may be obtained 
from: Professor C. Tyler, Department of Physiology 
pe Biochemistry, The University, Whiteknight?, 
eading RGG 2AJ. Ref. M.N.18. (1892) 


UNIVERSITY OF DUNDEE 


DEPARTMENT OF PHARMACOLOGY 
AND THERAPEUTICS 


RESEARCH STUDENTSHIP 


Applications are invited for an M.R.C. 
Research Studentship for training in research 
methods available from ‘October 1, 1974, for 
up to three years. The training programme 
available is entitled “Methods of Studying 


Plasma and Tissue Binding of Drugs’’ and 
the work will be carried out in the Depart- 
ment of Pharmacology and Therapeutics in 


the new Ninewells Hospital and Medical 


School complex. 


The successful applicant may register for a 
Ph.D. degree and will receive a stipend in 
accordance with the rates for M.R.C. scholars. 


Candidates should have, or expect to obtain 
this year, a first or upper second class honours 
degree or equivalent in pharmacy, pharma- 
cology, biochemistry or related subject. 
Applicants should write to Professor J. 
Crooks, Department of Pharmacology and 
Therapeutics, University of Dundee DDI 4HN, 
giving their qualifications and the names of 
two referees. Applications should be submitted 
by May 31. À (1866 


UNIVERSITY OF NEW SOUTH WALES 
SCHOOL OF BOTANY 
Teaching Fellow 


Good honours degree in botany or agriculture 
required. Initial appointment is for one year with 
prospects of annual renewal for a further two 
years; appointee will undertake research for a 
higher degree and will have some teaching duties. 


Salary: between $A5,740 and $A7,015 per annum. 
Commencing salary according to qualifications and 
experience 


Details of appointment, including superannua- 
tion, study leave and housing scheme, may 
obtained from the Association of Commonwealth 
Universities (Appts), 36 Gordon Square, London 
WCIH OPF. 


Applications close in Australia and London on 
7 June 1974. (1943) 





PORTSMOUTH POLYTECHNIC 
Department of Biological Sciences 
S.R.C. Case Research Studentship 


The S.R.C. has awarded a CASE research student- 
ship for a neurophysiological and toxicological 
study of the mode of action of pyrethroid insecti- 
cides in locusts. The work will be done in collab- 
oration with Rothamsted Experimental Station, and 
the student will be expected to spend a significant 
period of time in the Insecticides and Fungicides 
Department at Rothamsted. 


Applicants should have, or expect to obtain, a 
First or Upper Second class degree én a biological 
science, or its equivalent. The student will be 
expected to register for a Ph.D. 


Application forms and further particulars may 
be obtained from the Staff Officer, Portsmouth 
Polytechnic, Alexandra House, Museum Road, 
Portsmouth, PO1 2QQ, to whom completed appli- 
cations should be returned by 3rd June 1974. 
Please quote ref. B.10. (1946) 





THE QUEEN’S UNIVERSITY 
OF BELFAST 
DEPARTMENT OF BIOCHEMISTRY 
POSTDOCTORAL RESEARCH 
FELLOW 


Applications are invited for the above post. 
which involves the investigation of biochemical 
aspects of animal viruses. Applicants should 
have experience in some aspects of protein 
chemistry, enzymology, immunology or virol- 
ogy. The position will be financed by the 

gricultural Research Council at a salary 
rom £1,929 by £131 per annum plus F.S.U. 
@ccording to age and qualifications. 

Applications, including the n&mes of two 
persons to whom reference may be made, 
should be sent to Dr. S. J. Martin, Depart- 
ment of Biochemistgy, Medical Biology Centre, 
Queen’s University of Belfast, 97 Lisburn 
Road, Belfast BT% 7BL, Northern Ireland. 

n (1875) 
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UNIVERSITY OF WARWICK 
RESEARCH FELLOWSHIP 
IN THEORETICAL PHYSICS 


Applications are invited for a Postdoctoral Re- 
search Fellowship in the Department of Physics. 
The field of study will be low mobility, narrow 
band materials containing transition metals. Of 
interest are metal-insulator and metal 
superconductor phase transitions associated with 
lattice instabilities in such materials. The fellow- 
ship is tenable for a period of up to two years 
in the salary range £2,118, £2,247, £2,412 p.a. 
(exceptionally £2,580 p.a.), ‘wth FSSU. Letters of 
application (no forms) giving details of previous 
experience should be sent to the Academic Re- 
gistrar, University of Warwick, Coventry CV4 7AL. 
quoting Ref. No: 41/2Q/74. Closing date for receipt 
of applications is 3ist May, 1974. (1938) 


particular 





THE UNIVERSITY OF SHEFFIELD 


RESEARCH STUDENTSHIPS IN 
SOLID STATE PHYSICS 


Applications are invited for two C.A.S.E. Re- 
search Studentships, tenable from October 1, 1974, 
leading to the degree of Ph.D., on the following: 
(1) Radiation damage effects on the electrical and 
optical properties of transparent semi-conductors, 
in collaboration with the British Aircraft Corpora- 
tion. (D High field and photo-effects in semi- 
conducting glasses, in collaboration with S.T.L., 
Harlow. The awards will be at the apppropriate 
tate for S.R.C. studentships. Candidates should 
have or expect to gain a first or upper second 
class honours degree in physics or a related subject. 
Applications giving full curriculum vitae and names 
of two referees should be sent as soon as possible 
to either Dr. I. G. Austin or Dr. T. M. Searle, 
Department of Physics, The University, Sheffield 
S3 7RH. (1950) 





THE UNIVERSITY OF SHEFFIELD 
DEPARTMENT OF CHEMISTRY 


Applications are invited for the following: 


1. POSTDOCTORAL RESEARCH FELLOW. 
SHIP for studies on chemical carcinogenesis. The 
appointee will join’ a team working of chemical 
and biochemical aspects of polycyclic aromatic 
hydrocarbon binding to DNA, ranging from syn- 
thetic and structural organic chemistry to tissue 
culture. Candidates should hold (or expect to gain) 
a Ph.D. in organic or biological chemistry and 
experience in nucleic acid chemistry is desirable 
but not essential. The appointment is from October 
1, 1974 or a date to be arranged until September 
30, 1975 at a salary not Jess than £1,923 per 
annum plus F.S.S.U. 


2, AN S.R.C. (C.A.S.E.) STUDENTSHIP for a 
project involving the synthesis of a novel group 
of heterocyclic compounds. These are designed to 
possess controlled chemical reactivity and potential 
herbicidal character. The work will be carried out 
in conjunction with I.C.1. Plant Protection Limited 
and part of the programme will be performed at 
their Jealott’s Hill Research Station. Applicants 
should have (or expect to obtain this summer) a 
good Honours degree or G.R.I.C. in chemistry and 
the successful candidate will be expected to registey 
for a Ph.D. 


Applications for either of the above, including a 
curriculum vitae and names and addresses of two 
referees to: Dr. G. M. Blackburn, Department of 
Chemistry, The University, Sheffileld S3 7HF (from 
whom further information is available in respect 
of the Studentship). (1949) 





LECTURES AND COURSES 


UNIVERSITY OF OTAGO 
Dunedin, New Zealand 


LECTURER OR SENIOR LECTURER 
IN MINERAL TECHNOLOGY 


Applications are invited for a position within 
the grade of Lecturer/Senior Lecturer in the Depart- 
ment of Mineral Technology. Applicants should 
have recognised qualifications in the field of mineral 
processing and experience in the application of 
mathematical methods to problems in the mineral 
industry. A knowledge of physical and applied 
chemistry would be an advantage. 


Salary Scales: Lecturer: $NZ6,.753 to $NZ8,568 
per annum; Senior Lecturer: $NZ8,718 to $NZ11,139 
per annum with a bar at $NZ10,232 per annum. 


Academic salary scales are subject to both 
triennial review and regular cost-of-living adjust- 
ments. 


Further particulars are available from the 
Secretary-General, Association of Commonwealth 
Universities (Appts), 36 Gordon Square. London 
WCIH OPF or from the Registrar of the University. 


Applications close in New Zealand and London 
on August 15, 1974, (1829) 


vr 
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FEBS Advanced Course No. 32 
Ion Transport and 
Mitochondrial Function 
Budapest 31 August—1 Sept. 1974 


This Advanced Course will take the form 
of a colloquium in which a panel of experts 
will lead discussions on (1) Transport of 
Substrate Anions: Mechanisms and Physio- 
logical Implications; (2) Relutionship between 
Proton Transport and Mitochondrial Function; 
and (3) Transport of Cutions: Mechanisms and 
Physiological Implications. 


Participants may be able to present 10- 
minute communications on relevant results. 
Fee: Swiss Fr. 30.00. 


Enquiries as soon as possible to Dr. A. 
Fonyo, H-1082 Budapest, Ülloi ut 78/a, 
Hungary. 


(1842) 





University of Bradford 


POSTGRADUATE SCHOOL OF 
STUDIES IN PHARMACOLOGY 


MSc COURSE IN 


EXPERIMENTAL 
PHARMACOLOGY 
Applications are invited from graduates in 
pharmacology. pharmacy or other appropriate sub- 
jects, for admission to the course Starting in 


October, 1974. The course is of one year in duration 
and consists of four parts concerned with quanti- 
tative pharmacology, toxicology, psychopharmacology 
and a research project. The aim is to provide 
instruction and experience of research methodology 
as appropriate to the investigation of mechanisms 
of action of drugs. 


Further information and application forms 
See Ha nae Sada of the School co 
ies in armacology, Universit 
Yorkshire BD7 IDP S iga ai 


JAMES COOK UNIVERSITY 
OF NORTH QUEENSLAND 


Applications are invited for the following ap- 
pointments: 

LECTURER IN GEOGRAPHY: Applicants 
should have a good honours degree in Geography 
or related field and, preferably, should also have 
a higher degree or be well on the way to the 
completion of the relevant research. An ability to 
teach and research in the physical or human aspects 
of resource management and evaluation is required. 

LECTURER IN ZOOLOGY: Applicants should 
have an initia] degree in Zoology or Biology, a 
Ph.D. and some experience in university teaching 
and research. The successful applicant will be re- 
quired to continue teaching the existing courses in 
Entomology and to contribute to the general teach- 
ing programme in Zoology. 

Salary range: $A8.698 - $A11,982 per annum, plus 
locality allowance of $A142 p.a. for a married male 
or $A71 p.a. for a single appointee. Conditions of 
appointment include F.S.8.U. superannuation, 
invalid pension scheme, housing assistance, study 
leave and allowance for travel and removal cx- 
penses on appointment, 

Closing dates: Lectureship in Geography 14 June; 
other vost 7 June 1974, 

Further details and application forms obtainable 
from the Association of Commonwealth Universities 
{Appts}. 36 Gordon Square, London EE eos 


UNIVERSITY OF SURREY 
LECTURER IN HUMAN BIOLOGY 
DEPARTMENT OF BIOLOGICAL SCIENCES 


Applications are invited for the post of Lecturer 
in Human Biology, tenable from September 1, 
1974, The salary will be on the Lecturer scale 
£2.118 to £4,896 (1.10.74), and the post is super- 
annuable under F.S.8.U, 

Further particulars may be obtained from the 
Academic Registrar (LFG), University of Surrey, 
Guildford GU2 SXH. Telephone: Guildford 71281, 
extension 452. Applications, in the form of a 
curriculum vitae, including the names and addresses 
of two referees and present salary, should be sent 
to the same address by Friday, June 14, af j 

1833) 


UNIVERSITY OF DURHAM 
DEPARTMENT OF PSYCHOLOGY 


Applications are invited for the post of LEC- 
TURER IN PSYCHOLOGY from October 1, 1974, 
or such later date as may be arranged. 

Salary on the scale £1,929 to £4,548 per annum 
(under review), plus F.S.S.U. benefits. 

Applications (three copies) naming three referees 
should be sent by May 31, 1974 to the Registrar 
and Secretary, Science Laboratories, South Road, 
Durham DHI 3LE, from whom further particulars 
may be obtained. (1856) 





THE UNIVERSITY OF SHEFFIELD 
DEPARTMENT OF GEOGRAPHY 


Applications are invited for the following posts 
in the above Department, both tenable from 
October 1, 1974: 


i. LECTURER, in the field of PHYSICAL GEO- 
GRAPHY; preference will be given to persons 
with an interest and research experience in 
soils and/or hydrology. Initial salary im the 
range £1,929 to £2,388 on the scale £1,929 to 
£4,548, with F.S.S.U. provision. 


2. JUNIOR RESEARCH FELLOW: candidates 
should be geographers. Salary £1,473 a year. 


Further particulars from the Registrar and 
Secretary, The University, Sheffield S10 2TN, to 
whom applications (5 copies) should be sent bs 
May 25, 1974 Quote Ref. R.69/G. (1849) 


LA TROBE UNIVERSITY 
VICTORIA, AUSTRALIA 


LECTURER/SENIOR LECTURER 
IN PURE MATHEMATICS 


Applicants are invited for the above-mentioned 
position. The successful applicant will be expected 
to carry out normal teaching duties while continuing 
with mathematical research. 


Salary: Senior Lecturer $412,268 to 5 by SA408 
to $A14,308; Lecturer $48,698 to 1 by $4470 to 6 
by $A469 to $11,982. 


Further information and application forms are 
uvailable from the Association of Commonwealth 
Universities (Appts), 36 Gordon Square. London 
WC1H OPF. or from the Registrar. La Trobe 
University, Bundoora, Victoria, Australia 3083. 

Aplications clase on June 30, 1974. (1827) 





FOR SALE AND WANTED 


Always wanted: 


BACK RUNS OF JOURNALS 
IN SCIENCE AND THE HUMANITIES 


WM. DAWSON & SONS LTD. 
Back Issues Department, 
Cannon House, Park Farm Road, 
Folkestone, Kent, England. 
Tel.: Folkestone 57421. 


(1) 


ORDER FORM NATURE 


To: CLASSIFIED ADVERTISEMENT DEPT., NATURE, 
T. G. SCOTT & SON LTD, 1 CLEMENT'S INN, 


LONDON WC2A 2ED. 


Please include the following advertisement in normal/display style setting (....* inches) for...... 


under the heading 


esses Beets **¢ ¢ © © te wwe 


* # et > ee wePevrereeeaeneeneees 


= If display style is wanted, 
1 in, 2 in., 3 in., ete. 


please state required depth of advertisement. 


*insertions 


> s E @ © we &# © © # * & + © HR RP wp Be © & & F Fe ce Ke HE ws 


Write or stick your advertisement in this box. 








PLEASE STATE CLEARLY WHETHER NAM& AND ADDRESS OR A BOX NO. ARE TO APPEAR. 


eee lines/inches at......rate (plus Box No. at 25p if required) making total cost of £........ 
NAME o.o. MA EET OOO OE a 
ADDRESS ......... TEETE EE EEPE TA EPA ETE EEE 


a B 
£ 


ror 
$ 
x 
i 
i 
"p 
E wr 
- à 





ogical differentiation 
-a new journa 








S 
w’ 
p% 


LES, : 
=. 


Biological research has for too long suffered from Pe es 
restricted experimental attitudes and ‘vertical’ thinking. tin ai 

Now Differentiation, an important new oe 
publication, provides the opportunity for 
interdisciplinary communication and increasing 
fertilization of ideas across the artificial boundaries 
created by overspecialization. This journal, published 
bi-monthly, offers up to date information and synthetic 
views of a problem underlining the whole biological 
phenomenon — differentiation. 

The first five issues contained papers on: 
Degree of differentiation in nonproliferating cells of 
mammary carcinoma. C. V. Wylie, P. K. Nakane and 
G. B. Pierce. 
Polyribosome profiles and polyribosome-associated RNA of 
Friend leukaemia cells following DMSO-induced ye 
differentiation. H. D. Preisler, W. Scher and Charlotte Friend. ` 
Studies on cytology and differentiation in Sciaridae. 5. Electron microscopic studies on 
the salivary glands of Bradysia elegans Morgante (Diptera, Sciaridae). A. B. Da Cunha, 
R. W. Reiss, C. Pavan, J. J. Biesele, J. S. Morgante and M. C. Garrido. 
The principle of sequential dependence in cellular differentiation. P. A. Riley. 
‘Time lapse filming of cellular interactions in organ culture. 2. The behaviour of 
malignant cells, E. J. Ambrose and Dorothy M. Easty. 
Intercellular levels of cyclic nucleotides during cell enlargement and cell division in 
excised tobacco pith tissues. C. V. Lundeen, H. N. Wood and A. C. Braun. 
Pattern formation in Dictyostelium discoideum: temporal and spatial distribution of ` 
prespore vacuoles. Ursula Muller and R. Hohl. 
The enrichment of egg-type RNA in cleavage stage embryos of the sand dollar 
Dendraster excentricus. Shigeki Mizuno, H. R. Whiteley and A. H. Whiteley: 
DNA synthesis and the production ofantibodies by lymphoid tissues. G. Harris. 
Neurite extension by mouse neuroblast: evidence for two modes of induction. 
P. Furmanski. | 

The journal aims to cover the following areas of study: embryonic 
Differentiation, normal cell growth and division, carcinogenesis and the cancer 
problem as an aspect of cell differentiation, inter-tissue reactions in vivo and in vitro, 
genetic mosaicism, nucleo-cytoplasmic interactions, nuclear transplants, cell 
hybridization, evolutionary biology, membrane controls of the cell, plant evolution 
and differentiation, immunological events relevant to differentiation. 

Contributions for publication are invited by The Editor. 

Editor: Dimitri Viza. Faculté de Médecine Pitié-Salpétriére, | 
Laboratoire d'Immunobtologie, 105 Boulevard de l Hôpital, 75634 Paris Cédex 13, France. 

Editorial Board: E. J. Ambrose, R. Auerbach, J. Brachet, A. Braun, D. A. L. 
Davies, B. Ephrussi, H. Holtzer, F. Jacob, N. J. Jerne, C. Kafiani, G. Klein, Rita a 
Levi-Montalcini, A. Lwoff, R. G. McKinnell, C. L. Markert, Beatrice Mintz, C. | l 
Pavan, B. Pierce, S. Spiegelman, G. Tocchini-Valentini, S. Toivonen, D. Yaffe, 
T. Yamada. 

Cited in Current Contents. 
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To: The Subscription Department, Macmillan Journals Limited, Brunel Road, Basingstoke, 
Hampshire RG21 2X5, 

Please enter a subscription for one year to DIFFERENTIATION starting with 

the issue dated TY 

I enclose £20 (£22 USA & Canada). (Payment may be made in any currency at the 
current exchange rate. Prices applicable only to subscriptions starting before 31st 
December 1974.) Orders must be accompanied by remittance, cheques made payabie to 
Macmillan Journals Ltd. 


NAME 
* 


e ADDRESS : 
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, Registered Office: 4 Little Essex St. London WC2R 3LF Registered No. 785998 England 
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Record Platelet Aggregation 


under controlled conditions 
of, 


* 


$ 


NEW DUAL CHANNEL AGGREGATION MODULE 

~~ a unique instrument designed to study platelet aggre- 
gation of blood plasma. This new dual channel unit allows 
the researcher to run both a control and an unknown at 
the same time under identical conditions. Compatible with 
most recorders. 

Features — advanced optics, solid-state circuitry — stable, 


drift-free operation — precise temperature control — ac- 
curately controlled and monitored stirring speed — dis- 
posable curvettes and stir bars —- and more. Write for 
brochure and list of references. 


PAYTON ASSOCIATES INC. 


220 Delaware Ave., Buffalo, New York 14202, U.S.A. 
Phone (716) 852-6213 


PAYTON ASSOCIATES LTD. 
85-6 Nantucket Blvd., Scarborough, Önt., Canada Phone (416) 759-4669 








Beneath that attractive 
exterior there’s a 
heart of cold. 


g—-— `73°C cold, in a 29° ambient. 
Guaranteed. 13 cubic feet 

protected by five-inch foamed-in- 
‘ place polyurethane insulation, 

a triple-sealing gasket, and 
heavy-duty latches. Not a 
made-over appliance, but a 
durable, all-steel cold cabinet. 


a re. oon 


each with its own transparent 
door, minimize cabinet exposure 
to outside air. Easily accessible 
for technicians of all heights. 
Wheels from station to station; 
operates quietly on 115V 
current. So well insulated you 
won't need door heaters or 
gasket heaters. Warms up ever 

so slowly if your power fails. 





Check Forma’s 8200 freezer soon. 
Or the 8225, which can operate as low as -87°C. 


p They're even better than they look. 
220V, 50 cycle models available. 





Forma Scientific® 


BOX 649° MARIETTA, OHIO 45750 - 614/373-4763 = TELEX 24-5994 








Four separate inner compartments, 
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YPBA SCIENTIFIC 


INSTRUMENTS 


Rehovot, Israel 


A COMPLETE LINE OF INSTRUMENTATION FOR ANALYTICAL 
AND PREPARATIVE ELECTROPHORESIS AND RAPID FILTRATION 
OF MACROMOLECULES. 
A set of instruments 


for one and two dimensional 
polyacrylamide electrophoresis. 
- N 













A COMPLETE SET OF COMPACT 
INSTRUMENTS FOR 
POLYACRYLAMIDE DISC GEL 
ELECTROPHORESIS 1 






Flat plate electrophoresis 
with channels 


Gel Slicer Macrotome GTS 





92.012 —- 


Preparative ge! electrophoresis | 
. Isolates up to 100 mg. of 
proteins and nucleic acids 


Je 











; Electrophoretic 
Fiat plate electrophoresis Extractor 
without channels 92.009 
92.007 





Separat:on 
Chamber 


Stabilized Power 92 009 


Supply 
92.003 
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E ac al 
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An instrument for rapid 
N n ee of a large 


`| number of radioactive 
all samples. 


C Multiple Mémbrane Filter 92.051 





CANNULAS 


Infusion Cannula: 92.103A Injection Cannula. 92.1038 


DEVICES FOR BREAKING BIOLOGICAL MATERIAL 


TISSUE CHOPPER 
For maceration of 
soft, highly hyd:ated 
multicellular material 


YEDA PRESS 


compressed gas from 

a standard pressure tank is applied, 
and the cells are broken due to = 92.011 
sudden decompression. 


92.050 a 





Orders and requests for further information should be directed to: } 
WEDA Research and Development Co. Ltd. 
Yeda Scientific Instruments, Kiryat Weizmann | 


e PA, BOX 95° REHOVOĻ — ISRAEL 
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Nature May 17 1974 


A new journal starting Spring 1974 





Journal of 


Mathematical 


Biolog 








Edited by 

H. J. Bremermann, 
Berkeley 

F. A. Dodge, Jr., 


YorktownHeights,N.Y. 


K. P. Hadeler, 
Tubingen 


Subscription 
Information: 
Volume 1 (4 issues) 
will appear in 1974: 
DM 136,—, 

plus postage. 
North America: 
$63.00, including 
postage. 
(Subscriptions are 
entered with prepay- 
ment only.) 


Sample copies are 
available upon 
request 


The intent of this new journal is to further the cooperation of two-major 
disciplines. In biology there have been significant breakthroughs, e. g. in 
molecular biology and chemical biodynamics. There is great progress in basic 
mathematics, computer technology, and numerical techniques, and an 
abundance of mathematical talent. The mutual understanding and 
collaboration between biologists and mathematicians is steadily increasing. 
New mathematical developments are applied in the life sciences. The complexity 
of biological phenomena in neurobiology, morphogenesis, chemical biodynamics, 
and genetics is a challenge to mathematics. The gap between the inherent 
complexity and the tools available is bridged by mathematical models, which 
are realistic as possible yet simple enough so that inferences can be drawn 
from them. 


Scheduled for Volume 1: 


J. C. Bezdek, Numerical taxonomy with fuzzy sets. — C. Foias, A biological 
homology inference from ergodic theory. — K. P. Hadeler, On the equilibrium 
states in certain selection models. — J. L. Lebowitz, S. I. Rubinow, 

A theory for the age and generation time distribution of a microbial 
population. — H. C. Mel, D. A. Ewald, Thermodynamic potentials and.evolution 
towards the stationary state in open systems of far-from-equilibrium chemical 
reactions: the affinity squared minimum function. — G. Palm, 

On the selection model for a sex-linked locus. — E. Schafer, H. Mohr, 
irradiance dependency of the phytochrome system in cotyledons of mustard. 
(Sinapis alba L.). — A. Worz-Busekros, The zygotic algebra for sex linkage. — 
H. L. Resnikoff, Differential geometry and color perception I. — 

A. T. Winfree, Patterns of phase compromise in biological cycles. 
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Springer-Verlag Berlin Heidelberg New York 
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It’s not just anothe 


The first issue of Cell, a new monthly 
journal of cell and viral biology from 
The MIT Press, was published in 
January, and already its astonishing 
growth, both in circulation and repu- 
tation, seems destined to make it one 
of the most important journals in its 
field. Edited by Benjamin Lewin, 
formerly the editor of Nature New 
Biology, Cell provides a wide-range 
journal publishing articles of general 
interest in molecular biology, cell 
biology, tumor virology, immunology, 
genetic development, and other re- 
lated areas. Papers are refereed as rap- 
‘idly as possible and those accepted are 
published within twelve weeks. 


Cell also includes an extensive review 
section. In addition to those reviews 
with the traditional role of discussing 
a field in some depth, short reviews 
give conceptual accounts of recent ad- 
vances in areas of cellular biology, for 
the benefit of researchers in other 
areas. Book reviews and discussions of 
meetings are also included. 


The May issue of Cell will include the 
following articles and reviews: 


interaction of Regulator Proteins with 
Recognition Sequences of DNA: 
Benjamin Lewin 


A Measurement of the Sequence 
Complexity of Polysomal Messenger 
RNA in Sea Urchin Embryos: Glenn 
A. Galau, Roy J. Britten, and Eric H. 
Davidson 


Studies on Nascent RNA in Mouse 
Myeloma: Henry Berger, Jr., and Ru 
Chih C. Huang 


Regulation of Intracellular Protein 
Breakdown in Stringent and Relaxed 
Strains of E. coli: Devorah Rafaeli- 
Eshkol and Avram Hershko 


Mutations Affecting Adenine Phos- 
phoribosy! Transferase Activity in 
Chinese Hamster Cells: Lawrence A. 
Chasin 


Mutants of Cultured Chinese Hamster 
Cells Deficient in Adenine Phosphori- 
bosy! Transferase: G. E. Jones and 

P. A. Sargent 





Type C Viruses of Baboons: Isolation 
From Normal Cell Cultures: G. J. 
Todaro, C. J. Sherr, R. 8. Benveniste, 
and M. M. Lieber 


Vesicular Stomatitis Virus Envelope 
Glycoprotein Alterations Induced By 
Host Cell Transformations: Sue A. 
Moyer and Donald F. Summers 


Inhibition of Transport Systems In 
Cultured Rat Hepatoma Cells By 
Colcemid and Ethanol: Peter G. W. 
Plagemann and John Erbe 


Development of hCG-Sensitivity in 
The Testis of the Immature Rat: 
Wolfgang Engel and Joachim Frowein 


The June issue of Cell will include 
the following articles, reviews, and 
book reviews: 


The Gene Numbers Game: J. O. 
Bishop 


Evidence for Genetic Recombina 
tion Between Endogenous and Exo- 
genous Mouse RNA Type C Viruses: 
J. R. Stephenson, G. R. Anderson, 
S. R, Tronick, and S. A. Aaronson 


Increased Protease Levels in Trans- 
formed Cells: A Casein Overlay 
Assay for the Detection of Plasmin- 
ogen Activator Production: A. R. 
Goldberg 


Changes in Adenylate Cyclase, Cyclic 
AMP, and Protein Kinase Levels in 
Chick Myoblasts, and Their Relation- 
ship to Differentiation: R. J. Zalin 
and W. Montaque 


Induction of a Deoxycytidineless 
State in Cultured Mammalian Cells 
by Bromodeoxyuridine: M. Meuth 
and H, Green 


Expression of Thymidine Kinase 
Variants is a Function of the Repli- 
cative State of Cells: R. Adler and 
B. R. McAuslan 


Book Reviews 


Among the Protozoologists: S. H, 
Hutner 
Cell Culture—the State ofthe Art: 
J. Bard 
Ribonucleic Aeids in Review: 
E. M. Scolnick 

+ 


r new journal. 


Subscription Prices 

A year’s subscription to Cell is $70 for 
individuals in the U.S., Canada, or Pan 
American Postal Union and $75 for 
individuals in other countries. 

The subscription price for institutions 
is $100 in the U.S., Canada, or Pan 
American Postal Union and $105 for 
institutions in other countries. 


Manuscripts and editorial correspon- 
dence should be addressed to the 
Editor or European Editor. 


Editor 

Benjamin Lewin 

Cell Journal 

The MIT Press 

28 Carleton Street 

Cambridge, Massachusetts 02142 
United States 

{(617}253 2890 


European Editor 

Brigid Hogan 

School of Biological Sciences 
University of Sussex 

Falmer Brighton, Sussex BN 1 90G 
Great Britain 

0273 66755 


Associate Editors 
Anthony Allison 
Tom Benjamin 
John Bishop 


Sheldon Penman 
Robert Perry 
David Prescott 


Donald Brown Martin Raff 
Anthony Davies Louis Siminovitch 
H. John Evans Alan Smith 


Edwin Southern 
George Todaro 
Brian McCarthy Gordon Tomkins 
Susumu Ohno Harold Varmus 
Mary Lou Pardue Robin Weiss 

tra Pastan 


Howard Green 
Mary Lyon 


Address all advertising and subscrip- 
tion inquiries to: 

Mrs. Christine Salmon 

Cell Journal 

MIT Press Journals Department 

28 Carleton Street 

Cambridge, Massachusetts 02142 
(617) 253 2889 


Cell is indexed in Current Contents. 
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C3H anti AKR, AKR anti CSH 
CBA anti AKR, AKR anti CBA 





Several types now available 










Derived from cross immunisations 
of mouse a, b, d and k genotypes 








Available viable or frozen 





Virus Products 


Encephalomyocarditis virus and 
Sendai Fusion virus available 


Oligo (dT) Cellulose 















j Dodecyl 
Sulphate" 
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PERKIN-ELMER 
GAS CHROMATOGRAPH WINS 
DESIGN COUNCIL AWARD 


The Perkin-Elmer Model F30 is the first gas 





PERKIN-ELMER LIMITED 


chromatograph to win a Design Council Award POST OFFICE LANE BEACONSFIELD ih 
for products showing outstanding achievement in ENGLAND a 
engineering design. Developed and manufactured in TELEPHONE BEACONSFIELD 6161 
England this instrument is the most sophisticated TELEGRAMS PECO BEACONSFIELO 


routine gas chromatograph available today - and yet 
one of the simplest to operate. 


Outstanding in performance as well as original in design 

the Model F30 has made a great impact in both domestic PERKIN-ELMER 
and export markets. Features such as thermostatted 
pneumatics, carrier gas flow sensors and ‘make up’ were 
totally new in concept when introduced on the Model F30, 
and together with the reproducibility of the digitally set 
controls have contributed largely to its success. 
Introduced in 1971 as a high performance routine 
instrument the Model F30 was followed in 1973 by the 
versatile Model F17 and in 1974 by the low priced 

Model F33, giving Perkin-Elmer a product range 
unsurpassed throughout the world. 
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Portland haian. ve 


British defence research has always been conducted in 
conditions of obsessive secrecy, and so the news that the 
Admiralty Underwater Weapons Establishment (AUWE) 
at Portland was to let selected guests in was a pleasant 
surprise. In 1968, the Select Committee on Science and 
Technology had urged wider dissemination of Portland’s 
problems and achievements, and this was their belated 
response. Dr G. L. Hutchinson, the Director, indicated 
that he hoped that industry and universities would come 
into closer relationship with the establishment; he must 
also have had an eye on the defence review now being 
conducted, His budget is £9 million which he regarded as 
inadequate for some of his tasks. 

The establishment is responsible for research and 
development for offensive and defensive naval require- 
ments beneath the ocean surface. Within AUWE’s orbit 
is torpedo homing, data collection in submarines, hydro- 
dynamics, and all manner of other problems not all of 
which, doubtless, were on view; the greatest problem as 
far as one can tell is the antisubmarine warfare (ASW) 
requirement of finding submarines—-in particular nuclear 
submarines-~in the complex environment of the oceans. 
Sound in the kilocycle frequency range is the tool used 
but it is severely blunted by the sound velocity structure 
of the oceans which is neither laterally homogeneous, 
simple to parametrise, nor time invariant. The medium 
is barely conducive to propagation of sound over 
distances of more than a few tens of kilometres. 

A first look at a new institution may be deceptive. 
Certainly security still poses enormous problems; one 
guesses from the unease with which some questions were 
answered or deflected that many would be glad when 
the whole thing was over and they could get back to work. 
There was an indication that open days would not become 
a regular feature of Portland’s life; this, one hopes, is a 
sentiment which will be strongly resisted by the govern- 
ment, for the establishment has a lot to lose and nothing 
to gain by returning to obscurity. 

The overall impression is somewhat sad. Amongst the 
exhibits were no surprises of the sort which mark out 
some laboratories as vigorous. Maybe there was more in 
what was not shown, but that is unlikely. The argument 
that the real stuff cannot be unveiled for reasons of 
security has always rung somewhat false and as likely as 
not means there is no ‘real stuff. 

But there was more to the sadness than that. Many 
military laboratories all over the world were created in 
something like their present form in the ten years 
following the Second World War and recruitment was at 
_its most vigorous at that time. They have all encountered 
‘the problems that Portland seems to have-—of a now 
middie: aged professional staff with much experience (in 
his case of the hostile marine environment) but a 
dimit hing capability for aggressive scientific thihking 
and yet insufficient other outlets. Universities offer 
teaching. committee work and administration. Industry 









May 24, 1974 





simply discards the nonproducers. Government scier 
establishments can do none of this. 

The results are two-fold. First, 
declines as old solutions to 
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Enough: a, PE establi shi 
less attractive to the brightest yi 

How far Portland conforms to thus 
to tell but all the symptoms are there. 
is the resigned spirit so often manifes | 
laboratories——the seeing of decisions as desce gE 
‘our elders and betters’ with the unambiguous indice 
that although elders not betters. There is oe ihe 
horizontal compartmentalisation of problems---workers 
are not expected to know nor to take steps to know what 
is going on down the corridor. The compact rule of 

ecurity, that the enquirer must not only be cleared. but 
aa also have a ‘need to know’, may cut down on spyiny 
but it reduces research creativity alarmingly. It is doubtfy 
that many in Portland have access to enough pieces « 
say, ASW research to put together a coherent up-to-date 
story of present abilities and future prospects. And yet 
any competent research student constrained from acquir- 
inz a global view of his subject would rightly walk out, 

The problem of ASW is perhaps insoluble and i ma 
be that this is our greatest guarantee of a measur 
strategic stability for the next twenty years. On the a 
hand, there are many in the academic comman : 
would like to become more involved in matters of def 
oe -more, maybe, than the Ministry of Defence appre 


... Greenwich solutior 


CHARLES H is said to have informed the Raval Society 
that he was “graciously pleased” with their work op 
useful problems such as finding the longitude at sea but 
not with their “‘childish diversions” such as weighing air 
In the next hundred years, with the stimulus of a p 
of £20,000, the art of navigation moved from comy 
ignorance about longitude to precise determination 
a marvellous tale, always worth another bearing, 
Eric Forbes’ recent monograph (The Birth of Nav 
tional Science, National Maritime Museum, Greenwi 
is a good retelling because the role of Tobias Mayer and 
the M o: lanar oe are ee ERE 
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few look at ‘the motions a oa odes ies yee yee 
that we make no apologies for an elementary gx- 
position). The elevation of the Pole Star above the 
horizon at night is almost constant. During the day the 
maximum elevation of the sun also rapidly leads to the 
latitude. So with rudimentary devices latitude had been 
roughly determined since the sixteenth century. Longi- 
tude is altogether different, as some means of knowing 
both local time and some standard time, such as 
Greenwich, is needed. Local time is relatively easy to 
obtain from midday, and even quite inaccurate clocks ~ 
can be used with daily corrections. Greenwich time is am. 
altogether different proposition. So serious was the 
problem to mariners that large cash prizes were offered 
for its solution by the governments of France, Holland, 
Spain and Venice in the sixteenth and seventeenth cen- 
turies. As early as 1530 two distinct methods had been 
pswoposed: one that a high quality clock be carried on 
a sifip, to take Greetwich time ealong, as it were; the 
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other that a celestial clock be used such as the steady 
progression of the Moon amongst the stars. 

The two most promising methods—superior clocks 
and so-called lunar distances—were still far from 
accurate enough when the British government set up the 
Board of Longitude in 1714. Standard practice on long 
voyages was to run down lines of latitude into one’s 
destination, a potentially catastrophic procedure if 
Sailing to an island and unsure whether east or west of 
it. As late as 1741 Anson in the Centurion lost eighty 
men of scurvy in the twelve days he spent hunting for 
Juan Fernandez (of course not only were ships often 
misplaced, so, occasionally, were islands). The Board 
offered a results-related award—£20,000 for an accuracy 
of half a degree in longitude at the end of a six-week 
voyage to the West Indies, £10,000 for an accuracy of a 
degree. Sir Isaac Newton summarised the problems in 
making an accurate enough timekeeper—‘the Motion 
of a Ship, the Variation of Heat and Cold, Wet and Dry, 
and the Difference of Gravity in different Latitudes”. 
An accuracy of about two minutes would be needed at 
the end of the prescribed sea voyage for a half-degree 
accuracy, and clearly no pendulum clock would be up to 
that. Spring-driven clocks had been made as early as 
1500 but by 1714 had never been compensated properly 
for temperature. Lunar distances might take the prize. 

On the practical side one had to measure the angular 
distance between the moon and some prominent zodiacal 
star. This changes 13° in every 24 hours, so the inven- 
tion in the 1720s of the reflecting octant with an angular 
accuracy of 1° implied that if the lunar motion were 
perfectly tabulated, time by the Moon could be accurate 
to about two minutes once atmospheric refraction and 
geocentric parallax were allowed for. Two minutes of 
time is half a degree of longitude so the prize was in 
sight, at least if the tables could be perfected. It was 
to this that Tobias Mayer of Nuremberg and Gottingen 
most successfully devoted fifteen years from 1747. 

Mayer was a cartographer and his interest in astrono- 
mical determinations of longitude came not from any 
nautical experience (he never even saw the sea) but from 
a desire to improve land surveying in Germany. He 
realised as he searched for higher accuracy that existing 
lunar data was unreliable and even that some of the 
stellar positions were unsatisfactory. Having read Euler 
on analysis and mechanics he ventured into the theory of 
the Moon’s motion around a spheroidal Earth. 

His first tables of the motions of the Moon in 1752 
were criticised for discrepancies and for a certain in- 
scrutability but by 1754 he had shown that the dis- 
crepancies were in contemporary star tables, and the 
usefulness of the tables for longitude determination was 
demonstrated. Euler now persuaded him to go for the 
prize money which he did in a Memorial to the Lords 
of the Admiralty beginning: “Having by indefatigable 
application and a great deal of trouble found out the 
longitude at sea...” 

His work was well received in London, but the Board 
of Longitude delayed and Mayer died before a decision 
was made. Nevil Maskelyne, Astronomer Royal, used 
the tables with success on a voyage to SteHelena in 1761 
to observe a transit of Venus, and there was general 
agreement that Mayer’s widow merited the £10,000 
prize. The Board thought otherwise (they were probably 
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somewhat embarrassed by their sintultaneous encougage- 
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ment of Harrison and his chronometers) and even 
tually awarded her only £3,000. This grudging acknow 
ledgement did not inhibit the Commissioners of Longi 
tude from using Tobias Mayer’s tables to generate th 
first Nautical Almanac for 1767. But now the potentiall: 
more accurate chronometer, untied to problems of th 
Earth’s rotation and the Moon's complex orbit, bega 
to come to the fore. 

John Harrison (1693-1776) stands out as a clock 
maker head and shoulders above his contemporaries 
He came to London in 1728 with two inventions whicl 
were to start him on a lifetime of battling with temper 
ature fluctuations and poor lubrication—the ‘gridiron 
pendulum of brass and steel rods and the ‘grasshopper 
escapement which required no oiling. His first clock 
H1, was tested so effectively on a voyage home fron 
Lisbon in 1736 that Harrison, having estimated the posi 
tion one and a half degrees west of the calculation b' 
dead reckoning was proved right on landfall. 

The money was not that easily won. The Board helpex 
Harrison financially, but the Spanish wars and his ow! 
self criticism prevented a direct assault being made o1 
the prize until 1761 by which time Harrison had buil 
two other chronometers with which he was not totall 
satisfied, and now produced the watch H4, a mere five 
inches across. H4, surely the finest watch ever, was taker 
to Jamaica in an inconclusive trial, but in 1763 wa: 
tested again and showed an error of less than one tent 
of a second per day. This should have brought Harrisor 
his £20,000. The Board paid half but demanded that he 
secure his second £10,000 by showing that H4 could be 
made by others. Eventually George III exerted pressure 
and in 1773 Harrison received another £8,750. 

Go to Greenwich to see Harrison’s chronometers 
They are displayed in a serene room almost inaccessible 
to the casual visitor like the Lady Chapel of some cathe 
dral. The display is superb, as the big clanking clock: 
come on you one by one down the room. And then sud 
denly there is a small ticking watch, H4. The atmosphere 
is almost religious, and the visual surprise will live witt 
you for a long time. 


100 years ago 





Colonel Gordon left Khartoum on March 21, and in 
bis last letter from Fashoda, 10° N., he touches on some 
of the scenes on the beaks of the river—the storks, 
which he was in fhe habit of secing~arrive*on the | 
Danube in April, laying back their heads between their | 
wings and clapping their backs in joy at their return to 
their old nests on the houses, now wild and amongst the 
crocodiles 2,000 miles away from Turkey ; the monkeys 
coming down to drink at the edge of the river, with their 
long tails, like swords, standing stiff up over their backs ; 
the hippos and the crocodiles. Such scenes to a lover of 
nature, as Col. Gordon is, doubtless would serve to make 
up in some measure for the loss of civilised society and 
comforts. 
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Does cancer research have realistic aims? 





The Imperial Cancer Research Fund 
tries with its 1973 report, recently 
published, to appeal to a wider 
audience. Brian Ford takes a look at 
the report and at broader issues in 
cancer research. 


Cancer research is a blend, not 
altogether a happy one, of the assured 
with the uncertain, the esoteric with the 
mundane; yet in recent years some re- 
markable improvements in survival 
rates have been achieved in fields that 
include breast cancer, leukaemia and 
the lymphomas. That alone is sufficient 
to refute allegations that this speciality 
is uniquely able to consume public fund- 
ing for little tangible benefit. Successes 
in Specific areas are, however, not them- 
selves a guarantee that priorities are cor- 
rect or that courses of action have been 
chosen for valid criteria. The latest re- 
port of the Imperial Cancer Research 
Fund (Lincoln’s Inn Fields, London 
WC2) throws an interesting light on the 
advancing front of progress, and mir- 
rors some deficiencies in the philosophy 
that underlies it. 

Past reports have been issued by the 
fund in a different form. As the Fore- 
word acknowledges, they have been an 
unsatisfactory mixture of facts, figures 
and data presented (particularly where 
clinical findings and research are con- 
cerned) in the specialist form least likely 
to attract interest or even understanding 
from the outside reader. The survey for 
1973 is therefore novel in approach, for 
it embraces three specific and distinct 
areas of interest: the accounts (which 
are bound as a separate volume), the 
research reports as such and the Direc- 
tor’s assessment. There has been a 
deliberate attempt to word this intro- 
ductory section carefully so that it may 
be assimilable to the intelligent outsider 
(who is described as a ‘non-scientist’ by 
the Foreword, but in this era of isola- 
tionist specialisation is as likely to be 
a psychologist or physicist) and Michael 
Stoker has taken the brave step of using 
his easy manner and flow of common- 
place English to accomplish the task. 
For so long has it been widely assumed 
that understandable terminology and 
uncomplicated syntax are indicators of 
superficiality in approach, that this step 
is perhaps doubly notable. Yet in some 
respects, by casting a more direct light 
on the state of the art, it is a less than 
satisfactory exercise. 

He draws a close parallel between 


the immune response that may be in- 
voked against malignant cells and that 
seem to act “against measles”. Similarly 
far-fetched analogies are becoming 
popular (indeed the Nature-Times News 
Service report dated April 22, 1974, 
draws a similar parallel) yet it is argu- 
ably unrealistic. Surely the infective in- 
vasion of susceptible tissues by a 
transmissable viral genome is operation- 
ally distinct from neoplastic transforma- 
tion, and the quest for a genotypically 
polyvalent vaccine, as it were, must be 
a different kettle of fish from the de- 
velopment of measles immunisation. 
One looks back to the trial-and-error 
attempts of Jenner to experiment with 
vaccinia and Pasteur with rabies, both 
by good fortune working with material 
which responded uniquely to their tech- 
niques though neither had much reason 
to suppose it would do so; and one 
assumes there is something more pre- 
dictable, less metaphysical, about 
modern medical methodology. Yet here 
we are, in the 1970s, with electroshock 
in the psychiatric hospitals and vaccine- 
shock in oncology, hopefully injecting 
BCG or irradiated leukaemic blast cells, 
in the hope of gingering up the immuno- 
logical sensitivities of a cancer patient. 

In Stoker's words it looks sound 
enough: “The vaccine is made from 
leukaemic blood from another patient, 
which is slightly different from the 
recipients own blood and may, there- 
fore. give an additional boost to the 
defences”. Yet it is this very clarity 
which reveals the extent to which our 
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knowledge is clouded and incomplete., 
There are many other fields of investi- 
gation in which the dearth of detailed 
knowledge, and the inadequacy of many 
orthodox beliefs. is demonstrated. The 
report mentions that Rubens and 
Dulbecco have investigated the use of 
cytotoxic compounds onto 
tumour-specific antibodies, the principle 
being to utilise the antibody as a 
vehicle for the drug, only to find that 
the loose covalent association that was 
assumed did not, apparently, occur in 
their trials. It now that the in- 
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crease in susceptibility of the trans- 
formed cells is coincidentally induced 
by the presence of antibody; how 


remains uncertain 


Though some of the practical pro- 
blems of cancer management remain 
poorly understood, the study of what 


we might in the broad sense term onco- 
genetics is inspiring. So too is the in- 
terest in conceptualising about cell 
growth. I believe it is helpful to con- 
struct greater models by which to 
account for the lesser datum; holistic 
concepts through which to marry reduc- 
tionist dogmas. In this respect it is 
heartening to see the work which Martin 
and his colleagues have under way, 
which construct novel interpretations of 
the dynamic status of mature cell com- 
munities; models that are not profound 
and whose principal benefit lies in their 
being far from complex, but which pro- 
vide an intellectual synthesis of ob- 
served phenomena. 

Growth-rate regulatory mechanisms 
are what cancer is all about, and it is 
fitting that one of the leading ICRF 
groups should be the Department of 
Cell Regulation. Yet, when our under- 
Standing of these mechanisms is so pro- 
foundly complex in some respects, 
how surprising it is that Stoker can 
demonstrate the simple fact that 
boundary layer gradients may be as 
important as cell-to-cell contact in re- 
gulating cell growth rates. This contrast 
between the detail of our understanding 
in some respects, and our ignorance of 
far more fundamental, practical issues 
in others, can be illustrated by other 
reports in the document. Though it is 
now beginning to seem possible that we 
may be able to screen urine samples as 
a means of detecting those patients 
peculiarly susceptible to breast cancer, 
it js still not known whether radical 
mastectomy or wide excision are pre- 
ferable in the early stages of the disease. 
Hgre too we see progressive develop- 
ments in one easpect of a discipline 
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St Bartholomew's Hospital, London, 

where the Imperial Cancer Research 
Fund established a Professorial Chair 
in Medical Oncology in 1971. 





contrasting with ignorance of a seem- 
ingly elementary nature in another. 

In certain respects the sense of im- 
balance that parts of the ICRF report 
engender are no more than a mirror 
of the greater problems faced by 
modern science. To rely, in some primi- 
tive Baconian sense, on observing phe- 
nomena and then adopting the correctly 
self-critical mode advocated by the fol- 
lowers of Professor Popper, seems to be 
the only true path to objectivity and 
insight. Too often it tends, instead, to 
blind one to the true relationships be- 
tween the larger fragments of science, 
and it conveniently ignores the weak- 
nesses and foibles of human nature. | 
believe we should now recognise the 
inability of modern scientific research 
to fulfil its function adequately by rely- 
ing solely on what one might term in- 
spirational research. Perhaps we need 
something of what the Americans 
would term the ‘project’ approach, in 
which teams or individuals are asked 
to prosecute a given line of investiga- 
tion which fitted into the whole. 

The argument against this is that in 
this way we tend towards the dictatorial 
direction of research. What we seem to 
forget is that research is being surely 
directed at the moment, but directed by 
whim, by fancy, by inclination; it 1s 
directed by current trends, by the con- 
census paradigm subconsciously obeyed 
by an introspective discipline of science; 
and it is directed by the distribution of 
funds and support. Though there is no 
need to dictate science policy, or to set 
the sights of science at some invisible 
target, there is certainly room for a 
little calculated realism somewhere in 
the mix. 

Even though we pay little attention to 
the criteria by which our research pri- 
orities are selected, they certainly exist 
To utilise a framework of agreed values 
to supplement—though in no sense re- 
place—personal fulfilment’ guidelines 
is more likely to bring us nearer the 
truth than shots in the dark, no matter 
how inspired the marksman. Though, it 
is undeniably true that free-wheeling 


chance gave us Penicillium notatum 
and the earlier discovery of antibiosis, 
it was the directed research of wartime 
that gave the world penicillin and the 
antibiotic age. In an area such as can- 
cer research, where the main concern 
of all is to bring about an increase in 
knowledge, unless they or their relatives 
are suffering from the disease, when the 
prime requirement is seen as the saving 
of life: here more than anywhere we 
need guidance by concensus and ob- 
jective-setting as a supplement to 1n- 
spiration. 

lo speak of cost-effectiveness in re- 
search is irksome—until we realise how 
costly it is, and how badly civilisation 
needs the effects. 

If we have to pick out one example 
of an individual revelation from the 
ICRF report, there can be no better 
example than the discovery of a demon- 
strable difference between the cell sur- 
face in normal and transformed tissues, 
namely the absence of a normally-pre- 
sent protein from the surface of malig- 
nant cells. This has been the work of 
Richard Hynes in the Department of 
Tumour Virology, and is a sound and 
hopeful advance. Indeed it is in viro- 
logical research that the ICRF has per- 
haps its greatest claim to fame, and 
around which at least four of the groups 
base their work. Yet man seems to 
show few signs of suffering from virus- 
induced tumours, and current estimates 
suggest that 60-90", of all malignancies 
in man are caused by chemical carci- 
nogens. Should one suggest that—if re- 
seurces are limited—more attention 
should be paid to the pfactical prob- 
lems of patient care in hospitals and at 
home? ° 

We still knew little about cells in 
cgmmunitie® A model of histological 
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or developmental normality—cell 
sociology, one might say—is at least as 
important in understanding malignancy 
as would be a comprehensive under- 
standing of a single cell. If we are to 
promulgate pure research, ought it not 
to concern itself with relatively unex- 
plored avenues such as these? 

it is often said that in cancer one 
cannot experiment on humans. But one 
does. of course, perpetually in a manner 
which (though entirely justifiable and 
ethical) must surely seem incongruous 
alongside specialised research in other 
fields. How is it there is still the scent 
of alchemy in the air where much 
chemotherapy 1s utilising 
drugs of high potency but uncertain 
action in an empirical and almost hap- 


concerned, 


hazard manner? Should the arm be 
immobilised after breast surgery or 
allowed freedom of movement as an 


aid to fluid drainage? Are steroids help- 
ful in the therapy of malignant disease? 
hese questions (which funda- 
mental indeed alongside specialised 
virus research) are only now being re- 
solved, by experimental trial 

When there are many short term, 
immediate questions to be answered, is 
it entirely justifiable to press ahead in 
such detail on animal research based on 
cancer models that are not apparent in 
mankind? Perhaps we should take heed 
of the comments in last year’s report 
from the International Agency for Re- 
search on Cancer in Lyon concerning 
the near impossibility of extrapolating 
the mass of data from animals to man. 
Indeed. is not the problem of cancer 
research that we know too much: we 
have too many data and too few con- 
ceptual pegs on which to hang them? 
And is the balance of cancer research 
entirely fair to the patient? 


seem 
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THE prospects for international con- 
trol of chemical weapons could well 
hang on the results of an intensive 
review of the United States chemical 
warfare policy now being conducted 
by the Nixon administration. It is the 
first such review for nearly five years. 

Begun quietly by the National 
Security Council (NSC?) in December 
last year, the review Is a two-pronged 
study, first of an impasse which for 
four years has prevented the United 
States from ratifying the most im- 
portant chemical weapons treaty ever 
negotiated—the so-called Geneva Pro- 
tocol of 1925, which bans the first use 
of chemical weapons in war. And, at 
the same time, the NSC is taking a 
close look at the Pentagon’s plans to 
modernise its existing nerve gas stock- 
piles by replacing them with a new 
generation of chemical weapons called 
binaries. According to Admunstration 
spokesmen who testified on nerve gas 
policies before a congressional sub- 
committee earlier this month, the 
review should be completed in the next 
few months. 

Meanwhile, Congress is also faced 


with an important decision in the 
chemical warfare area, for the Pen- 


tagon has already requested approval 
of funds to begin producing binary 
weapons at the Pine Bluff arsenal in 
Arkansas. A decision must be made 
this summer on whether or net those 
funds will be approved. 

These reviews and 
taking place against a backdrop of 
international negotiations being con- 
ducted in Geneva under the auspices 
of the 26-nation conference of the 
Committee on Disarmament (CCD), 
the ultimate aim of which is to nego- 
tiate a treaty banning not only the 
use of chemical weapons in war but 
also their. production and stockpiling. 
In other words, the goal is complete 
worldwide disarmament. What hap- 
pens in Washington in the next few 
months will be crucial to the outcome 
of those negotiations. 

At present, the official Administra- 
tion pohcy on chemical warfare, as 
outlined by President Nixon in a state- 
ment in November 1969, is that the 
United States will never be the first to 
use chemical weapons in a war, and 
that it has renounced entirely the use, 
production and = stockpiling of Dac- 
‘teriological weapons. Coupled with the 
no-first-use policy, however, is the 
understanding that in the absence of 
worldwide chemical disarmament, the 


decisions are 


US at chemical 
war crossroads 


Calin Norman, Washington 


United States army needs to maintain 
extensive stockpiles of nerve gases to 
deter other countries from initiating 
chemical warfare or, if deterrence fails, 
so that the United States can retaliate 
in kind. For those reasons, some 45 
million pounds of nerve gases are now 
stockpiled in bases throughout the 
United States, in Johnston Island in 
the Pacific, and at one location in 
Germany. 

Unfortunately, however, since the 
United States has never ratified the 
Geneva Protocol the policy of no first 
use of chemical weapons is nothing 
more than a promise, and until the 
protocol is ratified, United States in- 
tentions will never have the force of 
international law. At present, ratifica- 
tion is bogged down in a dispute be- 
tween the Administration and the 
Senate Foreign Relations Committee 
over the Administration’s interpreta- 
tion of the terms of the protocol. It 
will be crucial to the outcome of the 
CCD talks that this impasse be broken. 

The nub of the matter is that when 
President Nixon submitted the protocol 
to the Senate for approval in 1970, he 
did so with the express understanding 
that riot control agents and herbicides 
are not included in its provisions. In 
other words, even if the United States 
government formally ratifies the pro- 
tocol it would still consider itself free 
to use those agents in warfare-—in 
fact the United States army was doing 
just that in Vietnam at the time Nixon 
submitted the protocol to the Senate. 
The Senate Foreign 
mittee argued, however, that the pro- 
tocol should include all chemical 
weapons and it is refusing to put the 
matter to a vote in the full Senate 
until the Adminstration backs down 
from its interpretation. 

There the issue has rested for the 
past four years, but at least the NSC 
is now taking a close look at the 
Administration’s position. Whether a 
complete change of mind will engue 
from the review is, however, doubtful 
to judge by statements made by 
Administration officials who testified 
before a subcommitteg of the House 
Foreign Affairs Committee earlier 


Relations Com- 











this month. PRs ER 
Assistant Secretary for 
International Security, 
herbicides and riot contro) ager 





played a valuable and “humane” row 
in the Vietnam war, for example, and 
he said that the Administration’s 
position has not changed. 

Failure to ratify the Geneva Fros 
tocol is understandably viewed within 
the CCD talks as a severe stumbling 
block in the path of efforts to secure 
a more extensive treaty which would 







outlaw chemical weapons entirer 
Furthermore, a treaty outlawing 
production, use and stockpiling of 





tiated at the CCD talks a couple of 
years ago, is also held up in the Senate 
Foreign Relations Committee await 
a final resolution of the Geneva 
Protocol dispute. 

That is bad enough, but according 
to a number of observers, the Pen- 
tagon’s plans to develop binary wea- 
pons could eventually kill the CCD 
talks entirely. Binary weapons he 
been under development by the United 
States army for the past ten years or 
more, but they are now coming up for 
a number of crucial decisions. In short, 
the weapons consist of two “relatively 
non-toxic” chemical components which 
form a lethal nerve gas when they are 
mixed together. The idea is that they 
would be kept apart unti] they are 
required for use, and they would ther 
be fed into separate compartments i 
a shell and allowed to mix only when 
the shell is safely on its way to the 
target. 

The Pentagons argument for 
binaries is simple enough. Since the 
weapons are safe to store, produce 
and transport, they form ideal replace- 
ments for the existing ageing stock- 
piles of nerve gases. According to 
official army statements, nerve gas 
munitions have shelf life of only 15 
years, and thus existing stock of filled 
weapons will have to be replaced by 
about 1985. Consequently, in Septem- 
ber last year, the army began to tent 
the advantages of binary weapons in 
public statements and in congressional 
testimony, and it has now asked Con- 
gress to approve a request for $5.8 
million to begin production of 
155-mm _ binary-equipped = artillery 
shells. That request is now under con- 
sideration—in secret-—-by a Congres- 
sional Appropriations Committee: it 
is being hinted that the request is 
rufining into gome trouble. 
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gressmen concerned chiefly over the 
possibly damaging effects of a massive 
new chemical weapons programme on 
the Geneva CCD talks, and they seem 
to be picking up some influential sup- 
port from a few conservatives con- 
nected with military affairs—-a sign, 
perhaps, of the way the wind is blow- 
ing, is that the House Armed Services 
Committee recently voted to cut about 
$1.9 million from the Pentagon’s re- 
quest for research and development 
related to binaries (this, it should be 
noted, would be an entirely separate 
demand from the demand for produc- 
tion funds). 

One particularly effective argument, 
surfaced during the House 
< Foreign Affairs Committee hearing 
~ earlier this month, is that the Adminis- 
tration is now conducting an “urgent 
review” of the binary programme 
itself, and that Congress should there- 
fore delay approving the Pentagon’s 
request for production funding, at 
least until the National Security Coun- 
cil has decided whether or not the 
Administration is actually in favour 
of the programme. At present the 
Congress is placed in the position of 
deciding whether or not to provide 
money for a programme which may 
be killed off by executive fiat at some 
future date—a situation that would 
arise only in the highly sensitive 
region of defence spending, and which 
gives substance, to the view that there 
is little executive scrutiny of the Pen- 
tagon’s annual demands before their 
submission to the Congress. 

Although that argument may ulti- 
mately carry most weight in the Con- 
gress, it became clear during the 
House hearings that the binary pro- 
gramme could well be in trouble for 
a variety of other reasons, and that 
there is a division of opinion actually 
within the Administration on the 
merits of pushing ahead with a 
chemical weapons programme of any 
variety at the current stage of the 
Geneva talks. The NSC review of the 
binary programme will inevitably be 
subjected to some critical ‘input’ from 
the Arms Control and Disarmament 
Agency, which has admitted serious 
disquiet over the possibility of a pro- 
binary decision damaging-—perhaps 
fatally—-the CCD discussions. Dr Fred 
Ikle, Director of ACDA for the past 


year, said, under heavy questioning 
from the commitee chairman last 


week that: “It is my judgment, based 
on arms control considerations—and 
this is a personal view-——that at this 
time the pros and cons come out Jn 
favour of not going into production 
(of binaries)”. 

The military view, as expressed DY 
Mr Jordan, is that present nerve gas 





against us. 





PEEN we Ttae 1 is necessary ‘to 
adequately support all United States 
forces in case chemical warfare is used 
Binaries,” he said, “pro- 
vide significant operational and safety 


advantages over any other known 
approach which could have been 
selected for modernisation.” 

The situation is therefore the 
familiar one of the official United 
States negotiating position being in 


favour of disarmament, yet at the same 
time the Pentagon is pushing for a 
new weapons programme. According 
to Representative Patricia Schroeder, 
who attended the CCD talks last year 
as an official United States observer, 
“Where many nations last summer 
simply regarded the United States as 
having assigned a rather low priority 
to CCD activities, by mid-March, as 
the 26 reconvened, one of the more 
influential western delegates, Dr 
Alfonso Garcia Robles, leader of the 
Mexican delegation, went so far as to 
Suggest that we plan to trigger a 
chemical arms race.” 

Another factor which has recently 
been injected into the binary debate— 
and one which could ultimately prove 
decisive-—is the potential opposition of 





For most American scientists, election 
to membership of the National 
Academy of Sciences (NAS) is re- 
garded as an accolade second only, 
perhaps, to being awarded the Nobel 
Prize. But during the past four years, 
two scientists have resigned from the 
august body, and two others have 
efused to accept membership when it 
was offered to them. The chief com- 
plaint all four have raised iş the 
academy's close involvement with the 
research programmes of the Depart- 
ment of Defense. 

The latest to decline association with 
the academy is Richard Levins, a 
mathematical biologist from the Uni- 
versity of Chicago, who was elected to 
the Academy at the general meeting 
in April. Levins turned down the offer 
in a letter dated May 10, stating that 
his “first and most urgent concern is 
the continuing participation of the 
academy in military matters”. 

Levins also sharply criticised the 
policies of the academy’s President, 
Philip Handler, but he argued that the 
organisation’s connections with the 
military are “not the result of a per- 
version of the academy’s nature by 
Philip [sic] Handler or his pre- 
decessors, but of a faithful interpreta- 
tion of its charter and traditions”. 

The academy's charter, received 
from Presiden Abraharh Lincoln, 
specifically givgs it the role of advising 
the government, and Levins therefore 


programme. Ay fact, 


Another refusal to join the NAS 





Mr ‘Leon Sloss, 
Assistant Secretary of State for 
Political-military Affairs, admitted un- 
der questioning by the House Foreign 
Affairs Committee that the binary pro- 
gramme is running into some diplo- 
matic difficulties. 

The reason is simple. Binary 
weapons make sense only if they 
are deployed in forward positions, 
ready to retaliate against an aggressor 
who initiates chemical warfare. In 
other words, nerve gases stored in 
depots in the United States would be 
of little use as quick response weapons 
against the Soviet Union, and the only 
place it makes sense to keep the 
weapons is in Europe. Sloss refused to 
discuss the subject in open session, but 
admitted that any attempt to expand 
nerve gas stocks in Western Europe 
would run into difficulty. 

Some British observers feel that the 
outcome of all this will be that the 
Adminstration will decide that the pro- 
gramme is not worth the diplomatic 
storm that it may cause and that it 
will eventually be stopped. But sources 
on Capitol Hill, while remaining 
moderately optimistic, believe that the 
issue is far from decided. 





argues that it would be self defeating 
to accept membership in the academy 
and then try to reform from the inside. 
His letter states: “I cannot hope to 
remedy this situation by planning with 
other colleagues to replace Mr Handler 
with a more liberal president, or by 
manoeuvring to restore the NAS to 
its true mission: it is performing its 
true mission, and I find that mission 
repugnant.” 

Levins specifically attacks Handler 
for trying to “weaken any criticisms 
of the military, as he did in his cover- 
ing letter (to the academy’s report on 
herbicide damage in Vietnam), where 
among other things he dismisses the 
evidence of damage to human health 
and of death caused by herbicides.” 

For his part, Handler claims that 
the amount of classified work under- 
taken by the academy has declined 
during the past few years. He stated 
in his annual report to the membership 
that about 5% of the funds funnelled 
through the academy this year were 
concerned with that resulted in the 
printing of classified reports. 

Be that as it may, Levins and others 
who have attacked the academy for 
its association with the military would 
like to see the organisation completely 
sever its ties with the Department of 
Defense. In refusing to accept mem- 
bership of the academy, Levins is 
following a precedent set by Dr 
George Field, a Harvard astronomer. 
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State of the world: 
IISS reports 


“ALMOST medieval turbulence under a 
nuclear umbrella”, is how the Inter- 
national Institute of Strategic Studies’ 
(IISS) annual report for 1973 describes 
the military and political scene last year 
(1ISS, 18 Adam Street, London WC2). 
In a year marked by the withdrawal of 
the United States from Vietnam, a com- 
mitment between President Nixon and 
Secretary Brezhnev to negotiate a SALT 
ll agreement, the downthrow of Presi- 
dent Allende, the Middle East War, the 
appearance of the oil weapon and 
ominous creakings in unity not only 
within Europe but with the United 
States, the epithet is well deserved. 

The greatest strategic development 
was undoubtedly the use of oil as a 
weapon which “opened up prospects of 
entirely new political balances”. The 
quadrupling within a year of oil prices 
led to Dr Kissinger’s proposal for an 
Energy Action Group, but there were 
many defections from the united front 
that was hoped for as western Europe 
and Japan pursued bilateral deals with 
oil producers; the ingredients of many 
of these included arms sales. Already in 
the eighteen months prior to the Octo- 
ber war nearly $5,000 million worth of 
arms deals had been made with Persian 
Gulf states—mainly Iran and Saudi 
Arabia. Iran, in particular, sees threats 
both internal and external—indeed 
there are potential dangers on all sides 
except from Pakistan. The IISS finds 
it difficult to predict the military future 
in the Gulf, so complex is the scene. 
On the one hand armed-to-the-teeth 
means bloody conflict; on the other, the 
Strength of Iran and Saudi Arabia 
means stability. A familiar problem for 
Strategists. 

The prospects for SALT II 
gloomy, as United States—Soviet ten- 
sions grew in 1973. There are some 
Sticky problems for negotiators. In 
August the United States announced 
MIRV tests had begun in the Soviet 
Union thus starting the process by 
which American qualitative superiority 
though with numerical inferiority in 
missiles is eroded. And ultimately the 
accuracies of land-based missiles are so 
great that if the number of such missiles 
possessed by one side exceeds that of 
the other, first strike by the bigger force 
against the other side’s launchers as 
good as ensures missile victory. The 
United States is believed to be aiming 
in SALT II for some sort of numerical 
equality with limited freedom to mix 
missiles. This, of course, leaves the 
American bomber superiority un- 
touched. The Soviet Union is said to 
have responded that numerical equality 
would require the dismantling of 
American Forward-based Systems such 


are 





VısıTrors had an opportunity to see 
the other side of Kew when the Royal 
Botanic Gardens held its open days 
recently, and the laboratories, library 


| and herbarium were open to the 
public. The Director, Professor J. 
Heslop-Harrison, stressed the import- 
ance of the gardens as a repository for 
living wild plant species. The plant 
kingdom is in retreat, he said, and 
about a tenth of known angiosperm 
| Species are in grave danger. By the end 
of the century half of these would 
almost certainly be extinct. As part 
of a worldwide effort to conserve this 
fast disappearing genetic resource, a 
seed bank has already been set up 
which he hopes will eventually form 
the core of a national seed bank com- 
parable with those in Leningrad and 
Colorado. Equally as disastrous as the 


as European submarine bases. She 
also proposed a prohibition on further 
research and development of bombers, 
cruise missiles, penetration aids and air- 
to-surface nuclear missiles. ‘“Out- 
rageous’’, said the United States. 

The problem for the 1990s is the sub- 
marines, the institute believes. Much 
will hang on breakthroughs, if any, in 
anti-submarine warfare technology, and 
there are various actions that could be 
taken to ensure submarine invulnega- 
bility. Continuous tracking of sub- 
marines could be prohibited, as could 
large scale °sonar installations. Sanctu- 
aries could be providedefor submarines. 
This is the stuff of arms tontrol in the 








disappearance of individual species is 
the destruction of large 
natural habitat by man’s expansior 
Professor Heslop-Harrison that 
although the general public is now 
sympathetic to the idea of wildlife 
conservation the less glamorous con- 
cept of vegetation conservation is 
difficult to communicate, although of 
prime importance. If you want to save 
the tiger, he said, first save the teak 
forests in which it lives. In the gardens 
themselves, the Temperate House 
designed by Decimus Burton and built 


areas ol 


Said 


between 1860 and the 1890s now 
being completely restored and reno- 
vated as was the Palm House some 
years ago. 
late 1970s and the sooner it is widely 
discussed the better 

Will the Soviet Union attack China 


in 1974? The LISS sees this as a serious 
option for Soviet policy, but concludes 
that the days are over when a surgical 
strike against Chinese nuclear facilities 
would have destroyed the country’s 
weapons programme. Further, China 
now has more allies, and is capable of 
inflicting some damage on Soviet cities 

The troubles of Angola, Mozambique, 
Rbodesia, Namibia and South Africa 
with insurgents are given four pages 
the Northern Ireland troubles not a 
word. A pity; a brief analysis in the 
IISS’s lucid style would have helped. 


304 


EUROPEAN manufacturers of PVC are to 
spend at least £4 million on major plant 
modification where workers are liable 
to come into contact with vinyl chloride 
monomer (VCM). The move follows 
reports earlier this year that exposure 
to VCM had caused the deaths of 
plastics workers in the UK and the 
United States. Subsequent enquiries 
have revealed 18 cases of liver cancer 
among PVC workers—12 in the United 
States, one in Britain and possibly five 
in Europe. Inronically, the very rarity 
of the angiosarcoma involved has 
allowed researchers to say so concretely 
that it was caused in the occupational 
environment. Since no other chemical 
agent is known to produce angiosar- 
coma so directly it is difficult for the 
industry's scientists to look for outside 
causes, whereas a common or garden 
lung cancer might easily have been attri- 
buted to any number of external factors. 

The Chemical Industries Association 
(CIA), which represents the big four 
British plastics producers involved in 
the affair, is at great pains to point out 
the highly moral way in which the com- 
panies have responded to the news that 
VCM is a bad smell in a production 
process which looks like a bed of roses 
profit-wise. Not only did the manufac- 
turers sponsor Maltoni’s Bologna pro- 
gramme (which put the finger on VCM) 
but having found themselves on the 
spot when the unpleasant tidings broke 
earlier this year they have in the space 
of three months reduced airborne VCM 
concentrations from 150ppm to 50ppm 
in polymerisation plants, and to about 
Sppm on the actual VCM production 
line. And this when the legal limit stands 
at 200ppm. It should be noted on the 
other hand that the 200ppm limit existed 
simply as an anti fire and explosion safe- 
guard before anybody had any inkling 


Red badge 
of protest 


from our Soviet Correspondent 


CIA comes 
clean, almost 


John Hall 


that the stuff was no good for the liver. 

In those days, ladies were spraying 
their curls with lacquer carried on pres- 
surised jets of VCM from candy- 
coloured aerosols, nobody turned a hair 
at the thought of orange pop coming 
home in PVC boitles and an American 
liquor company was even planning to 
market the hard stuff in PVC packaged 
doses. They ran a programme just to 
see if alcohol was affected by contact 
with the plastic, and the answer was 
that it was OK except that it seemed to 
leach out the VCM. Nobody knew 
VCM was bad news then, but the liquor 
people ditched the idea to be on the 
safe side. 

VCM hair lacquer is now a thing of 
the past, but the pop bottling and food 
packaging business is still booming, and 
the CIA’s men recently pointed out that 
this was because the amount of VCM 
absorbed from PVC packaging in the 
diet of your average man was in order 
of 0.00Ippm, and that at this meagre 
rate of absorption your average man 
would need to be around for 50,000 
years if he wanted to absorb an ounce 
of VCM. What's more, they remarked, 
there was no evidence that absorption 
through the gut rather than through the 
lungs was in any way harmful. They 
did not give any indication of what 
your heavy pop-swagger might expect 
by way of a daily dosage, or indeed any 
indication of what dose might be con- 
sidered lethal, and what safe. 

On this last question—the point at 
which it is safe to absorb a noxious sub- 
stance and the degree to which an 


On the occasion of the great inter- 
national celebration-that-never-was of 
the 250th anniversary of the Soviet 
Academy of Sciences (or, more cor- 
rectly, of the old Russian Imperial 
Academy which it replaced), a small, 
but significant, “celebration” of the 
event was held in London by the 
Medical and Scientific Committee for 
Soviet Jewry. 

The symbol of the meeting, distri- 


buted to the participants in the form 
of a lapel badge, was a redrawing of 


the official emblem of the Soviet 
Union—in which the sickle has become 
a ball and chain, and the hammer the 
new, scientific and sophisticated 
Weapon of restraining dissidents, the 
h¥podermic. This theme of the repres- 
sion of the scientific and intellectual 
community, espgcially of ¢hose mem- 
bers of it who, wish to emigrate from 
the Soviet Union, formed the basis of 
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essential industry can diveri its energies 
to eliminating that substance from the 
air which its workforce breathes—the 
CIA has struck a philosophical note. 
Quite correctly, they point out that PVC 
is not a luxury product, but a major 
industrial material which is an integral 
part of modern life. The car industry, 
coal mining, domestic and industrial 
building, water distribution, gramo- 
phone record production and various 
other blessings of civilisation depend 
upon a ready supply of PVC. 

If society demands an absolute zero 
risk for the 2,000-odd men working on 
PVC production, then this could be 
met only by ensuring absolute zero 
exposures, and since this is not a prac- 
tical proposition, then the producers 
would have to stop producing, and life 
as we know and love it would grind to 
a halt. With improvements in valves 
and pipe joints carying the pressurised 
gas concentrations as low as 10ppm 
may be achieved in existing plants, 
and in entirely new plants, using the 
most modern technology, 5ppm might 
be achieved. This, says the CIA, is 
probably safe, and in any case achieve- 
ments beyond this point are not con- 
ceivable, and so it’s up to society to 
say its piece. If perfection is demanded, 
the wheels of industry stop turning: if 
something a little less will do while 
research proceeds, then we can have 
our drain pipes and cable covering. 
And waxing ever so slightly meta- 
physical, the chairman of the CIA’s 
VCM Committee, Dr A. W. Barnes 
even volunteered the opinion that five 
parts per million was arguably closer 
to nothing than to something, which ts 
stretching public relations to breaking 
point, even if you are speaking for the 
combined interests of ICI, BP, Vinatex 
and British Industrial Plastics. 


the address by Heinz Woolf, who com- 
pared the current Soviet policy to that 
of Ivan the Terrible, who, after St 
Basil’s Cathedral had been completed, 
had the architect blinded so that no else 
might commission a similar master- 
piece. The current Soviet measures, 
dismissal and harassment of those 
scientists who wish to emigrate to 
Israel, merely continues the same 
tradition of blocking a brain drain. 

A lively discussion followed, on the 
role which scientific societies and 
individual scientists outside the Soviet 
Union can and should play in 
countering this policy, and the sen- 
sitivity of the Soviet authorities to 
criticism from bodies like the “Royal” 
Societies and Colleges or publications 
like The Times and Nature which they 
feel to have a certain official or quasi- 
official status, was particularly stressed 
as a potential means of counter-attack. 








ach 


A STUDENT of the science of science might find it entertain- 
ing to try to discover what it is that reawakens interest in 


any subsequent ingenious suggestion— except possibly to 
stimulate the attempt to be more ingenitous—-and above all 


which points seem to be instructively illustrated by the 
article “Relative-distance Machian Theories” by Barbour in 
this issue of Nature. It does seem to be a few years since at 
any rate Narure carried a contribution on the subject: Bar- 
bour’s suggestion is ingenious and it does not make use of 
any previous work: he starts from an assertion of something 
that “Mach’s principle, in essence, requires”, and he pro- 
ceeds to treat this requirement itself as a “postulate”. But, 
once again, no statement of Mach’s principle! And there 
never can be a statement of Mach’s principle until somebody 
discloses that Mach actually stated a principle, and in fact 
nobody has done this. Mach discussed this problem of 
inertia in a general way, and he seems to have had some - 
idea that inertia depends upon matter in the Universe in 
the large. But anybody who wants to go further does have 
to state his own “postulate” because Mach does not help him. 

Inertia in the technical sense is a notion of Newtonian 
physics. Before Newton, the systems of Ptolemy, Coperni- 
cus and Kepler each treated a whole Universe—in a very 
simplified way, of course. Wonderful as they were, they 
were arid when it came to solving any new problem, New- 
ton came along and said. in effect, that we can break the 
Universe up--divide and conquer, we may take any small 
part of the Universe and assert that a frame of reference 


Possible new antimalarial 


ALTHOUGH it is well established that malaria parasites inside 
host red blood cells utilise glucose, the extent to which this 
process provides the parasites with energy has been little 
explored. One of the technical problems hindering such an 
investigation was the difficulty of distinguishing between the 
biochemical processes of the intracellular parasite and those 
of the host cell. Until recently much effort was directed to- 
wards separating the parasite from host erythrocytes and 
from other cellular blood elements, particularly white cells 
and platelets, the activities of which could invalidate bio- 
chemical assays of, for example, oxygen consumption and the 
action of classical metabolic inhibitors. Homewood and her 
colleagues (Proc. helminth. Soe. Wash., 39 (special issue), 
382: 1972), have utilised a technique based on the observa- 
tion that the pigment of erythrocytic stages of the rodent 
malaria parasite Plasmodium berghei, clumps when exposed 
to a low concentration of chloroquine. and that this process 
is dependent on energy (Warhurst and Robinson, Trans. R. 
Soc. trop. Med. Hyg. 68, 11: 1971). From a Study of the 
action of various respiratory inhibitors on pigment clumping 
“induced by chloroquine, Homewood and her colleagues pos- 
ited that these parasites possess a very unusual, branched 
electron transport chain. The major branch, they sugkested, 
terminates in an unidentified acceptor of parasite origin, and 
they believe that the minor branch passes electrons finally to 













exists such that the part obeys laws of motion whi 
certain forms (Newton’s laws as usually stated) - 
frame is used. The frame of reference-——any iner 
will serve— is the rest of the Universe in the model. 
tally, it can be seen at once why the Newtonian t 
cannot apply strictly to the whole Universe, be 
treatment depends upon this partition of the Univers: 
Mach came along and, so to say working from the © 
end, redetected what Newton had done. From one p 
view, it was no great achievement to suggest that a 
frame might have something to do with the Univer 
large, when all the time the inertial frame is the 1 
the large. From another point of view, Mach did < 
great in making people wonder why the Newton 
ment is so successful. People are still wondering ab 
and Barbour’s paper is an obviously interesting end 
to push it back to more rudimentary postulates. Ht ny 
inappropriate here to discuss details, since he remar 
he is preparing a paper on a different model with m 
teresting properties. 

There is still the general question as to whether su 
carry over into relativistic models. Barbour evide 
lieves that his treatment will extend to special relati 
would be natural, for special relativity also is found 
the use of inertial frames. It is outside his present sc 
say much about general relativity. In general relativity, h 
ever, every problem produces an entire universe (in ge 
not an interesting one); so there is no Newtonian par 
and therefore Mach’s problem does not arise in the 
way. Some writers have indeed, produced saphis 
criteria as to whether any particular general relativity + 
is “Machian” or not, but this seems to be somewhat far: 
Barbour’s interpretation of “Machian”™. 
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drugs 
oxygen by way of a cyanide-sensitive cytochrome oxidase 
system. 

There is now goad evidence to show that the erythroe 
stages of a variety of Plasmodium species, | 





xe 
koad 


. imeludin 
berghei, do indeed contain cytochrome oxidase (mait 
the mitochondria). and that the enzyme occurs also in 
mosquito and pre-erythrocytic liver stages (Howells ef 
in Comparative Biochemistry of Parasites, Agai 
London and New York, 1972). The idea that electron 
port mechanisms may play a vital part in the malaria pi 
has now been exploited by Wan, Porter and Folkers - 
natn. Acad, Sci. U.S.A. 74, 952; 1974) who have synthe 
a series of structural analogues of coenzyme Qs (D). 
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programme Fieser and his associates (J. Am. chem. Soc., 70, 


3151: 1948) synthesised several 2-hydroxy,1,4-naphtho- 
quinones that proved to be highly inhibitory to growth of 
the duck malaria parasite P. /ophurae and two of these were 
eventually tested in man. They produced, however, some 
side reactions—-apparently due to an effect on blood clotting 
mechanisms-—-that were, fortunately, antagonised by the 
administration of vitamin K1 (If). Subsequent investigations 
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CH 
3 rake N GH, 
CH,CH = C—CH,CH,CH,CH CH, 
O 
li vitamin Ky 


showed that these antimalarials inhibit mammalian and 
parasite respiration, an effect that could be reversed in the 
former by the addition, in vitro, not of vitamin K1 but of 
ubiquinone 10 (also referred to as coenzyme Qu, or CoQ). 

It is now known that P. lophurae synthesises ubiquinone 8 
and 9 (Rietz et al., Int. Z. VitamForsch., 37, 405, 1967) and 
that ubiquinone 7 and 8 are synthesised by P. berghei and 
two simian malaria species which do not contain vitamin K: 
(Skelton et al., J. med. Chem., 13, 602; 1970). These observa- 
tions have opened a new line of thought as to the mode of 
action of the napthoquinones, as well as providing a unique 
target for selective toxicity, since the host tissues of both 
birds and mammals synthesise a different coenzyme, namely 
ubiquinone 10. It was soon demonstrated that both the older 
2-hydroxy, 1,4-napthoquinones as well as some newer mem- 
bers of the series, including menoctone (IID, inhibit DPNH 





menoctone 


oxidase and succinoxidase systems in vitro, both systems 
being ones in which CoQ plays an essential part. These 
observations encouraged the synthesis of further compounds 
structurally related to ubiquinone 8, the most recent of which 
are 7-alkylmercapto-6-hydroxy-5,8-quinolinequinones (Wan 
et al., loc.-cit.). One of them, the heptadecyl derivative (IV), 
combines a high level of activity both against the blood 
stages of P. berghei and especially against the tissue stages 
of the avian parasite P. gallinaceum with a very low level of 
toxicity to the host. There are thus two chemical series, one 
characterised by menoctone (HD with its 8 carbon alkyl, 
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3 cyclohexyl “G@idechain, the other by compound IV with 


16+1 carbons in the saturated straight alkyl chain, both of 
which show a high degree of antimalarial activity and low 
host toxicity, It seems quite possible that they function as 
antimetabolites by blocking one or more sites concerned 
with the biosynthesis of CoQ, within the malaria parasite. 
in the menoctone series activity against P. berghei is lost 
as the chain length is either decreased or increased, both in 
relation to the blood (Berberian and Slighter, J, Parasit., 34, 
999: 1968) and tissue stages (Berberian er al., ibid., 1181). 

Menoctone has been shown to cause selective structural 
damage to the well developed mitochondria of the tissue 
stages of avian malaria (Beaudoin et al, Milit. Med., 134, 
979; 1969). Although in the blood stages of P. berghei the 
mitchondria appear to be relatively primitive, it now seems 
clear that they do play an important part in the production 
of energy through the electron transport chain. It is there- 
fore interesting to note that menoctone also induces ultra- 
structural changes in these mitochondria (Howells ef al., 
Ann. trop. Med. Parasit., 64, 203; 1970). 

These compounds thus approximate to the definition of 
the ideal antimalarial which has been stated to be one that 
would (among other virtues) combine action against all 
stages of the parasites with minimal toxicity to the host. 
Although preliminary studies with menoctone against P. 
falciparum in man (Tech. Rep. Ser. Wild Hlth Org., No. 
529, 70; 1973) and the 7-octadecylmercapto analogue of IV 
against P. cynomolgi in monkeys (Wan et. at. loc. cit.) have 
been disappointing, the basic experimental data and theo- 
retical considerations indicate that the further exploration of 
these potential antagonists of CoQ, may well provide a rare 
opportunity for the rational synthesis of an antiparasitic 
agent with highly selective toxicity, the dream of every ex- 
perimental chemotherapist since Paul Ehrlich. A word of 
caution, however, is necessary. The observations of Howells 
et al. (loc. cit.: 1970) indicate, perhaps not surprisingly, that 
the malaria parasite may be equipped already with a means 
of overcoming such interference with its vital respiratory 
processes. W. PETERS 


Another bursal 
equivalent 


Srupy of the lymphoid system in birds has revealed a thymus 
at the anterior and bursa (of Fabricius) at the posterior end. 
Both organs are thought to play a primary part in the 
development of the lymphoid system and immunological 
responsiveness. Stated in its simplest form the notion is that 
the thymus produces T cells which are responsible for cell- 
mediated immunity (that is against foreign grafts) and the 
bursa emits B cells which produce humoral antibody. 
Initially it seemed that these two modes of immunity, like 
the antithetic East and West of Rudyard Kipling, should 
never meet. In mammals, particularly mice, the thymus is 
present and it produces T cells and these cells are respon- 
sible (at least in part) for cell-mediated immunity. The bursa 
in mice is less obvious and murine T cells collaborate with 
murine B cells (B stands for bursal equivalent here) to 
facilitate the production of antibody by the B cells. All this 
looks sensible and seems to indicate that birds and mammals 
differ in their lymphoid systems and manner of immuno- 
logical responsiveness. (It would be more accurate to Say 
that chickens and mice differ) But immunologists are 
spending much time and energy in trying to reconcile these 
appagent differences, and the definition of a mammalian 
bursal equivalent in particular has become a sort of crusade. 
Owen, Cooper and Raff raise the banner once again on 
page 361 of this issue of Nature. Owen et al. first assem- 
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bled a series of fluorescein-conjugated, 
class specific, anti-mouse immunoglo- 
bulin antibodies in order that they could 
identify B lymphocytes by direct absorp- 
tion of the fluorescent antibody and 
subsequent counting of stained cells in 
an appropriate microscope. They make 
the assumption that surface immuno- 
globulin on a morphologically indenti- 
fiable lymphocyte is sufficient definition 
of the cell as a B cell. 

These methods were then applied to 
liver and spleen of foetal mice of 
various gestational ages, It was found 
that until 17 days of foetal life, no B 
(or T) lymphocytes were detectable. 
They then took 14-day foetal liver and 
cultured it in vitro for up to 7 days. 
Within 3 days 0.1 of all cells were 
stained and within 7 days as many as 
3%. Over the same time course there 
was found in the explanted livers an 
increase in the proportion of small 
lymphocytes from 0% to 3 In these 
circumstances Owen ef al. very reason- 
ably conclude that B lymphocytes 
develop in relatively large numbers in 
foetal liver in tissue culture. They also 
point out that, whether or not their 
deduction that the foetal liver is a bursa! 
equivalent proves. to be validated, the 
system of experimentation they have 
adopted provides an opportunity for the 
study of the putative class switch in 
immunoglobulin synthesis, and the gen- 
eration of antibody diversity in the 
absence of T cells. 

It is being found with increasing fre- 
quency that non-lymphoid cells can 
demonstrate some of the best 
nitional characteristics of T 
lymphocytes (see, for example, Elliott, 
.erbel and Phillips. Nature, 248, 514: 
1974). It is to be hoped that this does 
not prove true of surface-bound im- 
munoglobulin, because if it did Owen 
et al. would have to show that their 
fluorescent cells were morphologically 
small lymphocytes. 


recog- 


and B 


A. J. S. DAVIES 


Protein 
for population 


from our Animal Ecology Correspondent 
Or the many problems facing policy 
makers of sub-Saharan Africa today, 
the increasing protein deficiency for 
the spiralling human population is about 
the greatest. It is of historical interest 
to note that protein production has 
traditionally rested on the performance 
of domestic livestock, In some African 
countries the problem has been tackled 
by the importation of protein-rich 
foods. But the high price of these 
foods renders them unavailable to all 
but 25% of the population. The other 
75% rely on caterpillars, maggots, 
snails, fish and wildlife for their pro- 
tein. 





Asibey has pointed out (Biol. Cons., 6, 


natural 
called. 


32; 1974) that meat, or bush- 
meat as it is represents big 
money. In one market in Accra species 
such as hare, giant rat, grasscutter, 
duiker, green monkey and bushbuck 
fetched US $0.46 per pound. During 
18 months the cash turnover from 
348,000 pounds (158,000 kg) of meat 
was US $160,000. If planners need to 
see the future in terms of money they 
snould take a look at their own back 
garden. This, above all, may convince 
them that the true solution rests with 
the effective and efficient exploitation 
and management of naturally occurring 
wildlife. 

[here are other, more important, 
why the bushmeat industry 
should be encouraged and given the 
protection of careful management. 
[hese concern conversion and growth 
efficiencies of wild game compared with 
domestic stock. Eland show a liveweight 
gain of 0.73 pounds (0.33 kg) per day; 
domestic cattle on reasonably managed 
rangeland in East Africa gain about 
0.3 pounds (0.14 kg) per day. Crawford 
(Oryx, 12, 351; 1974) uses this example 
to highlight the need for field studies. 
When eland and cattle are kept in the 
same laboratory their conversion 
efficiencies are similar. But on the arid 
plains the eland’s performance is 
characterised by lability. By allowing 
its body temperature to rise with the 
ambient temperature—and it can even 
exceed the air temperatures and radiate 
heat—it has no requirement to sweat 
Or pant. The saving of body water, 
critical in many parts of Africa, is con- 
siderable. Of course it is only able to 
allow its body temperature to rise be- 
cause of certain adaptations to its hegt 
balance system. These include a refa 
mirabila overlying the brain which 
functions as a heat sink. Furthermore. 
bushmeat sbecies aree remarkably re- 
sistant to infections that kill domestic 
stock, and they seldom® destroy the 


reasons 





African eland being 
milked Askanyvia 
Nova in the Crimea, 
USSR, where there is 
a domesticated herd 
Che milk has more fat 
and protein and less 
water than that of 
domestic cattle and is 
more resistant to some 
bacteria (from Craw- 
ford, Orvy. 12, 321. 


1974) 


phytosociological structure of their 
habitats. 

Both Asibey and Crawford 
pendently make a plea for rati 
scientific management of 
stocks. Clearly, if the 
withstand fairly heavy exploitation then 
close scrutiny must be 
lation processes in the 
sees two possible ways in 


inde 
lal and 
1atural 


resource is tO 


made of 
Crawford 
man- 
agement could be directed. One is to- 
wards the establishment of monocu! 


popu- 
wild 
which 


tures of eland, wildebeest, gazelle or 
kob. The other is towards polyculture 
establishment using a range of game 
animals occupying diferent feeding 
niches and maintaining a great com- 
plexity and diversity of vegetation 
Ecologically speaking the polyculture 
system is the more viable since over 


grazing and overbrowsing are less likely 
to occur than in monoculture 

With the standing crop of bushmeat 
being around 70,000-100,000 pounds 
per square mile (12,000—-17,400 ke km~”) 
and of domestic stock around 11.000 
16,000 pounds per square mile (1.900 
2.800 kg km™~*), it is inconceivable that 
this valuable resource will have to wait 
long before heavy exploitation begins 
And neither it should, if the people of 
Africa are to have meat to eat. Asibey’s 


plea for intensive and detailed manage- 
ment studies must not go unheeded by 
the architects of the new 


Africa 





African buffalo. (Photo.: M. Crawford) 

Their long gestation period (compared 

with domestic cattle) ensures that 
calves are born in the rainy season 
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Galapagos seismic 
gap filled 


from Peter J. Smith 
Geomagnetism Correspondent 
ALTHOUGH all active oceanic ridges are 
marked by chains of shallow focus 
earthquakes, the density of epicentres 
is far from uniform throughout the 
ridge system. There are, for example, 
far fewer events along fast-spreading 
ridges than along slow-spreading ridges. 
Macdonald and Mudie (Geophys. Ja 
36, 245; 1974) have examined earth- 
quakes of magnitude 5.0+ along 
spreading ridge sections (that is, ex- 
cluding those events associated with 
known transform faults), as recorded 
during the years 1961-1969 by the 
World Wide Standardised Seismograph 
Network (WWSSN), and find that on 
average there were 8 shocks per 1,000 
km of ridge for the northern mid- 
Atlantic Ridge. where the spreading 
rate is 12 mm yrv', but less than one 
shock per 1,000 km along the East 
Pacific Rise, where the spreading rate 
yr. Moreover, fast- 
spreading ridges are particularly prone 
to apparent gaps in seismic activity of 
up to hundreds of kilometres in length. 
Along the East Pacific Rise between 
36° S and 49° S, for example, there are 
seismic gaps (as revealed by WWSSN 
records) as long as 1,400 km. 
Another area in which there seems 
to be a seismic hiatus, according to 
the WWSSN, is the 600-km long 
central Galapagos spreading centre, a 
ridge section spreading at a half-rate 
of 32.5 mm yr between the Cocos 
plate to the north and the Nazca plate 
to the south, But is earthquake activity 
truly absent from this region, or is the 
gap in seismicity merely a reflection of 
the low sensitivity of land based 
stations? To find out, Macdonald and 
Mudie used sonobuoys in an attempt 
to detect seismicity at close range along 
the Galapagos spreading centre—-in 
other words, to see if, notwithstanding 
the lack of large earthquakes, they 
could detect microearthquake (magni- 
tude less than 4.0) or earthquake 
swarm activity. The attempt succeeded, 
During 45 h of recording time (not 
continuous) Macdonald and Mudie 
detected an average of I5 events an 
hour near the ridge axis and up to 80 
shocks an hour at the peak of a swarm 
which occurred a few kilometres from 
the ridge. Magnitudes ranged from 
m= --04 to m= +0.8. This is the 
first time that the microseismicity of a 
fast-spreading ridge with no activity 
detectable by the WWSSN has been 
measured. ' 
The association with an active ridge 
leaves little doubt that the recorded 
microearthquake activity is caused by 
seafloor spreading progesses, althoagh 


the specific origin is more difficult to 
determine. Sykes (J. veophys. Res, 75, 


6598: 
swarms 


1970), who investigated ridge 
elsewhere recorded by the 
WWSSN, attributed such swarms to 
volcanic, hydrothermal or magmatic 
processes on the ridge crest, and it 
seems probable that one or more of 
these processes are also responsible for 
the Galapagos events. Wilhams ert al. 
(Eos, S54, 244; 1973) suggested that 
hydrothermal circulauon may be an 
important method of heat transfer at 
the Galapagos ridge crest, for heat flow 
there can be greater than 30 heat flux 
units and narrow, near-bottom, positive 
water temperature anomalies of several 
hundredths of a degree have been 
found over the crest near. as it now 
turns out, the source of the micro- 
earthquake activity. But what is prob- 


ably the most convincing evidence 
comes from the Macdonald-Mudie 
study itself. The b value for the 


Galapagos events (the frequency-mag- 
nitude parameter in the relation log N 
= a —bm,, where N is the number of 
events of magnitude sr or greater) Is 
very high at 3.0, which is consistent 
with a volcanic or magmatic source 
but not with the generally much lower 
b values for fracture zone events. 


Flowing superfluid 
films 


from Peter V. E. McClintock 
Condensed Matter Correspondent 
Tue thickness of a superfluid helium 
film below 1 K is reduced by an 
increment which varies quadratically 
with the velocity at which the film ts 
flowing, according to an experiment by 
Williams and Packard of the University 
of Califorma at Berkeley (Phys. Rev. 
Leti., 32, 587. 1974). 

Some of the most dramatic demon- 
strations of superfluidity in liquid ‘He 


below its superfluid transition temp- 
erature at 2.18 K are found in the 


remarkable phenomena associated with 
helium films. Any surface dipping into 
the liquid rapidly becomes covered with 
a film whose thickness depends on the 
nature of the surface, and the height 
above the bulk liquid, but which is 
usually a few hundred A. 

Up to a certain critical velocity the 
film encounters no resistance to its 
motion and, being thus enabled to flow 
freely at several tens of cm s~', can act 
as a channel through which relatively 
large volumes of the liquid can be trans- 
ferred: in fact the film can act as a 
syphon through which a small vessel 
of helium will empty itself in a matter 
of minutes, the helium flowing up the 
inner wall and,then down the outside. 


The film is held in position by the 
+ 






attractive Van der Waals force be- 
tween the wall and the hellum atoms, 
and measurements of the thickness of 
static films are found to be in reason- 
able agreement with theoretical pre- 
dictions based on the assumption that 
the film always adjusts itself so as to 
minimise its total potential energy in 
the combined Van der Waals and gravi- 
tational potentials. 

in the case of a flowing film, how- 
ever, it may not be possible for the 
thickness to reach this equilibrium 
value since the velocity of flow its 
limited to the critical velocity, above 
which dissipative processes set in very 
rapidly. Although the situation ts very 
complicated, Kontorovich was able to 
show (Zh. eksp. teor. Fiz., 30, 805; 
1956) that, under these conditions, the 
thickness should be reduced by an 
amount depending on the square of 
the flow velocity. 

Subsequent experiments above 1 K 
in a number of laboratories, however, 
demonstrated conclusively that the 
thickness was actually independent of 
the velocity. A possible explanation 
of this apparent conflict between theory 
and experiment was given by de Bruyn 
Ouboter (J. low Temp. Phys., 12, 3: 
1973) who pointed out that Kontoro- 
vich’s analysis had considered equilib- 
rium conditions only within the film 
itself and had ignored the influence of 
the surrounding helium vapour: a flow- 
ing film in internal dynamic equilibrium 
would clearly be in disequilibrium with 
the vapour which, by condensing, would 
tend to bring the thickness back 
to its value for a static film. One obvi- 
ous experiment to test this hypothesis 
was to repeat the measurements at 
temperatures below 1 K where the 
saturated vapour pressure is so small 
that condensation on the moving film 
would be a negligible effect. This is 
the experiment which has now been 
carried out by Williams and Packard. 

Their experimental cell was cooled 
by means of a dilution refrigerator to 
temperatures well below | K, and was 
designed to measure the transfer rate 
of helium between two reservoirs, 
while at the same time monitoring the 
thickness of the flowing film. The 
latter measurement was performed by 
making the film flow between a pair 
of capacitor plates so that a change 
in its thickness resulted in a small 
change in their capacitance, which 
could be measured externally. By this 
means, changes as small as 2 A could 
be detected. By using a second pair of 
capacitor plates to form the walls of 
one of the reservoirs, the volume of 
liquid present could be measured as a 
function of time, thus enabling the 
film flow rate to be deduced. The 
authors found that the film became 
considerably thinner when flowing, than 
when it was static. At 0.26 K with a 
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critical velocity of 28 cm s~™' the film 
thickness was reduced by 56 A. 

By investigating transient effects 
which occurred as the flow started and 
stopped, they were able to measure 
the film thickness for velocities less 
than the critical velocity and they found 
that the thinning was proportional to 
the square of the velocity as had been 
predicted by Kontorovich. 

These measurements provide a satis- 
fying demonstration of the general 
validity of Kontorovich’s analysis 
They also, however, demonstrate the 
corrections of de Bruyn Ouboter’s sug- 
gestion of the importance of vapour 
condensation for films at temperatures 
above | K, which has implications for 
a whole range of other experiments 
and proposed experiments. Williams 
and Packard point out, in particular, 
that by providing a dissipative mech- 
anism, such condensation processes may 
be responsible for the experimental 
non-appearance of persistent currents 
in helium films above | K. So that 
this latter hypothesis may be put to 
the test, it is to be hoped that further 
experiments seeking persistent currents 
in helium films will soon be carried 
out at temperatures well below | K, 
where the influence of the vapour is 
negligible. 


Complexities of the 
Afar triple junction 


from lan Gass 


DURING the past five years the Afar has 
been the site of intensive investigations 
by French, German and Italian re- 
search teams, as well as by individual 
scientists from the United Kingdom 
and United States. A meeting on the 
Afar region, held at Bad Bergzabern, 
West Germany, from April 1-6, was 
anticipated with mixed feelings. Un- 
doubtedly much new information would 
be available, but would it in any way 
make the processes at this unique ter- 
restial triple junction any more 
explicable? These misgivings were un- 
founded: . the symposium was an out- 
Standing success. The lasting impres- 
sion is of the excellence and abundance 
of the German geophysical data and of 
the French and Italian field, structural 
and petrochemical studies. 

The following points were repeatedly 
emphasised; that (1) the continental 
crust beneath Afar has been markedly 
attenuated; (2) the underlying upper 
mantle is anomalous to depths of 300 
km with maximum recorded P wave 
velocities in the range 7.3-7.4 km s™'; 
(3) movement, both vertical and hori- 
zontal, volcanic activity and deforma- 
tion are episodic with periods of activity 
interspersed with intervals of quies- 
cence; (4) the major volcanic activity 


commenced some 34 Myr ago and that 
older dates on trap basalts are open to 
considerable doubt; (5) the disposition 
of volcanic rock types is far more 
complex than originally thought; (6) 
the precise demarcation line between 
the Nubian, Somali and Arabian plates 
can be identified more closely than 
before within the Afar depression but 
that its position on or around the Dana- 
kil Alps is still a matter of personal 
prejudice. 

Both R. Black (University of Mont- 
pellier) and W. H. Morton (University 
of Addis Ababa) convincingly demon- 
strated that crustal attenuation had 
taken place by a process of rotating 
fault blocks. Morton proposed that the 
angle of faulting was a direct reflection 
of the degree of attenuation in the 
upper brittle crust while the lower crust 
deformed plastically. The German seis- 
mic data, reported by H. Berckhemer 
(University of Frankfurt), and the 
gravity information (J. Makris ef al., 
University of Hamburg) proposed 
anomalous mantle under Afar though 
that below the highland is normal. The 
gravity model presented showed a 
mantle of 3.15 g cm~ within 20 km of 
the surface and thinnest beneath the 
rift zones; a space form similar to that 
proposed by Gass in 1969 on petrolo- 
gical criteria is indicated. Magnetotel- 
luric measurements (A. Berktold, Uni- 
versity of Munich), deep electrical con- 
ductivity (H. Porath et al., University of 
Dallas) and surface wave dispersion (R. 
C. Searle, National Institute of Oceano- 
graphic Sciences, Wormley) all support 
the presence of low density mantle at 
high level beneath Afar. Farther to the 
south a similar space form was pro- 
posed for the Kenya rift by R. E. 
Long (University of Durham), J. D. 
Fairhead (University of Leeds) and N. 
Logatchev (Institute of the Earth's 
Crust, Irkutsk) on teleseismic, gravity 
and petrological data respectively, al- 
though the depth to anomalous mantle 
varies somewhat. 

Time and time again speakers 
emphasised the periodicity of activity. 
H. Faure (Centre National de la Rech- 
erche Scientifique, Bellevue) demon- 
strated spasmodic vertical uplift in the 
order of 0.3 mm yr™ around the Gulf 
of Tadjura. F. Berberi et al. (University 
of Pisa) and J. Varet (University of 
Paris) also emphasised the spasmodic 
nature of uplift which they dated as 
occurring mainly between 45-40, 25-20 
and 5-2 Myr with volcanic maxima 
between. Although the generally 
spasmodic nature of events was ac- 
knowledged, the longest pause—that 
proposed by R. W. Girdler and P. Styles 
(University .of Newcastle-upon-Tyrfe) 
for a cessation of spreading in the Red 
Sea between 34-5 Myr—was questioned. 
Many found it difficult to accept that all 
was quiet in the Red "Sea while vol- 
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To anybody whose familiarity 


sponges goes no further than the bath- 


room, it may come as a surprise thal 
the bath sponge Euspongia 1s just one 
of many examples of the sponge 


phylum Porifera. The strange-looking 
structures in the figure 
make up the skeleton of another form 


shown here 


of sponge, Cliona dioryssa, which 
burrows into calcareous rock Chis 
species is one of eight burrowing 


sponges which Dr Klaud Rützler has 
been studying in Bermuda (Smithson 
Contrib. Zool.. No 165: 1974) 
Although Cliona is sufficiently similar 
to Euspongia for both to be included 
in the same broad class, the 
spongia, the skeletons different; 
Cliona’s skeleton is made up of the 
siliceous spicules shown here whereas 
that of Euspongia is composed of a 
horny substance called spongin 


Desmo- 


arce 





canism, uplift, crustal attenuation and 
deformation were going on all around 

Peirologically the picture has altered 
from the symplistic views of the late 
1960s and this is mainly due to th 
recognition of tholeiitic basalts within 
the Ethiopian Trap series as well as 
within the depression. Although genera- 
tions of basaltic liquids within an area 
of high heat flow (the use of the term 
mantle plume being deliberately 
avoided) is generally accepted, it is quite 
apparent that factors other than depth 
ofeequilibration are relevant and more 
correlated field, age, petrographic and 
geochemical data are required before a 
realistic petrogenetic model can be 
erected. 

Lastly, and perhaps appropriately, the 
position of the dividing line between the 
three plates, although becoming more 
pfeeisely defined, is still masked by the 





complexity of surfacé. de 


limits, a matter of choice as to where 
ti is put-—-and that alone will keep the 
arguments going. 


S Support for deep 
mantle convection 


from Peter J. Smith 

Geomagnetism Correspondent 

ASSUMING that the engine driving the 
Earths lithospheric plates involves 
~. some sort of convection in the mantle, 
_ do the convection cells reach down to 
the core-mantle boundary or are they 


2o relatively shallow? Views on this point 
= have changed significantly since the 


-idea of motions in the mantle was first 
proposed. Put briefly and simply, con- 
vection as originally envisaged was 
regarded as mantle wide, with the 
currents moving the passive lithosphere 
by viscous coupling. As the new global 
tectonics developed during the 1960s, 
however, the nature of the astheno- 
sphere became clearer and the litho- 
spheric plates themselves came to be 
seen as possible driving forces (acting 
under gravity, for example). The result 
was that convection cells became con- 
ceptually shallower, being limited to 
the upper mantle or even to the litho- 
sphere-asthenosphere. More recently, 
sporadic attempts have been made to 
reverse this trend by reviving mantle- 
wide convection but have generally 
received little support. The latest such 
attempt is by Robinson (Earth planet. 
Sci. Lett, 21, 190; 1974) who has 
managed to refute the two serious 
criticisms of mantle-wide convection 
put forward some years ago by Ring- 


wood (ibid., 14, 233; 1972). 
Robinson’s two-dimensional model 
involves steady cellular convection 


driven by heat from below. The cells 
are 3,000 km deep (the thickness of the 
mantle) and 1,400 km wide (which is 
within observed trench-ridge separa- 
tions), but their most important charac- 
teristic is that their limbs are narrow. 
In other words, the convection of heat 
between the core-mantle boundary and 
the Earth’s surface layer takes place 
within a narrow (100-200 km) 
boundary layer, the vertical segments 
of which form narrow ascending and 
descending ‘plumes’. This immediately 
avoids Ringwood’s first problem, which 
is that the necessary 200° C mean tem- 
perature difference between the ascend- 
ing and descending currents in the 
conventional wide-limbed mantle-wide 
convection model would imply gravity 
anomalies at the Earth’s surface more 
than 100 times greater than those 
observed. In Robinson’s model the 
corresponding temperature difference 
is of the order of 1,009° C but is*con- 








‘the super-abundance of Recent volcanic ing 


-= products. Over large areas it is, within 


gravity anomalie are 
comparable to those actually observed. 
The second problem that Ringwood 
pointed to was that of “re-establishing 
a superadiabatic gradient by thermal 
conduction after completion of half a 
turn of the cycle”, the point being that 
superadiabatic gradients are necessary 
to drive the convection currents. 
According to Ringwood, the time re- 
quired for conduction through 3,000 
km of mantle would be 2.5 x 10" yr, 
so that “only one convective overturn 
could have occurred throughout the 
history of the Earth”. But according to 
Robinson, this problem does not arise 
in his model because the time scale for 
conduction through a narrow boundary 
layer is much shorter than that of the 
convective cycle. In any case, the 
superadiabatic gradient in the plumes 
(the temperature gradient inside the 
cells is adiabatic) could be maintained 
by energy stored in the core. Ringwood 
rejected this notion on the grounds that 
unacceptable radioactive abundances 
would be required in the core, and that 
even if the necessary deep heat could 
be found it would lead to unacceptably 





high surface heat flow. Robinson 
argues, however, that the narrow 


plumes of his model avoid the need 
for high surface heat flow and that one 
can envisage heat sources in the core 
which do not involve radioactivity. 


Advances in 
lichenology 


from a Correspondent 


PROGRESS and problems in lichenclogy 
were considered at a meeting at the 
University of Bristol on April 8-10. It 
was the first international symposium 
held in Britain devoted solely to lichens 
and was organised jointly by the Sys- 
tematics Association and the British 
Lichen Society. 

Some fundamental questions as to 
the nature of lichens were raised by 
P. W. James (British Museum (Natural 
History)) and A. Henssen (Botanical 
Institute, Marburg) who reported con- 
vincing evidence that a single fungal 
partner with different types of algae 
(green and blue green) can produce 
morphologically very different indi- 
viduals traditionally placed in different 
genera. The production of some 
chemical components used in lichen tax- 
onomy may also be affected by the algae 
present. The use of chemical characters 
in lichen taxonomy was reviewed by 
D. L. Hawksworth (Commonwealth 
Mycological Institute, Kew) who 
suggested guidelines for the taxonomic 
treatment of chemical races in lichens, 
and R. W. A Oliver (University of 
Salford) dengonstrated the value of 
mass spectrometry and high pressure 


“thus: 


_of  Extra-Mural 
k pointed to gaps in knowledge of th 





' deietmmation of. ae ai in grat 


amounts of herbarium specimens 
Lichen taxonomy is also being clarifie: 
by studies of ontogeny (Henssen 
algal components (E.  Tschermak 
Weess, Botanical Institute, Vienns 
and by scanning electron -microscop 
(M. E. Hale, Smithsonian Institution 

On the ecological side F. Ros 
(King’s College, London) showed th 
value of lichens as indicators of ancien 
woodlands in relatively unpollute 
parts of Britain, M. R. D. Seawar 
(Trinity and All Saints’ Colleges, Leeds 
reported on the performance o 
Lecanora muralis in urban areas an 
A. Fletcher (University College o 
North Wales, Anglesey) described th 
ecophysiology of marine and maritim 
lichens. Distributional studies on ; 
world scale (P. W. James) and i 
Britain (B. J. Coppins, Royal Botani 
Garden, Edinburgh) were also reported 
A novel technique for measurin. 
lichen growth rates was proposed b 
R. A. Armstrong (University o 
Oxford) and R. H. Bailey (Departmen 
Studies, London 


establishment and dispersal of lichens 

Physiological studies formed the basi 
of several contributions. Sulphur up 
take and metabolism using radio 
actively-labelled sulphur -— subject 
relevant to the use of lichens as ai 
pollution indicators—-were reported b' 
B. W. Ferry (Bedford College, Lon 
don) and the uptake of heavy metal 
in lichens was discussed by D. H 
Brown (University of Bristol). Nitroge) 
fixation and transfer in lichens con 
tinue to provide an interesting field fo 
research as was shown by J. W. Mill 
bank (Imperial College, London). Thi 
physiology of symbiosis itself and thi 
transfer of carbohydrates were dis 
cussed by J. F. Farrar (Imperial Colleg: 
Field Station, Silwood Park) and D. J 
Hill (University of Newcastle upor 
Tyne). 

D. C. Smith (University of Oxford 
compared the lichen symbiosis witi 
other symbiotic systems; he pointe 
to many similarities and stresset 
that from the laboratory stand 
point lichens were ideal organisms H 
which to study symbiosis itself. Thi 
concept of controlled parasitism of thi 
algal partner by the fungus may, how 
ever, be preferable to one of symbiosi: 
in lichens. 

In conclusion R. Santesson (Univer 
sity of Stockholm) pointed to the re 
surgence of interest in lichens and the 
stimulus which this meeting providec 
for further work. It is clear that lichen. 
ology is a field in which many prob 
lems, both old and new, require fur 
ther research, but also one in which i 
is still relatively easy to make import 
ant original contributions. 





Sugar receptor sites 
in the fly’s tongue 


from our 

Insect Physiology Correspondent 

SINCE the isolation of a ‘sweet-sensitive 
protein’ from the bovine tongue there 
has been increasing interest in the pro- 
perties of sensory receptor substances 
and receptor sites. Von Frisch studying 
the honeybee in 1935 and Dethier study- 
ing the blowfly in 1955 failed to dis- 
cover configurations that were common 
to the stimulating carbohydrates and 
were absent in the tasteless ones. But 
their results underlined the extreme 
specificity of insect receptors as com- 
pared with those of mammals. Dethier 
observed, however, that the weakly 
stimulating sugar, mannose, markedly 
reduced stimulation by fructose but had 
no effect on glucose sensitivity. Evans 
(1961) inferred that there must be at 
least two different sites in the sugar 
receptor of the blowfly tongue, ʻa 
‘glucose site’ and a ‘fructose site’. 

Shimada er al. (J. Insect Physiol., 20, 
605; 1974) have now re-investigated 
this problem in the large labellar hairs 
of the flesh fly Boeticherisca peregrina. 
In earlier work these authors had 
found that the sugar receptor in this 
fly with respect to sucrose could be 
modified by treatment with the sulph- 
hydryl reagent, p-chloromercuriben- 
zoate (PCMB). PCMB seemed to react 
with sulphhydryl groups in proteins of 
the sugar receptor, but not at the 
sugar-binding site; it apparently blocked 
a change in the permeability of the 
receptor membrane. Shimada ez al. have 
“now made a detailed study of the 
effects of PCMB on the electrophy- 
‘siological response of single receptor 
hairs, to fructose, glucose and other 
sugars. 

It turned out that there is a striking 
difference in the effect on the response 
to glucose and fructose: response to 
glucose was completely repressed: res- 


Relative response 
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Depression of responses to fructose 
and to glucose by treatment with p- 
chloromercuribenzoate at graded con- 
centrations. Ordinate: response rela- 
tive to that before treatment. Dura- 
tion of treatment with PCBM was 
always 3 min. A, OIM fructose: 
@, 0.2M glucose. 


ponse to fructose was unaffected (see 


figure). This constitutes the first direct 
demonstration of the existence of a 
‘glucose site’ and a ‘fructose site’ as 
suggested since Dethier (1955). When 
a range of other monosaccharides was 
tested it was found that these fell into 
two groups: D-fructose, p-fucose, and 
D-galactose react chiefly with the 
‘fructose site’; D-arabinose, L-fucose, 
L-arabinose, .L-sorbose, p-xylose, L- 
glucose and D-glucose mostly with the 
‘glucose site’. In the disaccharides 
sucrose and maltose the glucose moiety 
predominates and both react with the 
‘glucose site’. High concentrations of 
glucose exert no specific protective 
effect against PCMB treatment: this 
supports the view that PCMB may not 
react at the glucose-binding site but at 
a different site necessary for stimula- 
tion by D-glucose. 

From a discussion of these results 
and the known equilibrium changes in 
the conformations of a single sugar in 
aqueous solution, Shimada ef al, adopt 
the more precise terms ‘pyranose site’ 
and ‘furanose site’ (instead of ‘glucose 
site’ and ‘fructose site’) representing the 
sites which respond especially to sugars 
in the pyranose and furanose forms 
respectively. The pyranose group was 
further divided into two subclasses 
according to the presence or absence 
of three successive equatorial hydroxyl 
groups regardless of their positions. 


Positive control 
in the test tube 


from Benjamin Lewin 

Molecular Genetics Correspondent 
TURNING on gene expression in vitro 
has in general proved to be more diffi- 
cult than switching it off, for although 
several systems have been developed 
in which specific repression takes place 
in the test tube, characterisation of 
positive control systems has been less 
successful. The positive control system 
investigated in most detail to date is 
the catabolite activator protein stimu- 
lated by cyclic AMP, whose mediation 
is necessary for expression of several 
inducible and repressible operons. 
Although this system seems to act on 
the initiation of transcription, little is 
known about the molecular details of 
its activity. Several papers in the March 
issue of the Proceedings of the National 
Academy of Sciences now take the 
analysis of positive control in vitro a 
stage further in three systems. 

The first positive control system to 
be suggested was that cf the arabinoge 
operon, in which genetic analysis im- 
plied that a repressor protein might be 
converted b? arabinoseeinto an inducer 
protein (instead of simply suffering the 
inactivation characteristice of negative 
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control systems). Lee er al. now report 
(Proc. nam. Acad, Sci. USA. TA, 
634; 1974) the development of a system 
in which the regulator proi acti- 
vated by arabinose, and the catabolite 
activator protein, stim akd by eyche 
AMP, are both needed for initiation 
of transcription. Using a template of 
phage à carrying the arabinose genes, 
synthesis of ara messenger RNA can 
be followed by hybridisation first with 
à DNA (to remove phage sequences) 
and then with A ara DNA. This system 
seems completely dependent on the 
catabolite activator protein, is stimu- 
lated by the arabinose regulator protein 
in the presence of arabinose, and is 
inhibited by fucose (an anti-inducer of 
the operon). These results support pre- 
vious suggestions that both the regu- 
lator protein and the catabolite set 
vator protein must join with RNA poly- 
merase tO initiate transcription. Fur- 
ther analysis of this system may be 








important in helping to define how 
regulator proteins may interact with 


each other and with DNA. 
Phage lambda itself provides a ays 
tem under both negative control 
(lambda repressor prevents expression 
of integrated eae lambda ge 
nomes) and positive contro] (nesded 
both for the establishment of Iysege 
and also for lytic development). 
Establishment of lysogeny depends on 
two phage functions (c// and ceifi in 
addition to the repressor coded by the 
cl gene, and also upon host genes. One 
of the host functions has sow been 
identified by Belfort and Wulf (ihid... 
779), who have isolated Aff wa 
of Escherichia coli that show very 
frequencies of lysogenisation after 
lambda infection. Because the KO 
mutation is recessive, it is likely that H 
is caused by the loss of an active AN’ 
gene product, which usualiv prevents 
establishment of lysogeny. Because A 
phage DNA lacking an active eff! 
gene continues to achieve the sarne high 
frequency of lysogenisation in Af?” cells 
that is displayed by wild type 4, H i 
possible that the hff function is usually 
antagonised by the cH gene product. 
That the host catabolite activator 
system also is implicated in establish- 
ment of lysogeny is suggested by the 
reduction in lysogenisation frequency 
in mutants defective in this system. 
Belfort and Wulff found that whereas 
these host mutants display a slight 
reduction in frequency of lysogenisa- 
tion by A* phages, they show a massive 




















reduction in lysogenisation by effi~ 
mutants. That the catabolite activator 





and Aff systems both act m the same 
pathway as the c//7 phage gene product 
is shown by the observation that the 
inability of catabolite activator host 
mutants to lysogenise A celi mutants 
is reversed by the introduction of an 
Aft mutation. Because catabolite re- 


























pression is normal in 

possible to exclude the idea that this 
-gene specifies a. component of the cata- 
bolite repression system. The roles of 
the catabolite activator protein and 


"A f the Afl gene product in establishing 


lysogeny are not clear, but it is likely 
that these systems may be more intri- 


$ — ‘cate than previously suspected, and fur- 
- ther components may remain to be 


identified. 

A different form of positive control, so 
far demonstrated only with the mRNAs 
of phages T3 and T7, is exercised 
by processing systems. The RNA poly- 
merase enzyme of the host, E. coli, 


>» transcribes one large messenger in vitro 
from the early region of these phages 
(corresponding to 20% of the DNA, 

>: Jocated at its left end). But infected 


>. cells contain five, much smaller, early 


- 7 messengers. Recently it has seemed 


o likely that the discrepancy is due to the 
presence in the cell of an enzyme, 
` RNase HI, which cleaves the large 
= precursor RNA (that is the product 
in vitro) into mature messengers. Her- 
cules et al. (ibid., 840) now report that 
this cleavage represents a step essential 
for phage gene expression, since only 
the mature mRNAs and not their large 
precursor, are active as templates for 
translation in vitro. This concept is 
supported by the observation that the 
early phage genes are only poorly 
translated in RNase HI- mutants of 
E. coli. Why the precursor RNA cannot 
be translated is obscure; but this system 
may well prove interesting from the 
viewpoint of translational control as 
well as for its processing mechanisms. 
And although no bacterial systems have 
yet been shown to suffer precursor 
maturation as a prerequisite for trans- 
lation, it is an interesting possibility 
that RNase III may play this part in 
uninfected bacteria. 

Turning to the transcription of T3 
and T7 DNAs which takes place by 
the phage specified polymerase later 
during infection, Golomb and Cham- 
berlin (ibid., 769) have mapped the 
principal units of gene expression. With 
a template of T7 DNA, the T7 RNA 
polymerase forms six size classes of 
mRNA (molecular weights 5.5, 4.5, 2.0, 
0.8, 0.4 and 0.2105) equimolar in 
proportion except for the 2 x 10° species 
which seems to comprise two classes 
of mRNA. When the T7 DNA template 
is shortened by the removal of regions 
from its right end with nucleases, the 
smallest mRNA is no longer produced, 
and the mRNAs. of 5.5, 4.5 and (one of) 
2.0% 10° daltons are shortened. Since 
all these messengers are complementary 
only to the r-strand of T7 DNA and 
can be synthesised in spite of deletions 
at the left end, it seems likely “that 
they are derived from overlapping units 
of transcription; transcription may start 
at promotor sites located at 56, 64 ànd 


; ay | 
termination’ site near he tight a of 
the molecule, 

When T3 DNA is used as a template 
for the T7 RNA polymerase, a single 
major RNA species is formed of 
2.0x 10° daltons. Hybrids between T3 
and T7 DNA show various patterns of 
transcription, consistent with an over- 
lapping arrangement of transcription 
units. Since hybrid templates can be 
examined by heteroduplex mapping to 
define precisely which regions are de- 
rived from T3 and which from T7, 
future use of this technique may allow 
the start and stop points of the poly- 
merase to be mapped more precisely. 
There are two classes of late gene in 
T7, and so it is tempting to speculate 
that they may be represented by the 
two classes of MRNA, one comprising 
the overlapping transcription units and 
the other corresponding to the remain- 
ing messengers. Although previous 
suggestions have quite often been made 
that transcription might start at one 
point and end at any one of several 
sites to allow coordinate or noncoord- 
inate expression of adjacent genes, the 
late phage overlapping messengers seem 
to achieve the same end by reversing 
the roles of the start and stop points. 
It remains to be seen whether this has 
wider significance for the uninfected 
bacterium. 


How algae 
survive desiccation 


from Peter D. Moore 
Plant Ecology Correspondent 


Few habitats are subjected to the ex- 
tremes of environmental conditions 
experienced by the intertidal zones of 
coasts. Plants and animals living in 
these regions face wide fluctuation in 
temperature, insolation, salinity and 
desiccation with each ebb and flow of 
the tide. Most of these organisms are 
essentially marine and therefore it is the 
period of emersion which represents 
the stress phase which must be tolerated 
to ensure survival. The effect of this 
stress is not laid evenly over the eulit- 
toral zone, but is most acute at its 
higher levels, where the emersion 
period is most protracted. It is this 
variation of stress intensity with vertical 
height which, in conjunction with the 
factor of interspecific competition, 
accounts for the well known intertidal 
zonation of benthic marine algae (see 
Zaneveld, Am. Zool., 9, 367; 1969). 
Many of the algae of the upper 


‘eulittoral suffer emersion periods of 


Several days, sometimes even weeks, 
during which they become thoroughly 
desiccated. The physiological mechan- 
isms which enable these morphologic- 
ally simpig plants to survive such 
& 








"Oae aspect: tof algal physiology which 
has received attention is that of carbon 
balance, especially during emersion 
periods. Chapman (Proc. Sth Int. Sea- 
weed Symp. Halifax N.S., 217; 1966) 
found that the respiration rate of Car- 
pophyllum decreases as desiccation pro- 
ceeds, falling to 20% of the hydrated 
rate at 80% desiccation. Bidwell and 
Craigie (Can. J. Bot.. 41, 179; 1963) 
also demonstrated that carbon fixation 
is reduced during emersion in Fucus 
vesiculosus. Ogata (J. Shimonosaki 
Univ. Fish., 16, 89; 1968) has since 
reported that the depression of respira- 
tion rate during desiccation is found 
in many algae, but that rehydration re- 
sults in an almost instantaneous re- 
sumption of normal respiration. 

The current Carnegie Institution of 
Washington Year Book, which covers 
the years 1972-73, contains information 
concerning the effect of desiccation on 
the photochemical reaction of photo- 
synthesis in an intertidal alga. Fork 
and Hiyama (page 384) have made a 
study of Porphyra perforata and P. 
tenera, species of the upper eulittoral 
zone. Under normal, hydrated con- 
ditions cytochrome f is oxidised by light 
and becomes reduced in darkness. This 
ceased to happen if the plants had been 


dried in the sun, which could mean _ 


that no electrons were available from 
the oxidation of water, or possibly that 
there was a physical uncoupling of 
cytochrome f. Rewetting of the alga 
immediately resulted in light induced 
oxidation of cytochrome f, indicating 
that the primary photochemical ap- 
paratus had survived the drying pro- 
cess, 

The stability of the photosynthetic 
equipment of Porphyra comes as no 
surprise to botanists who are familiar 
with this upper shore alga which daily 
suffers desiccation yet survives. This 
work does, however, demonstrate most 
precisely the nature of this stability. 


This plant’s resilience is even mores 





remarkable when one considers its ap- 


parently delicate structure: unlike the 
robust fucoids, Porphyra forms sheets 
of tissue just one cell in thickness. For 
this very reason Porphyra may prove 
to be an eminently suitable subject 
for future studies on subcellular res- 
ponses to extreme environmental con- 
ditions. 


Correction 


In the News and Views article “‘Palin- 
dromes in eukaryotic DNA” (Nature; 
248, 733: 1974), the sequence in the 
third paragraph should read: 

§’ .... ABC t C’B’A’.... 3’ 

7 .... ABC’ rCBA .... F 
and not as printed. 








Nature Vol. 249 May 24 1974 


313 








Two plates in Africa during the Cretaceous? 


Keyine Burk & John F. Dewey 


Department of Geological Sciences, State University of New York at Albany, Albany, New York 12222 


Plate tectonic theory is based on the idea of the conserva- 
tion of displacement at the ends of major faults}: ridges, 
trenches and triple junctions are linked by transform faults 
so that a plate boundary may not end except by joining two 
others at a triple junction. This is a consequence of the 
motion of torsionally rigid plates in which large permanent 
strains are restricted to narrow boundary zones. Although 
brittle intraplate deformation occurs*, excellent fits between 
rifted continental margins? and between pairs of magnetic 
anomaly isochrons* show that plates do not generally 
suffer significant torsional strains. 

Provided that the zones in which large, permanent 
deformations occur are narrow relative to the plates they 
surround, plate tectonics is a useful theory. The behaviour 
of wide zones of interplate deformation may be approximated 
either by ‘soft’ regions such as the Himalayas and Tibet? or 
by complex microplate systems such as the present Medi- 
terranean', 

It is important to understand to what extent relative 
plate displacements can be registered as strain in a zone too 
wide and diffuse to be realistically termed a plate boundary. 
We describe here a wide zone of strain that developed in 
Africa during the Cretaceous, recognition of which leads us 
to the view that Africa, from about 125 Myr ago to about 
80 Myr ago, was not behaving as a single rigid plate. 





Evolution of the Benue Trough 

PLATE accretion began in the South Atlantic about 125 Myr ago, 
during the late Valanginian-early Hauterivian’. Aptian rock 
salt and carnallite in the Gabon Basin overlie a mainly non- 
marine sequence and are themselves overlain by marine shales 
and carbonates (Fig. 1). This provides evidence of a narrow 
proto-South Atlantic with restricted circulation during late 
Aptian times®. Plate accretion and separation of South 
America from Africa followed an early Cretaceous phase of 
intracontinental rifting and magmatism. During this phase 
rifts were formed, along which plate accretion subsequently 
occurred. Rifts, some of which contain up to 9 km of sediment, 
were generated striking at high angles to the continental 
margin®. In Africa and South America, nodal alkaline and 
peralkaline magmatism and widespread basaltic and rhyolitic 
volcanism occurred during this rifting phase. The rifting and 
magmatic activity have been related to the development of 
domes, crested by rift systems with three branches, which 
occur at hot spots'®. Plate accretion began on two rift arms, 
leaving the third as a failed arm or aulacogen!. 

The Benue Trough (Fig. 2) is one such rift but it differs from 
others in that plate accretion occurred along it during early 
Cretaceous times. Three pairs of magnetic anomalies strike 
north-eastward beneath the Niger Delta!*?!*; we suggest that 
they are late Keathley sequence anomalies developed in 
Hauterivian—Barremian time during the early opening of the 
Benue Trough, when a ridge-ridge-ridge triple junction existed 
in the proto-Gulf of Guinea. The oldest sediments exposed 
in the Benue Trough are Albian shales (Fig. 1) which pass up 


— 


into a sequence of Albian to early Santonian shales with 
minor Turonian alkali basalts and thick Cenomanian deltaic 
sequences (Fig. 1). We suggest that this mainly sedimentary 
sequence was deposited in an already open, or slowly opening, 
narrow ocean. Near the top of the sequence, late Coniacian 
andesites are intercalated in shales. The whole sequence 
was folded during the Santonian (Fig. 1) about axes which 
strike north—east'*, We interpret the late Coniacian andesites 
as evidence of subduction of part of the oceanic floor of the 
Benue Trough, and the Santonian folds as indicating closure of 
the trough. We are unsure of relative motion, if any, across 
the Benue Trough during Albian to Turonian times, though 
the Turonian alkali basalts may indicate very slow extension’®. 
Twice, therefore, during the Cretaceous evolution of Africa, 
a plate margin passed into the continent from a triple junction 
in the Gulf of Guinea, so that there must have been two African 
plates at these times, one south-east and one north-east of the 
Benue Trough. To where did these plate margins continue in 
Africa, and how and over what area was relative displacement 
between the two African plates expressed as strain? 


Cretaceous Africa north-east of Benue Trough 
There is no evidence of a discrete well-defined plate margin 
north-east of the Benue Trough during either the Hauterivian- 
Barremian extensional phase or the Coniacian—Santonian 
convergent phase. We will discuss the extensional phase 
first and then the convergent phase. 

Extensional phase. The Benue Trough divides at the Chum 
and Poli triple junctions to form three rifts?®, one of which, the 
Poli, continues as a subsurface feature marked by a positive 
Bouguer anomaly (Fig. 2). Louis!” modelled this gravity 
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Fig. 1 Correlation chart showing relationships between mag- 
matism, tectonics and sedimentation during the Cretaceous in 
northern and western Africa and eastern South America. 
1, Cretaceous stages; 2, geomagnetic behaviour; 3, plate 
accretion in South Atlantic (ref. 7); 4, development of eastern 
continental margin of South America (based mainly on refs 
37-39); 5, Gabon Basin (ref. 8); 6, Benue trough (refs 12-15); 
7, Algerian and Libyan Sahara (refs 22-26); 8, Egypt and 
* Levant (refs 24, 27). Note that Early Cretaceous magmatism 
dargely predates the development of accreting plate margins 
e and the associated distension of northern Africa, 
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Fig. 2 Northern part of the African continent showing Early 

Cretaceous rifting and distensional structures and Late Creta- 

ceous folding and compressional structures (based mainly on 
refs 36, 28 and 17). 


anomaly as a basaltic dyke up to 30 km wide. Burke and 
Whiteman?* interpreted it as one of the axial dykes related to 
extension, which are becoming widely known in rift valleys?®-*1. 
The Upper Benue and Yola intracontinental rifts contain 
Cenomanian continental sandstones equivalent to the Bima 
deltas of the Benue Trough that prograded south-westwards 
along the narrow Benue Ocean. From the Berriasian until 
the Hauterivian, most of North Africa was covered by a thin 
veneer of continental deposits. During the Barremian—Aptian, 
block faulting and differential regional uplift affected a wide 
region of North Africa from the Algerian Sahara to Egypt?? 
(Figs 1, 2 and 3B). Most of the block faulting took place on 
reactivated basement faults trending roughly north-south. 
Tibesti was uplifted and shed sand wedges?*, and north-south 
block faulting in the Ahaggar was accompanied by local 
spreads of coarse clastics in graben, and erosion or nondeposi- 
tion over horsts**. The Jebel Weinat Massif was also rising at 
this time*®. In north-west Libya, gentle folding of early 
Cretaceous rocks occurred before the deposition of late Aptian 
sediments”* and, in the Fezzan, Cenomanian sediments rest 
unconformably on older Cretaceous rocks. These strong 
differential movements over the Algerian Sahara and Libya, 
ceased by Albian times. An Albian sandstone sheet of fairly 
uniform thickness completely covers the Barremian—Aptian 
structures**, The Sirte graben complex of northern Libya 
(Fig. 2) controlied sedimentation during the middle and late 
Cretaceous. In Egypt, faults trending north-west were active 
during Barremain—Aptian times, producing a series of graben 
and horsts with up to 2 km of shale. The Barremian—Aptian 
activity suggests that a large region of northern Africa (Fig. 2) 
was slowly distending, between two African plates, in response 
to the same displacement that was being accommodated by 
plate accretion in the Benue Trough. 

Compressional phase. The Cretaceous deformation of the 
Benue Valley is dated as Santonian (Fig. 1). Deformation was 
also occurring ebewhere in northern Africa at this time*‘. 
The Syrian Arcs, the Wadi Araba anticline and related structures 
(Fig. 2) began to form late in the Turonian and grew during the 
Coniacian and Santonian (Fig. 1). An important sub-Campan- 
ian unconformity records this deformation phase in Egypt 
(Fig. 1). In the Levant, the Santonian rests Yirectly on gently 
folded Turonian and older rocks??. The Ka Borogop mylonite 
belt (Fig. 2) is not Precambrian, as was previously thought, but 
affects Cretaceous conglomerates*®. Its upper age limit js 
unknown but we here suggest that it was developed, during the 
Coniacian—Santoniaa closing of the Benue Trough, peshaps 
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with a significant strike-slip component (compare with ref. 29). 
Therefore, although convergence of the two African plates was 
accommodated by subduction in the Benue Trough it was 
apparently taken up by intracontinental compression over at 
least part of the region of northern African affected by Bar- 
remian~Aptian distension. Although the relative displacement 
of the two plates may not have been large we are unable to 
determine its magnitude or precise direction. The Benue 
Trough was a structure which narrowed towards the continent 
during the early Cretaceous and all early Cretaceous strain 
between the Benue Trough and Egypt seems to have been 
extensional. This suggests that the pole of relative motion 
between the two African plates at this time lay north-east of 
Egypt. In plate tectonic terms, the broad zone of extension 
may be regarded as either a plate boundary up to 2,000 km 
wide or as a series of smaller intracontinental plates. If 
nothing were known of the history of the Benue Trough this 
extensional zone might be regarded as an enigmatic zone of 
intraplate, intracontinental rifting. 


Stresses unrelated to latitudinal motion 

Intraplate earthquakes, well away from possible plate boundary 
effects, yield dominantly thrust fault and strike-slip first motion 
solutions on all present major plates, indicating that plates are 
undergoing local, brittle deformation in response to compressive 
stresses*. There is no clear pattern of compression directions, 
but compression has been deduced at localities from latitudes 
of about 60°N to 40°S. Intraplate extension has been deduced 
only for eastern Baffin Island and southern Africa. 

We have argued?® that intraplate extension which yields 
intracontinental rift-valley systems is related to the growth of 
hot spot domes and periclines. As the domes grow, they are 
characterised by alkaline and peralkaline magmatism and 
eventually by crestal rifting, commonly in three-armed systems. 
This hot spot phase of intracontinental rifting and magmatism 
may be protracted and abortive but it may lead to a phase in 
which rift valleys propagate and link up, followed by con- 
tinental fragmentation and the opening of oceans by plate 
accretion®, Burke and Wilson?! have argued that extensive 
hot spot activity before continental separation may indicate 
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Fig. 3 A: Berriasian—Valanginian magmatism, tectonics and 
sedimentation on the site of the future South Atlantic. 1, Marajo 
basin (ref. 37); 2, Potiguar basin (ref. 37); 3, Jucano basin 
(ref. 37); 4, Benue trough (ref. 12); 5, Upper Benue rift (ref. 16); 
6, Poli rift (ref. 17); 7, Yola rift (ref. 16); 8, Sergipe-Gabon 
basin (ref. 39); 9, Cuanza basin (ref. 40); 10, Angola alkaline 
province (ref. 41); 11, Kaokoveld basalts (ref. 42); 12, Goiana 
arch (refs 37 and 38); 13, Parana basalts (ref. 37); 14, Pelotas 
basin (ref. 37); 15, Rio Salado basin (ref. 9); 16, Bahia Blanca 
basin (ref. 9); 17, ' Algoa and associated Cape Province basins 
(raf. 43); 18, Malvinas basin (ref. 9); 19, Cabo granite and 
associated silicic alkaline rocks (ref. 37); 20, Messum alkaline 
prayince (ref. 44). B: Aptian plate boundaries in the South 
Atlantic and Africa. The circle with a dot lies in the general 
area of a pole describing the Aptian motion of north-western 
Africa with respect to south-eastern Africa. 
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Fig. 4 Palaeomagnetic poles for the African plate (refs 33 
and 34) form two groups marking times in the Mesozoic and 
Tertiary when the plate was at rest with respect to the spin 
axis. Between about 100 and 25 Myr ago African plate motion 
with respect to the main dipole field was approximately a 
30° rotation about a pole in the Gulf of Guinea. Rifting and 
igneous activity dominated the continent while it was at rest 
and were minimal while it was moving. 


that the continent, or plate, in question was stationary or 
moving very slowly with respect to underlying mantle plumes. 
Once plate accretion between two continental fragments 
begins, hot spot activity may diminish or cease on one or 
both of the fragments; if motion relative to the plume popula- 
tion is fast. Our model of rift valley generation involves a 
hot spot phase with dominantly vertical movements and only 
mild extension, followed by a phase of extension leading to 
continental break up. 

Turcotte and Oxburgh**, using membrane stress theory, 
have adopted a different view, of intraplate deformation. 
They argue that as plates, considered as thin elastic membranes, 
change their radius of curvature as they change latitude, 
stresses build up. If, for instance, a portion of a plate were 
moving to a lower latitude at a rate of 1 cm yr, then membrane 
_ Stresses would equal the tensile strength of the lithosphere after 
30 Myr, provided that the stresses were not dissipated. An 
increase in latitude of 90° would, however, be required before 
membrane stresses were about equal to the compressive strength 
of the lithosphere. Membrane stresses thus cannot account for 
the widespread intraplate compressive failure of the litho- 
sphere? although they could, theoretically, generate tensional 
failure to form rift valleys. If intracontinental extension and 
rifting results from the propagation of cracks developed in 
response to membrane stresses, extension should predate 
magmatism. In rift valleys generated by hot spots, magmatism 
should predate significant extension. We here show that the 
early Cretaceous tectonic-magmatic history leading to the 
separation of Africa and South America and the opening of 
the Benue Trough favours the hot spot interpretation. 

From about 160 to 120 Myr ago, magmatism was widespread 
in the general region along which Africa separated from South 
America (Fig. 34). Alkaline and peralkaline igneous rocks 
were intruded and extruded in distinct nodes (Cabo Granite, 
Rio de Janeiro, Messum); basalts (Parana, Kaokoveld) and 
rhyolites (southern Argentina) formed extensive volcanic 
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provinces. During and after this magmatic phase, great 
thicknesses of non-marine Valanginian to Barremian sediments 
accumulated in troughs with faulted boundaries (rifts and 
aulacogens) parallel and at high angles to the future continental 
margins of South America and Africa. The beginning of 
plate accretion in the South Atlantic overlapped the waning 
phases of magmatism and aulacogen formation (Fig. 1) yet 
nonmarine sedimentation persisted until middle to late Aptian 
times. The sea had invaded the Benue Trough by earliest 
Albian times and it is likely that the Benue Trough opened 
during the extension of North Africa (Figs. 1 and 3B). Signifi- 
cant extension leading to the separation of South America 
and Africa, the opening of the Benue Trough and the distension 
of North Africa, postdated most of the early Cretaceous 
magmatic~aulacogen phase. 

Late Triassic to early Cretaceous palaeomagnetic poles for 
Africa®* cluster closely around a mean at 265°E, 65°N (Fig. 4). 
While Gondwana was breaking up there were no systematic 
changes to lower latitudes of the kind needed for an explanation 
in terms of membrane stress of the associated early Mesozoic 
rift systems. Africa, during approximately the last 25 Myr of 
its history, has been characterised by a similar episode of hot 
spot uplift, volcanism and rifting. African palaeomagnetic 
poles for this time interval**:*4 similarly cluster around a mean 
near the present pole (Fig. 4). Rifting and magmatism in 
Africa have developed at times when Africa did not change its 
latitude. Between 110 and 25 Myr ago Africa changed its 
position, relative to the spin axis, in a way that may be approxi- 
mated by an anticlockwise finite difference rotation of 30° 
around a pole at O°N, 10°W (Fig. 4). During this time there 
was little or no rifting or magmatism on the African continent. 

The closing of the Benue Trough and the compression of 
North Africa occurred at a time of major changes in relative 
plate motion. As a result of the opening of the Labrador Sea, 
the relative motion of Africa with respect to Europe changed 
to an anticlockwise rotation about a pole at 25.4°N, 163.8°E 
(ref. 35). Plates moving with respect to underlying plumes 
may generally be in compression whereas those that are at rest 
with respect to underlying plumes develop tensionai features 
related to hot spot activity. 
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Repeating sequences in aminoacyl-tRNA 


synthetases 
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Some aminoacyl-tRNA synthetases have elongated by 
fusing two very similar sequences. 





AMINOACYL-tRNA synthetases are responsible for the 
specificity of translation of the genetic code. They each 
catalyse a similar reaction in which a particular amino acid 
reacts with ATP probably forming a 5’-aminoacyl] adenylate, 
which then transfers to.the 3’-terminal adenosine of a parti- 


cular tRNA, eliminating AMP. Their specificities are also - 


similar in that different tRNAs have similar structures’ and 
that each enzyme requires an unsubstituted «-amino acid and 
ATP for the complete reaction. 

To avoid errors in protein synthesis, however, they must 
be completely specific for a particular amino acid and a 
particular tRNA. Since the genetic code seems to be uni- 
versal; this specificity has béen conserved over a very long 
period. We might therefore expect these enzymes to be a 
family with homologous primary and tertiary structures that 
are under enormous selective pressure to conserve their 
essential features. 

The accumulation of data on the protomeric units of 
several synthetases has revealed an objection to this view, 
however. Broadly, four classes of synthetases can be defined 
on the basis of protomer size and binding capacity. (1) Those 
containing a single polypeptide chain with a molecular 
weight of about 120,000 and containing one binding site for 
amino acid and tRNA, for example, isoleucyl-tRNA 
synthetase from Escherichia coli*, (2) Those containing two 
identical protomers each with a molecular*weight of about 
90,000 and possessing one binding site for amino acid and 
tRNA per protomer, for example methionyl-tRNA synthe- 


*Present address: Université Louis, Pasteur, Laboratoire de 
Biochemie, Rue R. Descartes, 67 Strasbourg, France ə 


tase from FE. coli (ref. 4, and G.K., unpublished). (3) Those 
containing two identical protomers each with a molecular 
weight of about 40,000, for example, tryptophanyl-tRNA 
synthetase from Æ. coli’. (4) Those containing dissimilar 
protomers, for example phenylalanyl-tRNA from yeast’, 
glycyl-tRNA synthetase from E. coli’. This wide diversity in 
the sizes and organisation of the protomers does not seem 
consistent with the concept of evolution from a common 
precursor since the known classes of homologous protein 
generally contain protomers of very similar size. These 
apparent inconsistencies have led us to isolate several 
aminoacyl-tRNA synthetases from a single source, the 
thermophile Bacillus stearothermophilus, and to search for | 
sequence homologies between them. 


Enzymes from B. stearothermophilis 


Aminoacyl-tRNA synthetases are present in low amounts 
in most cells and many of them are denatured during the 
lengthy purification that is necessary. The thermophilic 
organism, B. stearothermophilus was chosen as a source 
because proteins from this species exhibit remarkable stab- 
ility. A purification procedure that yields about 100 mg of 
pure leucyl-, methionyl-, tryptophanyl-, tyrosyl- and valyl- 
tRNA synthetases from 5 kg wet weight of these cells has 
been developed in collaboration with the Microbiological 
Research Establishment, Porton Down, Wilts. All enzyme 
samples used in these studies were more than 95% pure. 
Before determining any of the chemical parameters of 
these enzymes their subunit structures had to be established. 
The molecular weights of the native proteins determined by 
gel filtration’ were usually sufficiently accurate (Table 1). 
On the other hand, it was essential to estimate the sizes of 
the protomers on proteins which had been completely de- 
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Table 1 Subunit structures of B. stearothermophilus synthetases 


Aminoacyl-tRNA Molecular Molecular Subunit 
synthetase weight weight structure 
(native) (subunit) 
‘Tryptophanyl- 70,000 (E, F) 35,000 (S, G) 2x 35,000 
Tyrosyl- 95,000 (F) 44.000 (S) 2x 44,000 
Methionyl- 135,000 (E, F 66,000 (S, G) 2x 66,000 
Valyl- 100,000 (F) 110,000 (S, A) 1 x 110,000 
Leucyl- 100,000 (E) 110,000 (S, A) 1 x 110,000 


E, Equilibrium sedimentation; F, Sephadex gel filtration; G, equili- 
brium sedimentation in 6 M Guanidine hydrochloride; S, SDS gel 
electrophoresis; A, agarose gel filtration in 0.1% SDS. 


natured and dissociated. For this purpose the proteins were 
either boiled in 1% SDS or preoxidised with performic acid 
and boiled in 1% SDS. The molecular weighis of the proto- 
mers were determined by electrophoresis in SDS-polya- 
crylamide geis? or by gel filtration on columns of SDS- 
agarose (Table 1). Investigations of the tryptophanyl-enzyme 
were hampered by autolysis in the stored preparations. The 
size of the protomers in methionyl-tRNA synthetase was 
confirmed by equilibrium ultracentrifugation in the presence 
of 6 M guanidine hydrochloride”. The results show that 
valyl- and leucyl-tRNA synthetase are monomeric proteins 


Table 2 Amino acid compositions of B. stearothermophilus synthetases 


Aminoacyl-tR NA synthetase 


Amino acid Tyrosyl- Methionyl- Valyl- Leucyl- 
Cys 2 5 8 6 
Asp 29 56 91 93 
Thr 23 27 $2 50 
Ser 18 24 48 33 
Glu 44 69 117 120 
Pro 6 17 26 30 
Gly 33 50 76 72 
Ala 33 44 9] 67 
Val 23 4] 80 64 
Met 11 18 32 33 
Ile 26 39 66 51 
Leu 4i 54 97 77 
Tyr 17 29 30 29 
Phe 18 22 38 34 
Trot 1] 19 19 24 
His 9 12 31 26 
Lys 27 45 68 65 
Arg 28 34 69 47 

Molecular 
weight 45,000 66,000 110,000 110,000 


* Calculated on the basis of the molecular weights of the protomers. 

tFrom analyses of the oxidised protein, using oxidised chymo- 
trypsinogen as standard. This procedure can give over estimates of 
up to 15% for cysteic acid. 

ł Estimated by the method of Edelhoch”. 


with molecular weights of about 110,000 whilst tyrosyl- and 
methionyl-tRNA synthetase are dimers whose protomeric 
units have molecular weights of 45,000 and 66,000 respec- 
tively. 

To facilitate the discussion the amino acid compositions 
of the proteins shown in Table 2 have been calculated on the 
basis of the molecular weight of the protomers present in 
each protein. Since the cysteine (cysteic acid) contents of the 
enzymes proved small, special precautions were taken to 
ensure the accuracy of its analyses. Hydrolysates of chymo- 
trypsinogen and B. amyloiquefaciens RNase™ (which con- 
tains no cysteine) were used for calibration and the values 
shown are the averages of several analyses. 


Repeating sequences | 

The first indication that some of the protomers might 
contain repeating sequences was found in maps of the 
tryptic peptides but the most convincing evidence foretheir 
existence came from estimates of ‘the molar yields of several 
tryptic peptides from each of the proteins. It was assumed 
that yields greater than 1 mol of peptide per mol protomer 
would prove the existence of at least two copies of the 
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corresponding sequence in the intact protomer. Since the 
approach relies on the isolation of pure peptides in high 
yield, certain precautions had to be taken. Preliminary 
experiments had shown that trypsin digestion was more 
complete when the proteins were denatured by oxidation 
rather than carboxymethylation. The trypsin was purified 
on trypsin inhibitor-Sepharose columns in order to minimise 
nontryptic cleavages in the digest, and wherever possible 
only those peptides which were pure after a single purifi- 
cation step were considered since we could not correct for 
losses during purification. 

The tryptic digest of oxidised methionyl-tRNA synthetase 
was fractionated by ion-exchange chromatography on 
Locarte L1/5 resin using a gradient of pyridinium-acetaie 
for elution”. This procedure (Fig. 1) resolved several pep- 
tides which proved pure by paper electrophoresis, paper 
chromatography and amino acid analysis. The amino acid 
analyses also gave their compositions and yields. The molar 
yield of each peptide calculated from them was then used 
to determine the mol peptide per mol of protomer (Table 
3). A similar experiment was performed with tryptic digests 
of oxidised leucyl-tRNA synthetase using a combination of 
SP-Sephadex chromotography and Sephadex G-50 gel filtra- 
tion to purify the peptides. This procedure was preferred to 
the one used with methionyl-tRNA synthetase because it 
selectively purified the larger acidic peptides in high yield 
(Table 3). 

The yields of tryptic peptides from valyl-tRNA synthe- 
tase were estimated by a different procedure. The protein 
was carboxymethylated with “C-iodoacetate™, digested with 
trypsin and the radioactive peptides purified by paper elec- 
trophoresis and chromatography. By using radioactive pep- 
tides losses during purification could be corrected. Note 
that the yields (Table 3) have been calculated from the 
amino acid analyses of the purified peptides and not 
from the yield of radioactivity which is an unreliable cri- 
terion. Nevertheless, the radioactive label was useful in 
enabling corrections for losses to be made at each step in 
purification. 

The results show that the protomers of methionyl-, 
valyl- and leucyl-tRNA synthetase gave several peptides 
with yields between one and two per protomer (Table 3). 


Ag (X 10) 





Fraction No. 


Fig. 1 Separation of the tryptic peptides from methionyl- 
tRNA synthetase. Enzyme (26 mg) was oxidised with 
performic acid, digested with trypsin (1:100, w/w) for 4 h 
at 37° C in 0.5% NHsHCOs, and lyophilised. The peptides 
were dissolved in 0.2 M pyridine-acetate pH 3.1 and applied 
to a column (1 cm x60 cm) of Locarte L1/5 resin equili- 
brated with the same buffer. The peptides were eluted with 
a gradient of pyridine—acetate 
175 mi 0.2 M pyridine—-acetate pH 3.1 





x 
_ 350 mi 2M pyridine-acetate pH 5.0 
One-sixth of éhe effluent was monitored automatically for 
peptides by the ninhydrin reaction after alkaline hydrolysis, 
and the rest collected in fractions which were pooled on the 
` basis of the elution profile. Each subfraction was tested for 
homogeneity by paper electrophoresis at pH 6.5 and 2.1. 
‘The material from ¢ach of the arrowed peaks contained 
s only one peptide. 
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The relatively low yields for the peptides from methionyl- 
tRNA synthetase are probably a result of losses during 
purification. All the same, the yields provide strong evidence 
for more than one copy of each of those peptides in the 
protomer. 


Distribution of repeated sequences 

The distribution of the repeated sequences might indicate 
how the proteins have evolved, but would seem to need 
knowledge of the entire primary structures. We have 
attempted a short cut which relies on splitting each protomer 
into a few large fragments and then surveying the frag- 
ments for certain peptides. If a peptide is contained within 
more than one large fragment then the repeating units 
which make up the protomer are large. If it is contained 
within one fragment, then the repeated regions must be 
relatively short and close to one another. 

This approach has proved to be useful with valyl-tRNA 
synthetase. The native enzyme consists of a single polypep- 
tide chain of about 1,000 residues and is extremely sensi- 
tive to trypsin which splits the chain into two fragments of 
unequal size (Fig. 2). The electrophoretic behaviour of the 
split protein is identical to that of the native enzyme show- 
ing that degradation is not extensive. The larger fragment, 





Table 3 Estimation of the yields of some tryptic peptides from the 


synthetases 
Protein sample Peptide + Yield Mol peptide per 
l composition (nmol) mol protomer 
Methionyl-tRNA M, 290 1.39 
synthetase DTSEG 
(210 nmol IFR 
protomer) M, 260 1.25 
EPGLK 
3 240 1.14 
DEAK 
M, 240 1.14 
EAR 
Mf 240 1.14 
. MSK 
Leucyl-tRNA Lı 140 1.55 
synthetase D* T, S El P, 
(90 nmol G; Ag VIL, 
protomer) KR 
L: 160 1.78 
DK 
L; 150 1.67 
DEGVK 
150 1.67 
D,SE,AL 
Valyl-tRNA Vi 128 1.91 
synthetase CTE.GY 
(67 nmol 
protomer) V: 120 1.79 
CEAVK 
120 1.79 
CD, EPG 





The peptides from methionyl-tRNA synthetase were purified 
according to the procedure shown in Fig. 1. The peptides from 
leucyl-tRNA synthetase were isolated from a tryptic digest of the 
oxidised enzyme by passage of the digest through columns of 
SP-Sephadex C25 equilibrated with 0.17 M pryidine-acetate pH 
4.7 and Sephadex G50 equilibrated with 1% pyridine, The pep- 
tides from valyl-tRNA synthetase were isolated from a tryptic 
digest of the “C-carboxymethylated protein. The digest was sub- 
jected to paper electrophoresis at pH 6.5 and pH 2.1 (see Fig. 2), 
which completely separated the radioactive carboxymethyl- 
cysteine peptides. The peptides were eluted with 1 M ammonia 
and purified to homogeneity by paper chromat$graphy. The pure 
peptides were then analysed after hydrolysis and the yield of 
each calculated. The yield was corrected for losses during puri- 
fication by comparing the amount of radioactivity in each pyre 
peptide with that present in the same peptide in the unfrac- 
tionated digest. The single letter notation used for amino, atids 

is that proposed in ref. 18. è 
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Fig. 2 The distribution of the carboxymethylcysteine 
sequences between the fragments of valyl-tRNA synthetase, 
Enzyme (40 mg in 20 ml of 0.1 M Tris-HCl pH 7.5) was 
incubated with trypsin (1:2500 w/w) at 37° C for 2 h. 
Aliquots were removed at various intervals and subjected to 
polyacrylamide gel electrophoresis in the presence and 
absence of SDS. During incubation the native enzyme was 
split into two fragments with molecular weights of about 
67,000 and 40,000. The digested enzyme was made 2% in 
SDS and 2% in 2-mercaptoethanol, immersed in boiling 
water for 5 min and passed through a column of agarose 
1.5 M equilibrated with 100 mM Tris-HCI, 0.1% SDS and 
10 mM 2-mercaptoethanol. Material from the 67K and 40K 
peaks was pooled and recycled to yield homogeneous pre- 
parations, Samples of the native enzyme, valyl-TF, (67K) 
and valyl-TF, (40K) were reduced and carboxymethylated 
with “C-iodoacetate in 6 M guanidine hydrochloride, 
diested with trypsin (1: 100 w/w) in 0.5% NH,HCO; for 4h 
at 37° C and the soluble peptides subjected to two- 
dimensional mapping by paper electrophoresis. The regions 
of the maps containing the major radioactive peptides from 
each sample are shown. The apparent inhomogeneity of the 
sample is due to considerable overloading of the gels. 
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valyl-TF, (molecular weight 67,000), and the smaller, valyl- 
TF: (molecular weight 40,000), were dissociated and sep- 
arated from one another by gel filtration on columns of 
agarose 1.5 M equilibrated with 0.19% SDS. The amino 
acid analyses show eight half cystines in the native proto- 
mer, four half cystines in the large fragment and three half 
cystines in the small fragment. The three proteins were 
reduced, “C-carboxymethylated, digested with trypsin and 
subjected to two dimensional mapping. Autoradiographs of 
the maps were prepared to identify the carboxymethyl- 
cysteine peptides (Fig. 2). The same radioactive peptides 
stand out in all three maps showing that both fragments 
contain the same carboxymethylcysteine sequences. This 
means that the repeated peptides are distributed between 
widely separated regions of the protomer and that it is 
made up of long repeating units and not short, clustered 
repeats. 

When digested with low concentrations of subtilisin, 
methionyl-tRNA synthetase is converted into a fully active 
fragment which is composed of a single polypeptide chain 
with a molecular weight of about 55,000. Methionine is the 
amino terminus of both the native enzyme and the frag- 
ment, indicating that the trypsin digestion has removed a 
segment of about 100 residues from the C-terminus of the 
native protomer. The differences between the amino acid 
analyses of the native enzyme and the fragment show that 
the excised region contains five lysine and I! arginine 
residues and should therefore yield 17 tryptic peptides. 
Except for the relative intensities of some of the spots, 
however, two-dimensional maps of the tryptic peptides from 
the two proteins display almost complete homology (Fig. 
3). Such a result would be expected if the native protomer 
were composed of two long homologous sequences fused 
end to end, digestion of the excised region from the C- 
terminus having removed one copy of the duplicated pep- 
tides and left the qualitative ‘features of the fingerprint 
unchanged. 


Homology of the repeated sequences 

To find the degree of homology of the repeating units 
and the proportion of each protomer made up by the 
repeating sequences, we tried to determine the number of 
peptides obtained upon trypsin digestion of each protein by 
high resolution mapping. Once again oxidised proteins were 
used since they did not give significant amounts of insoluble 
material after digestion with trypsin, making nearly all of 
the protein amenable to mapping. 

The tryptic digests of the proteins were first fractionated 
by ion-exchange chromatography on a column of Locarte 
L1/5 resin. The peptides were eluted with a linear pH 
gradient, the effluent monitored automatically by the nin- 
hydrin reaction and fractions collected. The fractions con- 
taining the material in each of the ninhydrin-positive peaks 
were pooled, concentrated and each peak subjected to two- 
dimensional mapping by paper electophoresis at pH 6.5 
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Chromatography 


Fig. 3 Two-dimensional maps of the tryptic peptides from 
methionyl-tRNA synthetase and its subtilisin fragment. The 
fragment was prepared from the native enzyme by digestion 
wita subtilisin (1:2500 w/w) in 100 mM Tris-HCl pH 7.5, 
and purified by gel filtration on Sephadex Gi50. Samples 
of the homogeneous fragment and the native enzyme were 
oxidised with performic acid, digested with trypsin (see 
legend to Fig. 1) and the soluble tryptic peptides (over 95% 
of the proteins used) subjected to paper electrophoresis 
(formic acid-acetic acid buffer pH 2) and paper chroma- 
tography (butanol-acetic acid—water-pyridine 30:6:24:20). 
Maps were stained with 1% ninhydrin in acetone. 


and 2.0. The results obtained with methionyl-, valyl- and 
leucyl-tRNA synthetase showed that this procedure 
fractionates the peptides in the digests very well and that the 
chance of low estimates of the number of tryptic peptides 
as a result of coincidence is negligible. Table 4 summarises 
the estimates of the number of tryptic peptides from each 
protein. Table 4 also shows estimates of the number of 
arginine and histidine peptides which were determined from 
two-dimensional maps of the tryptic peptides using the 
specific stains for these residues, Estimates of the number of 
cysteine peptides were obtained from studies on tryptic 
digests of the “C-carboxymethylated proteins. The number 
of carboxymethylcysteine peptides among the soluble 
proteins was determined after fractionation by ion-exchange 
chromatography followed by paper electrophoresis of the 
radioactive fractions (Fig. 4). Two radioactive peaks were 
obtained from methionyl- and leucyl-tRNA synthetase and 
electrophoresis showed that each contained a single radio- 
active peptide. Paper electrophoresis of the single radioactive 
peak obtained from valyl-tRNA synthetase showed two 
radioactive peptides of equal intensity. The recovery of 
radioactivity after ion-exchange chromatography exceeded 
70% of that applied to the column which excludes the 
possibility of significant losses of radioactive peptides during 





Table 4 Estimates of the number of tryptic peptides 


Aminoacyl-tRNA Total peptides Arginine peptides Histidine peptides Cysteine peptides 
synthetase pected* Observed Expected* Observed Expected* Observed Expected* Observed 
Tyrosyl- = 56 45-50 28 22 9 10 2 2 
Methionyl- 80 40-45 34 19 12 6 5 3 
Valyi- 138 50-55 69 32 31 12 8 3 
Leucyl- 113 40-45 47 24 -26 10 6 2-3 





* Calculated from the amino acid analyses shown in Table 2. 


The total number of tryptic peptides obtained from each protein was determined from digests of the oxidised proteins. The soluble 

peptides, comprising over 90% of the protein used for eąch digest, were first fractidnated according to the procedure described in 

Fig. 1. The material in each peak was then subjected to two-dimensional mapping on paper,the peptides stained with ninhydrin and 

the number obtained from all the maps used to estimate the total number of tryptic peptides present in the digest. The number of 

arginine and histidine peptides was estimated by stainink two dimensional maps on paper with o-phenanthroline and diazotised 

sulphanilic acid respectively. Estimates of the number of cysteine-containing peptides were determined from tryptic digests of the 
uC- arboxymethyl proteins (gee Fig. 4). wa 
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fractionation. The insoluble peptides from methionyl-, 
valyl-, and leucyl-tRNA synthetase contained 35%, 20% 
and 5% of the total radioactivity in the carboxymethylated 
proteins, respectively. They were solubilised by digestion 
with thermolysin and subjected to paper electrophoresis. A 
single radioactive peptide was obtained from each of the 
insoluble fractions and comparisons with thermolysin digests 
of the soluble peptides indicated that they were unique. It 
was concluded that there are no more than three cysteine 
sequences in each protein of which only two of the three 
from leucyl-tRNA synthetase can be treated as major pep- 
tides. The minor peptide from leucyl-tRNA synthetase is 


L5f a $ 


10 Met 





A 
= Val 
x 
g 
a, 
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20 40 60 80 100 120 
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Fig. 4 Estimation of the number of cysteine peptides in 
tryptic digests of the enzymes. The proteins were reduced 
and #C-carboxymethylated in 6 M guanidine hydrochloride, 
digested with trypsin and the soluble peptides subjected to 
ion-exchange chromatography under the conditions described 
in Fig. 1, Aliquots of each fraction obtained from the 
column were counted for radioactivity and two-dimensional 
mapping showed that the major radioactive peaks from 
methionyl- and leucyl-tRNA synthetase contained one radio- 
active tryptic peptide each, whereas the major peak from 
valyl-tRNA synthetase arco ea two radioactive tryptic 
peptides. 


probably a noncysteine peptide which was labelled by the: 


rather drastic conditions used to ensure complete labelling. 

It is clear from Table 4 that methionyl,- valyl- and 
leucyl-tRNA synthetase yield substantially fewer tryptic 
peptides than the expected number. In all cases the ob- 
served number is half, or less than half, the expected 
number. It is particularly significant that this applies to the 
histidine and (CM) cysteine peptides since the numbers con- 
cerned are quite small. These data, although of a negative 
nature, strongly suggest that the duplicated regions of these 
protomers are very similar. 


Three lines of evidence E 

Our conclusion that the protomers of methionyl-, valyl- 
and leucyl-tRNA synthetase from B. stearothermophilus 
contain repeated sequences is based on three lines of 
evidence. First, each protomer contained more than pne 
copy of several tryptic peptides. Second, widely separated 
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regions of the protomers contained the same tryptic pep- 
tides. Third, all three protomers yield far fewer tryptic pep- 
tides than expected if they contained unique sequences over 
their entire lengths. Taken together, the data also suggest 
that the repeating units are about half the length of the 
protomers and that the units within each protomer are 
very similar in sequence. 

These models are unusual since they suggest that in each 
case two very similar sequences have become fused to 
yield the functional protomer. Proteins can acquire such 
repeats by incorporating partial or complete duplications of 
their cistrons and some proteins have evidently elongated 
by this process, for example, immunoglobulins”. 

In most of the known cases, however, the sequences of 
the repeating units have subsequently diverged to an extent 
substantially beyond that envisaged for the aminoacyl-tRNA 
synthases which seem to resemble the haptoglobin a, 
chain which is also composed of two virtually identical 
sequences fused through gene duplication and fusion”. It is 
therefore plausible that the same mechanism has generated 
the elongated protomers present in some aminoacyl-tRNA 
synthetases although the possibility of post-transcriptional 
or post-translational fusion cannot be excluded. 

The existence of long duplicated sequences in several of 
the aminoacyl-tRNA synthetases raises the possibility that 
other proteins, especially those with relatively long pro- 
tomers, have elongated in this manner. In fact, there is 
evidence which suggests that rabbit muscle phosphofructo- 
kinase may be one such protein". 

In none of these cases, however, is the functional advan- 
tage of such structures obvious and other information such 
as the folding of the ‘intra-units’ and the distribution of 
active sites between them will probably be necessary to 
clarify this question. One consequence of the existence of 
these structures, however, is that it disposes of the objection 


that the protomers of the aminoacyl-tRNA synthetases 


differ too much in size to have evolved from a common 
precursor, since the basic units of sequence are of com- 
parable length although the physical lengths of the pro- 
tomers are different. 

We thank Dr M. F. Perutz for advice on the preparation 
of the manuscript. Y.B. was the recipient of a travelling 
fellowship from the European Molecular Biology Organi- 
sation. 
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Direct measurement of electric current 
generation by cytochrome oxidase, 
H -ATPase and bacteriorhodopsin. 


L. A. Drachev, A. A. Jasaitis, A. D. Kaulen A. A. Kondrashin, E. A. Liberman, 
I. B. Nemecek, S. A. Ostroumov, A. Yu. Semenov and V. P. Skulachey 


Department of Bioenergetics, Laboratory of Bioorganic Chemistry Moscow State University; 
Institute of Problems of Information Transmission, USSR Academy of Sciences, Moscow, USSR 


SUMMARY. A method for association of proteoli- 
posomes with planar phospholipid membrane has been 
elaborated, by which operation of molecular electric 
generators, such as cytochrome oxidase, H*-ATPase and 
bacteriorhodopsin, can be followed using ordinary 
electrometer techniques. 





Tae existence of molecular electric generators in mitochondrial, - 


chloroplast and bacterial membranes was postulated by 
Mitchell- in 1966 who proposed that enzymes of respiratory 
and photosynthetic redox chains and ATPases localised in these 
membranes catalyse transmembraneous movement of electrons 
or protons against the electric gradient. As a result, the mem- 
branes should charge like a condenser and electrical energy 
accumulated in this way might be utilised for ATP synthesis 
or osmotic work. 

This hypothesis is difficult to verify by direct methods 
because of the small size of intracellular organelles and bac- 
terial cells and the complexity of the enzymic and ion transport 


processes occurring in these systems. To detect the electric ` 


membrane potential in organelles and bacteria, therefore, 
some indirect methods were developed, such as measurement of 
electrophoretic transport of penetrating tons, and the electro- 
chromic shifts of carotenoid and ‘chlorophyll spectra**. In 
this laboratory, the direct measurement of electromotive force 
(e.m.f.), produced by one of the molecular electric generators, 
(bacteriorhodopsin) has been accomplished*®. Halobacterium 
halobium membrane sheets containing bacteriorhodopsin as 
the only protein’ were mixed with a decane solution of phos- 
pholipids. The mixture was used to form a planar artificial 
membrane onto the aperture in the Teflon septum separating 
two electrolyte solutions. Hlumination of the bacteriorhodopsin- 
containing membrane was found to induce generation of a 
transmembrane electric potential difference which was mea- 
sured by a sensitive voltmeter. All attempts to use the same 
procedure for making planar phospholipid membrane containing 
cytochrome oxidase and mitocondrial proton-translocating 
ATPase (H +-ATPase) failed, however. 


Direct measurement 

Further experiments yielded a more universal method of 
direct measurement of the generation of an electric charge by 
membraneous proteins. The principle of this method i$ that, 
firstly, the protein is incorporated into the liposome membrane 
according to procedure of Racker and associates!°22” which 
includes mixing cholate solution of a phospholipid and protein 
and removal of cholate by means of dialysis. Then, the resulting 


proteoliposomes are brought into contact with the planar 
phospholipid membrane. To induce fusion of the planar and 
proteoliposomal membranes, the negative surface charges of 
phospholipids are neutralised by Ca?*+ ions. As voltmeter 
measurements showed, cytochrome oxidase, H+t-ATPase 
and bacteriorhodopsin, integrated with planar membrane in 
such a fashion, can generate a transmembrane electric potential 
difference at the expense of ascorbate — O, electron transfer, 
ATP hydrolysis and light energy, respectively. 

Cytochrome oxidase was purified after the method of 
Yonetani!? coupling factor F' after Horstman and Racker", 
ATPase hydrophobic proteins after Kagawa and Racker’, 
and bacteriorhopsin membrane sheets after Oesterhelt and 
Stoeckenius*®. For the procedure of the cytochrome oxidase 
and ATPase proteoliposome preparations, see ref. 16; for 
bacteriorhodopsin proteoliposomes, see ref. 17. 

Electric potential difference across the planar membrane 
was measured with Ag/AgCl electrodes connected with the 
RFT VA J-S1i vibrating capacitor electrometer and KSP-4 
recorder. Planar phospholipid membrane was made of soya 
bean phospholipids (azolectin) solution in decane (70 mg 
azolectin per ml decane). The azolectin solution was applied 
to a 1 mm aperture in the Teflon septum which separated the 
experimental vessel into two compartments containing incuba- 
tion mixture. After the planar membrane was formed, pro- 
teoliposomes were added into one of the compartments. In 
the 15-30 min required for the proteolipsomes to become 
associated with the planar membrane, an energy source was 
introduced and the membrane potential was measured. 


Proteoliposome systems 
The data of a typical experiment with cytochrome oxidase 
proteoliposomes are given in Fig. 1. As shown in Fig. la, 
ascorbate addition to the compartment, containing cytochrome 
oxidase proteoliposomes and cytochrome c, results in the 
formation of an electric potential difference across the planar 
membrane (plus in the compartment with proteoliposomes). 
Cyanide reverses the effect when added after ascorbate. In the 
experiment shown in Fig. 14, ascorbate (— cytochrome o) 
and proteoliposomes were added to the two different compart- 
ments. In this case, no membrane potential was formed until 
the mixture was supplemented with a penetrating hydrogen 
atom carrier, phenazine methosulphate (PMS). Direction of the 
field was the same as in the preceding experiment. An electric 
potential of opposite polarity (minus on the proteoliposome 
side) was generated when cytochrome oxidase proteoliposomes 
containing cytochrome c inside were used. Again, PMS was 
found to be necessary (not shown in Fig. 1). 

sIn Fig. 1c the result of the experiment with ATPase proteo- 
lip@somes is demonstrated. The addjtion of ATP to the com- 
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Fig.1 Generation of transmembrane electric potential differen- 
ces by cytochrome oxidase (a, b), H+x-ATPase (c) and bacterio- 
rhodopsin (d), a, Incubation mixture: 0.3 M sucrose, 35 mM 
Tris-citrate (pH = 7.2), 30 mM CaCl,,'5 mM MgSog, 1 x 10“ 
M cytochrome c. One of compartments was supplemented with 
cytochrome oxidase proteoliposomes (0.3 mg protein ml". 
Additions: 10 mM ascorbate (added in the same compartment 
as proteolipsomes), 1 mM. NaCN (added in both compartments) 
Planar membrane resistance (R) 1.5 x 10*° ohm, current at 
maximal potential difference (1) 5 x 10"? A. b, Incubation 
mixture: 0.2 M sucrose, 0.05 M Tris-HCI] (pH = 7.2), 30 mM 
CaCi2, 7 x 10° M cytochrome c. One of compartments con- 
tained cytochrome oxidase proteoliposomes (0.25 mg protein 
ml), Additions in the proteoliposome-free compartment: 
5mM. ascorbate, 1.5 x 10° M PSM, in both compartments: 
1.5 x 103M NaCN. R = 1 x 10! ohm, I= 2 x 10% A. c, 
Incubation mixture: 0.3 M sucrose, 5 mM Tri$-citrate (pH = 
7.2), 30 mM CaCl, 5 mM MgSO.. One of*compartments 
contained ATPase proteoliposomes (0.3,mg protein mi~). Addi- 
tions: 2.5 mM ATP, oligomycin (30 pg ml"). R = 1 x 10” ohm, 


1 = 1.8 x 10? A. d, Incubation mixture: 0.2 M sucrose, e 


5 mM Tris-HCI (pH = 7.2), 30 mM CaCl, and in one of 
compartments, bacteriorhodopsin Pigeon (0.2 mg’ 
protein ml). R = %x 10” ohm, I = 7.5 1077 A. 
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partment with proteoliposomes gives rise to the formation of 
electric potential difference (minus on the proteoliposome side). 
Oligomycin reverses the ATP action. 

Figure 1d illustrates the light-induced generation of an 
electric field by bacteriorhodopsin proteoliposomes. In this 
case, minus was on the proteoliposome side. In the dark, the 
membrane potential dissipated. 

In all cases, addition of a protonophorous uncoupler, 
trichlorocarbonylcyanidephenylhydrazone (2 X 1077 M) or the 
shunting of the planar membrane by an external resistance 
greatly decreased the above responses, and accelerated their 
dissipation when no more energy was supplied. 

The magnitudes of the membrane potential vary depending on 
the conditions and quality of proteoliposomes. The maximal 
potential values for cytochrome oxidase were ~ 110 mV, for 
bacteriorhodopsin ~ 150 mV. In the ATPase experiments, 
the membrane potentials were always lower, and more time 
was required for the proteoliposomes and planar membrane 
to fuse, the fact which may be due to the complex profile of 
the ATPase proteoliposome surface covered with the F, knobs. 


Electrical response | 

The bacteriorhodopsin system has proved to be the most con- 
venient experimental model, because the responses were large, 
steady and easily reproducible. This system was studied in 
some detail. In particular, the change of the photoeffect as the 
function of the potential difference generated across the planar 
membrane by an external source (AVex+) has been measured. 
It was found (Fig. 2) that AVext of the same sign as that of the 
photo e.m.f. decreases, and of opposite sign increases, the 
light-induced response. At a certain AVex:, the photoeffect 
becomes equal to zero. In these conditions, AVext should be 
equal to the bacteriorhodopsin photo e.m.f. if all bacteriorho- 
dopsin generators have the same orientation. Photo e.m.f. 
should be higher than this value if some of generators. are 
oriented in the opposite direction to the majority. According 
to Fig. 2, bacteriorhodopsin photo e.m.f. is > 300 mV. 

It seems most probable that these electrical responses are 
due to proteoliposomes attached to the surface of the planar 
phospholipidm embrane. As shown previously**!*, the 
addition of Ca®+ induces the fusion of two planar phospholipid 
membranes resulting in the formation of an electrical contact 
between the membranes and a local decrease in the electrical 
resistance. . 

The fusion of proteoliposomes with planar membrane seems 
to be irreversible. In fact, experiments with the bacteriorhodop- 
sin system showed that the photoeffect, if it appears, is retained 
after a solution without proteoliposome is substituted for the 
proteoliposome-containing mixture. 





Fig. 2 Relationship between the bacteriorohodopsin-mediated 

photo effect and external AV. Incubation mixture: 0.3 M 

sucrose, 0.09 M (NHy,),SO*4, 5 mM Tris-HCl (pH = 7, 2), 

bacteriorhodopsin proteolipsomes in one of compartments 
(0.1 mg protein ml). 
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Proteoliposomal! and planar membrane fusion 

The schemes for fusion of proteoliposomal and planar mem- 
-branes are given in Fig. 3. Figure 34 indicates that cytochrome 
oxidase proteoliposome, associated with a planar membrane, 
carries out electron transfer from the extraproteoliposomal 
ascorbate to the intraproteoliposomal oxygen. 

As a result, the proteoliposome interior charges negatively. 
H+ ions or other cations of the proteoliposome interior move 
(down the electric gradient) across the proteoliposome mem- 
brane from the same compartment (where the proteoliposomes 
are), or, alternatively, from the opposite compartment situated 
on the other side of the planar membrane (Fig. 3, dotted lines). 
The latter situation should give rise to the formation of an 
electric potential difference across the planar membrane, 
namely, positive charging of the proteoliposome-containing 
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Fig. 3 Schemes illustrating interaction of the proteoliposomes 
(PL) with the planar membrane (PM). A, Cytochrome oxidase 
proteolipsomes with cytochrome c outside. a, a, and c— 
corresponding cytochromes; B, bacteriorhodopsin (BR) *pro- 
teolipsomes; C, equivalent scheme for estimation of e.m.f. of 
the molecular electric generators. a, External battery; 6,* volt- 
meter; c, planar membrane resistance; d, molecular e.m.f. 
generator; e, proteoliposome resistance; f, resistance of fusion 
region. 
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compartment and negative charging of the opposite compart- 
ment. In agreement with this scheme, experiments on the 
proteoliposomes of different types showed that the proteolipo- 
some-free compartment always charges like the proteoliposome 
interior. In fact, cytochrome oxidase proteoliposomes with 
cytochrome c inside, ATPase proteoliposomes and bacterio- 
rhodopsin proteoliposomes generate positive charges, whereas 
the cytochrome oxidase proteoliposomes with cytochrome 
c outside generate negative charges in their interior!®7. The 
first three types of proteoliposomes charge the proteoliposome- 
free compartment positively, and the last charge it negatively. 

The scheme given in Fig. 34 also explains why phenazine 
methosulphate is required for membrane potential to be sup- 
ported by oxidation of ascorbate added into the proteolipo- 
some-free compartment. Planar phospholipid membrane is 
impermeable to ascorbate (shown by special experiments) so 
reducing equivalents cannot reach cytochrome oxidase, if 
proteoliposomes and ascorbate are in different compartments, 
until a lipid-soluble hydrogen atom carrier is added (see Fig. 14). 

An important prediction of the scheme illustrated in Fig. 3.4 
is the inefficiency of cytochrome oxidases localised in the 
region of fusion of the proteoliposome with the planar mem- 
brane. According to the procedure used in the cytochrome 
oxidase experiments, cytochrome c was added several minutes 
later than proteoliposomes, so that the fusion preceded the 
reconstitution of the cytochrome a-cytochrome c complex. 
Moreover, ascorbate concentration should be very low in the 
fusion region because of hydrophilic properties of this com- 
pound. Low membrane permeability for ATP and H+ can be 
responsible for ineffectiveness of ATPase and bacteriorhodop- 
sin molecules in the fusion region, respectively. 

In the reconstitution of proteoliposomes, transmembrane 
orientation of proteins may be of two opposite directions. To 
actuate the systems oriented in one of these directions, non- 
penetrating substrates or catalytic factors may be used: 
ascorbate and cytochrome c in the case of cytochrome oxidase 
proteoliposomes; ATP and factor F, in the case of ATPase 
proteoliposomes. Asymmetric reconstitution of the bacteriorho- 
dopsin proteoliposomes (Fig. 3B) may be a result of the 
difference in areas of the inner and outer surfaces of the 
vesicles (for discussion, see ref. 17). 

In Fig. 3C, the equivalent electric scheme of the experiment 
on estimation of the e.m.f. of the molecular electric generators 
is given. 
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Evidence from isolated smooth muscle cells in rigor 
indicates that the contractile elements are grouped 
into separate fibrils or ‘contractile units’ arranged 
obliquely with respect to the cell axis. 





From X-ray diffraction studies'’ of living vertebrate smooth 
muscle, the presence of myosin filaments during both 
relaxation and contraction is generally accepted but the 
form and arrangement of these filaments within the cell 
is far from settled. This latter dilemma arises because the 
appearance of the contractile apparatus as observed in 
electron microscope studies of whole muscle is extremely 
variable", a situation which derives mainly from the 
marked lability of the myosin-containing filaments under 
conditions of chemical fixation. 

Another approach to the problem of smooth muscle 
structure was suggested by the demonstration? that viable 
smooth muscle cells which retain their spindle-like shape 
may be.separated from toad stomach by conventional cell 
separation methods, utilising collagenase and trypsin. These 
cells were shown to contract on electrical stimulation'*!’. 
If model cells could be produced from such preparations, 
corresponding to isolated myofibrils from striated muscle, 
whose ability to contract could be controlled through the 
external environment, then the contractile apparatus should 
be more accessible to both fine structural and biochemical 
studies. The same sort of approach has been particularly 
fruitful in investigations of nonmuscular motile systems”, 

With this object in mind, experiments were carried out 
to develop methods for the preparation of cells from 
smooth muscles such as chick gizzard, guinea pig taenia coli 
and guinea pig vas deferens which have already been the 
subject of several ultrastructural and biochemical investi- 
gations. The results from the first stage of this study are 
summarised in the present report. They show that under 
conditions whereby the cell membrane is made permeable, 
either through the cell dispersion process itself, by treat- 
ment with the nonionic detergent Triton X-100 or by 
plycerination, a very regular organisation of obliquely 
arranged birefringent fibrils is seen in the light microscope. 
From the ability of such cells to contract in the presence 
of ATP it is proposed that these fibrils represent the 
elemental ‘contractile units’ of the vertebrate smooth 
muscle cell. 


The fibrils 

Gizzards from chicks 2-3 weeks old; were thinly sliced 
and then diced into small pieces in Solution 1, a modified 
Hanks solution (NaCl, 137; KCl, 5; NasHPOs, 1.1; 
KH2PO,, 0.4; NaHCOs, 4 and glucose, 5.5 mM, respectively; 
Mg” and Ca* ions absent) buffered additionally with 
PIPES 5 mM (pH 7.1 — 7.4) and with added EGTA (2 mM). 
(The effect of EGTA was two fold: it acted first as & 
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relaxant so that cells could be obtained at an extended 
length and second as an effective pretreatment for sub- 
sequent cell dispersion by collagenase”.) In some experi- 
ments EGTA was replaced by hyoscine (10€ g mi“). After 
2-4 h at room temperature the muscle pieces were then trans- 
ferred to 10-20 ml of a solution containing 1 mg ml col- 
lagenase (Worthington CLS or Sigma type I) of the same 
composition as above except that EGTA and phosphate were 
omitted and CaCl, (5 mM) added to activate the enzyme. 
With slow stirring at 37° C up to three cell collections were 
made at 1 h intervals, fresh reaction solution being added to 
the muscle pieces after each harvest. The cells were gently 
pelleted and washed and stored in Solution 1. 

In the light microscope these preparations showed a 
mixture of whole cells and cell fragments (Fig. 1a). The 
striking feature of both of these components was that they 
nearly all exhibited, in phase contrast, a regular criss-cross 
pattern of fine fibrils within the cytoplasm (Fig. 2a). The 
fibrils normally averaged about 0.4 „m in width (range 
0.3 — 0.5 um) with an average separation between parallel 
neighbours of about 0.9 »m (range 0.8 — 1.1 pm). 

Evidently, for the cell fragments, the intracellular 
contents were in direct contact with the bathing medium and 
from the following observations it was concluded that the 
whole cells had also been rendered permeable by the 
separation procedure. The intense reddish colour of gizzard 
which is due predominantly to an intracellular pigment and 
not to the vasculature supplying this tissue, is gradually 
lost from the muscle pieces and is absent from pellets of 
the isolated cells. In addition, placing the cells in solutions 
of widely varying osmolarities caused no change in their 


' dimensions. These general conclusions about the permeability 


of gizzard cells isolated with collagenase are consistent 
with the recent results of Kominz and Gréschel-Stewart”. 

In conditions for which the sarcolemma is disrupted 
and ATP and other soluble components lost from the cell, 
striated muscle adopts the well known ‘rigor’ state in which 
myosin crossbridges are firmly bound to actin”. That the 
cells from gizzard had adopted a similar rigor-like state was 
confirmed by unsuccessful attempts to stimulate them with 
a microelectrode (experiments carried out in collaboration 
with Dr R. Purves). Pushing the cells along with the 
microelectrode tip revealed that they were extremely stiff, 
rigid structures. 

Among the various other methods tried, glycerinated 
gizzard pieces (immersed in 50% glycerol, 80 mM KCI, 
5mM PIPES, pH 6.5 with or without 0.5 mM dithiothreitol 
and stored at —20° C for 4-6 weeks) were dissociated in 
the same manner as described above for fresh muscle. 
Such experiments yielded, by comparison with fresh 
muscle, a rather low proportion of ‘intact’ cells. These cells 
however, showed the same regular fibrillar pattern a 
illustrated in Fig. 2. 

In general, the mitochondria and nuclei in the gizzar 
myofibrils were rather swollen and sometimes part! 
obscured the fibrillar organisation. These organelles coul 
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» 
5) b, cells separated from 


extended taenia coli muscle (0.02°,, Triton X~100); average cell length 450 um ( x 218); c, cells separated from short tavsia vol 
muscle (0.02% Triton X~100), average cell length 115 um x 297). 


however, be removed by brief treatment of the cells with 
.the nonionic detergent Triton X-100 (0.1% (v/v) in Solution 
1) to yield ‘clean’ cells showing only the presence of the 
fine fibrils (Fig. 2b). 

For adult guinea pig taenia coli and vas deferens, a 
different result was obtained when using essentially the 
same procedure for these muscles as employed for fresh 
gizzard. Collagenase treatment (carried out by necessity 
in the presence of Ca) caused the cells in these muscles 
to shorten, and, if the treatment was long enough, to round 
up. Such shortened cells could then be grown successfully 
in tissue culture indicating that, in contrast to the gizzard 
cells, their membranes had not been ruptured by the 
separation procedure. But because of their short and 
irregular form, these cells were unsuitable for structural 
studies. 


Rupture of cell membranes 

As one means of obtaining cells at their in situ length, 
methods were employed to deliberately rupture the cell 
membranes before or during collagenase treatment on the 
assumption that this would induce them directly into a 
rigor-like state, comparable to that found for gizzard. This 
was most readily achieved by the addition of Triton X~-100 
during incubation of the muscle in collagenase. Of the 
various concentrations tried, the most suitable were found 
to be 0.01 ~ 0.03% (v/v) for taenia coli and 0.1% (v/v) 
for vas deferens. It was also found more satisfactory to 
leave these muscles intact and tie them at the desired 
length to plastic plates during processing in collagenase. 
After collagenase treatment and after transfer to Solution 
1, the cells could be teased from the muscle with fine 
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Fig. 2 Cells from chick gizzard (Phase contrast) a, cell at high mggnification showing obliquely orien 


needles. A more detailed account of the various method» 
used will be described elsewhere. 

The type of preparation obtained in this way from taenia 
coli muscles extended to their maximal length ın the 
presence of EGTA is shown in Fig. 1b. The cells are very 
long, straight and spindle-shaped and, although not visible 
in this micrograph, their nuclei are intact. The extended 
length of cells from taenia coli averaged 450 >m (77 
cells—range 320-570 ym) with a corresponding nuclear 
length of between 30 #m and 50 um. 

At relatively low magnifications with phase contrast 
microscopy ( X 300- X 500), the cell cytoplasm appears essen- 
tially homogeneous but using a X100 oil immersion objec- 
tive (total magnification about X1250) a regular fibrillar 
pattern is clearly resolved. Observation by polarisation 
optics showed the fibrils to be strongly birefringent and in 
these conditions they are most clearly demonstrated (Figs 3¢ 
and 4). 

The average width of the fibrils was about 0.3 »m (range 
0.26-0.39 »m) and the centre-to-centre separation between 
parallel neighbours about 0.5 um (range 0.45-0.58 um). No 
abrupt discontinuities such as banding could be detected 
along a single fibril. 

Taenia coli strips shorten spontaneously at 37° C in a 
normal balanced salt solution or in a similar medium such 
as used here for collagenase digestion. Treatment of such 
strips with collagenase together with Triton X-100 as above 
yields shortened cells (Fig. Ic). The average length of these 
shortened cells was about 115 sm (100 cells--range 
65-160 «m). In these cells the fine fibrils were seen to be 
considerably more oblique (Fig. 3, a and b forming 
angles up to about 24° (at about 115 um) with respect to the 
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ted fibrils within the 


cytoplasm ( x 1246); b, gizzard cell from a preparation treated add'tionally with Triton X100 (see text), again showing the 
fibrils ( x 774). ə : 
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Fig. 3b and c, short cell from taenia coli (from a preparation such as shown in Fig. Ic). The cell length is about 90 wm. The 

fibrils are considerably more oblique with respect to the cell axis as compared to the extended cells (Figs 3a and Fig. 4). 

Polarisation optics and phase contrast respectively (x 1970). c, Part of an extended taenia coil cell (from a preparation such 

as shown in Fig. 1b) observed with polarisation optics. The fibrils are birefringent and subtend angles up to about 5° with 
respect to cell axis (x 2340). 


cell axis, as compared to about 5° in the extended cells (Fig. 
3c) ). Cells could also be found which had contracted to as 
short as about 35 wm. These supercontracted cells had an 
irregular outline and their fibrils subtended angles up to 
40° with respect to the cell axis. Cells from the vas deferens 
contained fibrils of similar dimensions to those observed 
in the taenia coli cells. 

By comparison with the taenia coli and vas deferens, the 
fibrillar pattern in the gizzard cells was as already indica- 
ted, normally rather coarse and could be recognised at quite 
low optical magnifications. It was, however, not uncommon 
to find cells with a much finer fibrillar lattice with fibrils 
having a similar width to those observed in the taenia coli 
muscle. Some variation in fibril width was also recognised, 
but to a lesser extent, in cells from the taenia coli and vas 
deferens. The reason for these differences is at present un- 
known, but indicates that some subdivision or association 
of fibrils can occur. 


Response to ATP 

Efforts to cause gizzard and taenia coli cells to contract 
showed that they were capable of shortening in the pres- 
ence of ATP. Cells suspended under a coverslip in 80 mM 
KCI, 4 mM MgCl, 5 mM PIPES, pH 6.5-6.8, could be 
induced to contract by the addition of 0.1-4 mM ATP in 
the same buffer to the coverslip edge. 

The cells reacted to ATP by slowly shortening over a 
variable time period, but which was at the shortest in the 
order of about 1 min. Cells from taenia coli shortened to 
an average length of about 65 wm (40 cells, range 
40-100 xm). 

The changes in appearance of the cells that accom- 
panied contraction as seen under phase contrast conditions 
were slightly variable and for taenia coli, two different re- 
sponses could be recognised. In one case the initiation of 
contraction was accompanied by a roughening of the cell, 
apparently on its surface. Although this reughening effect 
tended to mask the internal details qf the cell it seemed that 
there was also an associated change in the fibrils such that 
they could no longer be recognised, a situation which i 
sisted throughout contraction. 

In the second case, ATP caused” a slight swelling of the 


cells, followed by slow shortening. In this situation the 
fibrils were seen to disperse and the cells became rather 
transparent. Roughening of the cell outline occurred as the 
cells approached their shortest length. For the gizzard prep- 
arations, the response was of the latter type described for 
taenia coli. After shortening had ceased, cells could then be 
found in which firils were again clearly visible and which 
then showed a considerable obliqueness with respect to the 
cell axis (that is, as in Fig. 3a and b}. 

In some cases, particularly with gizzard, the addition of 
ATP did not always produce contraction. With several 
preparations ATP addition caused some, or all, of the cells 
to swell up or to completely dissolve. Possible reasons for 
this variable response are the subject of further investiga- 
tions. Of additional interest was that the inclusion of 
EGTA (2 mM) in the ATP-testing medium to chelate any 
contaminating calcium did not affect contraction in any 
way. This suggested that the Ca** regulatory mechanism of 
vertebrate smooth muscle (R. D. Bremel and A. Sobieszek, 
M. K. Reedy, unpublished), had been lost or rendered in- 
effective during the cell preparation procedure. 


Relaxed cells 

By the use of ATP (0.5 mM) instead of Triton in the 
collagenase medium, extended cells were obtained from 
taenia coli which were similar in general appearance to the 
cells obtained from toad stomach by Bagby et al.'® and 
Fay and Delise”’, being smoothly curved along most of 
their length. From their observed movement on a slide in 
a stream of bathing medium, these cells were seen to be 
very flexible, in contrast to their rigid counterparts obtained 
with Triton. Furthermore, they were found to shorten im- 
mediately on transfer from the EGTA-containing medium 
(Solution 1) to one in which EGTA was replaced by Ca”. 
This shortening could, alternatively, be observed under the 
microscope by the addition of the medium containing Ca™ 
to the coverslip edge. 

From these findings it was apparent that the cells ob- 
tained with ATP were essentially intact and could be con 
sidered, in the absence of Ca”, to be in a ‘relaxed’ state 
(The effects of ATP and calcium in this instance will t 
considered in detail elsewhere). 
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Under phase contrast oriwith polarisation optics, fibrils 
could not be recognised in these relaxed cells, neither could 
they be observed under phase contrast during contraction 
with Ca”, 


The contractile apparatus 

The present results represent the first demonstration in 
the light microscope of a’ regular fibrillar organisation 
within the vertebrate smooth muscle cell. Fibrils of similar 
dimension were often described in the early literature on 
smooth muscle- but were ‘not seen to form any regular 
pattern within the cell. It is not unlikely that what the early 
histologists observed was a distorted arrangement of the 
fibrils described here. 

From the ability of the cells to contract with ATP it 
is clear that the presence of the fibrils is not artifactual but 
represents a significant state of the contractile apparatus. 
As already indicated this state may be considered as essen- 
tially equivalent to rigor in striated muscle. In a very recent 
study, Kominz and Groschel-Stewart’, using a similar tech- 
nique, obtained isolated cells from gizzard which, by the 
use of an ‘electric-sizing technique’ were also shown to 
contract with ATP. But these authors did not report the 
presence of fibrils within the cells. 

The most reasonable interpretation of the fibrillar pattern 
is that it reflects directly the gross organisation of the con- 
tractilé apparatus. Thus, the contractile elements (the thick 
and thin filaments etc) are considered as being grouped into 
fibrillar units, that is the fibrils, within the cell. Further- 
more, as there was no evidence. for interconnections between 
the fibrils, it is most likely ‘that each fibril represents a 
separate contractile unit, presumably attached at either end 
to the cell surface. These units are arranged obliquely 
across the cell and contraction is achieved by a shortening 
of the fibrils, which themselves, as a result of shortening, 
become progressively more angled with respect to the cell 
axis. Such changes in fibril orientation are fully consistent 
with the known decrease in birefringence of smooth muscle 
on shortening” and with the noted disorientation of myo- 
filaments in the shortened cell". 

The changes that occur when:cells pass from rigor to the 
contracting state and which lead to a loss in visibility of the 
fibrils, clearly involve changes within the fibrils themselves. 
Myofibrils obtained from glycerinated striated muscle tend 
to swell when passing from rigor to the relaxed state®. A 
similar swelling response to ATP would cause the fibrils 
here to become both Jess refractile as well as closer neigh- 





Fig. 4 A group of extended taenia coli cells (as in Fig. 3a) 
showing the fibrils. Polarisation optics ( x 1162). 
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bours, changes which could render them undetectable by 
light microscopy. From the results on ‘relaxed cells’ it is 
presumed that rather smaller changes occur in fibril dimen- 
sions between relaxation and contraction. 

I suggest that the results presented here represent a signifi- 
cant step towards elucidating the organisation of the con- 
tractile apparatus of vertebrate smooth muscle. There is 
now strong evidence for an ordered grouping of the con- 
tractile elements into separate contractile units. On this 
basis, the problem of the mode of contraction in this muscle 
type reduces, in the first instance, to that for an individual 
fibril. Continuing studies are being aimed at further defining 
the functional significance of the fibrils and their detailed 
structural organisation. 

I thank Professor G. Burnstock for providing the facilities 
for this research and thank him and Drs G. Campbell and 
A. Sobieszek for discussion and criticism of the manuscript. 
I thank Miss J. McConnell for assistance with tissue cultures, 
Mr B. Pump for photography and Mrs G. Liddell for typing. 
The author acknowledges the generous support of the Dan- 
ish Science Research Council and the Zoology Department 
for travelling expenses. This work was supported in part by 
funds from the National Heart Foundation of Australia 
and the Australian Research Grants Committee. 


Received October 1, 1973; revised January 10, 1974. 


Note added in proof: By Triton treatment, in the presence 
of dithiothreitol, of ‘relaxed’ cells from taenia coli (pro- 
duced with ATP) cells may be obtained which exhibit the 
same fibrillar organisation as cells rupture during collagenase 
treatment and which, further, show sensitivity to Ca™ ion for 
contraction. 
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Relative-distance Machian theories — . 
MAacn’s principle, in essence, requires that the dynamical law 
of the Universe be expressed ultimately in terms only of the 
relative distances between the observable entities in the universe. 
Here I propose a general framework for constructing theories 
that satisfy this postulate automatically. A simple model shows 
how the Newtonian world picture can be satisfactorily ‘Machian- 
ised.” In principle, one could attempt to Machianise the post- 
1905 world picture along similar lines. 

The key Kinematic concept is the relative configuration 
space (RCS) of the Universe. If, as in Newtonian theory, the 
Universe is assumed to consist of N particles in a fixed three- 
dimensional Euclidean space, the points of the RCS (the 
Newtonian RCS) are all the distinct relative configurations of 
these N particles. Many other RCSs are conceivable. For 
example, the points of an RCS could be all distinct three- 
geometries, and the RCS would then be the  ‘superspace’ 
familiar in general relativity. The general framework is not, 
therefore, tied to pre-1905 physics. 


A kinematical history of the Universe (or RCS curve) is ~ 


any continuous curve in the RCS. On any such curve, each point 
‘defines an ‘instant of time’ in the given history; the unfolding of 
time is but the fact of the universe’s moving along some RCS 
curve (Leibniz’s concept of time). Note that time — and there- 
fore the possibility of defining relative velocities — is derived 
from within the RCS; note also the emphasis that is placed 
on the motion of the Universe as a whole. 

If the dynamical law of the Universe is expressed solely in 
terms of elements taken from within the RCS, the theory 
must be Machian by construction. This is the general criterion 
that a Machian dynamics must satisfy. One possibility of 
realising such a dynamics is to seek a variational principle that 
contains only allowed kinematical elements and makes actually 
- realised RCS curves extremal compared with neighbouring 
kinematically allowed curves. The initial conditions are specified 
by the direction of the RCS curve at a given point of the RCS. 
Boundary conditions do not arise. 

In the case of the Newtonian RCS, space will play a geo- 
metrical but not dynamical role (in contrast to Newtonian 
mechanics). In a theory in which three-geometries constitute 
the points of the RCS, a Machian dynamics would automatically 
entail a variable three-geometry that unfolds in accordance with 
a Machian law. In this case, it would be more appropriate to 
speak of a relative-configuration (rather than relative-distance) 
Machian theory. Such an approach is not identical to the 
superspace approach to general relativity, in which it is assumed 
a priori that a sequence of three-geometries ‘stacks’ into a four- 
dimensional Riemannian space’. I see here the extraneous 
element (not taken from within the RCS) responsible for 
general relativity’s failure to give an entirely satisfactory 
account of inertia. 

It seems difficult to reconcile the universal Ame defined here 
with the local time of special relatwity. But the flat-space 
approach to general relativity? has shown how the a priori 
assumed kinematical elements of a theory can, in fact, be 
rendered inobservable when a dynamical law of gravitatign is 
imposed on a prescribed kinematical structuge. In principle, 


something similar could happen here — a dynamical law, perhaps 
in conjunction with a particular class of plausible initial 
conditions, could lead to a dynamics in which only a local time 
can in fact be observed. The present approach reverses the 
priorities that Einstein had in mind when constructing general 
relativity. Instead of requiring special relativity to hold in the 
small under all conceivable circumstances in all possible uni- 
verses (and hoping that this can somehow be reconciled with 
Mach’s principle wa the equivalence principle), the aim here 
is to construct theories that are Machian of necessity and 
then to see if any of these give rise to special relativity in the 
small in universes like ours. 

In the case of a Newtonian RCS with N point particles 
i = 1,..., N of mass m; (an intrinsic number associated with 
each particle; Xm; = M), the obvious allowed kinematical 
elements are the relative distances rj;() between all pairs ; and j 
of particles, and their derivatives rj; = drjj/dA with respect 
to an arbitrary time parameter à along the RCS curve. The 
simplest nontrivial gravito-inertial dynamics is then defined by 
the Lagrange function 


L = wT (1) 
where 
=( 5 mimjrij®)? Tl lhaa N 
i<j 
y= 2 mmjirij 
i<j 


Equation (1) has a product form to ensure that Lda is inde- 
pendent of the time parameter (a sum like (y + I)dA would 
not be A-independent). 

The equations of motion deduced from (1) in three dimen- 
sions are too complicated to be readily comprehensible. Simple 
equations are obtained in one dimension by introducing 
Cartesian coordinates, whose origin may execute any suitably 
continuous motion whatsoever relative to the particles in their 
one-dimensional universe. The resulting Euler-Lagrange equa- 
tions will describe the uniquely determined relative motion 


(which is all that is observable) in terms of the arbitrarily 


chosen coordinate system. Let x;{1.) be the coordinate of particle 
i; then L becomes 


L = wlZ mum; (x)? — 2xjxj + x7)? (2) 
i<j 
and the Euler-Lagrange equations 
d 
= 6x3) = LJ? 
z @Lfðx) = BL/Ax1 


are 


oe — xj) i 
dÀ 


a m)— Anys rey 
da © pi Ox; 


We can now specialise both À, taking 
dà =ds =( È mrmgdry) $ 
t <j 
and the coordinate system, taking it such that 
Emx; = 0 (here dA = ds) 
In these special frames, which are distinguished by the uniquely 
determined relative motion, the equations of motion simplify to 
d Ow 

. M ay (ymixi) = Py (3) 
If only a few particles are present in the Universe, equations (3) 
clearly lead to motion that is very different from the Newtonian. 
On the other hand, in an environment broadly similar to ours 
(very many stars distributed uniformly over a large region), y 


ie. Ds], 
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will be effectively constant and s will be indistinguishable from 
Newtonian time. Then equation (3) becomes 

mı dxdt = (1/M y)? y/ex; (4) 
where y = 1/M y is a ‘gravitational constant’ that is determined 
by the actual distribution of matter in the Universe. A different 
model (in preparation) turns out to have more interesting 
properties, so I shall not attempt to estimate y here. In the 
neighbourhood of the Sun, say, the motion predicted by equa- 
tion (4) is essentially indistinguishable from the Newtonian if y 
has the correct value. 

This model is, I believe, interesting for several reasons. 
First, it explains inertia (resistance of a body to rectilinear 
acceleration relative to the remaining bodies in the Universe) 
solely in terms of relative distances and relative velocities and 
demonstrates that a complete dynamics can be expressed in 
such terms. For the discussion of how Mach’s principle should 
be implemented, this may be important, for Einstein, in parti- 
cular, doubted whether the Newtonian world picture could be 
Machianised in this manner’. It is particularly satisfying that 
preferred frames (the inertial frames of Newtonian theory) 
are distinguished by a motion whose dynamics is expressible 
solely in terms of relative distances. 

Second, although two features of Newtonian gravitation are 
introduced a prior! in equation (1) — all gravitational ‘charges’ 
are of the same sign and are proportional to the inertial ‘masses’ 
— the theory itself determines the actual strength of gravity 
(because a coupling constant cannot enter the product L) 
which must be attractive. (In the model in preparation, gravity 
and inertia are truly subsumed into a single mechanism and 
the correct order of magnitude of the gravitational constant is 
predicted.) 


Third, whereas Newtonian theory and general relativity . 


provide equations of motion for essentially inobservable 
quantities in the limit of universes containing only a few 
particles, no such problem arises in the present approach. 
If there is just one particle in the Universe, the RCS does not 
even exist, so there is no theory at all. If there are two particles, 
the RCS ts the positive half axis, but no equation of motion 
can be formulated because equation (1) becomes trivial; the 
particles may approach or recede but no meaning can be 
attached to the rate at which this happens. Nontrivial dynamics 
first becomes possible when there are three particles, and even 
then the motion is quite unlike the Newtonian. Many particles 
in an isotropic background are required to build up the inertial 
forces as we know them in this universe. 

Other forces could be included readily by adding a term 
linear in the r;js to L (gyroscopic-type forces) or multiplying L 
by another factor P = (r;;). Indeed, in an attempt to include 
electrostatics, take L’ = YT, where $ = È eje;/rij, 


i<j 

with e; = 1 fori =1,...N/2ande; = — 1 fori = N)2 + 1, 
. .. N. Then the equations of motion corresponding to the 
conditions under which equation (4) hold are 
mı Axj/dt = (1/MWV) O¥/0x; + (1/M®) @0/ 0%; (5) 
As L’ is a product, the relative strength of the new forces is 
again determined by the theory for each particular universe. 
In fact, if the particles in this case have equal masses and 
are distributed more or less’ uniformly, then | ¥/® | ~ N, 
because all the ~N? terms in ¥ are positive, whereas there 
are just N more negative than positive terms in ®. Thus, the 
electrostatic forces in equation (5) are ~N times stronger 
than the gravitational forces and like charges repel and oppo- 
sites attract (provided © < 0; I do not know whether distribu- 
tions could exist for which ® > 0). As it happens there are 
N ~ 10% baryons in the observable Universe’, whereas we 
require a strength ratio ~ 10", but the fact that we get the 
square of the right answer is perhaps an indication that product 
Lagrangians, which arise naturally (if not uniquely) in such a 
global approach to motion, could perhaps provide an explana- 
tion for the famous cosmic coincidences’. 

If the general framework is in fact the right approach to the 
problem of inertia, radical changes in theoretical physics are 
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almost certainly necessary, and it is unlikely that the simple 
model presented here could bear any more resemblance to an 
ultimately successful theory than Bohr’s original model of the 
hydrogen atom does to modern quantum field theory. 

I thank D. Sciama, C. Misner, K. Kuchar, D. Raine, and 
R. Breuer for discussions and encouragement and the referee 
for helpful comments. 
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Upper mass limit for quasar 

THE radio source 4C11.50=1548 + 115 is reported to be a 
pair of quasars only 5 arcs apart’. One quasar, 4C11.50a, 
has a redshift z = 0.4359 and is approximately 17 mag, the 
second quaser, 4C11.50b has a redshift z = 1.901 and is an 
object of 19 mag. I wish to point out that if the redshifts are 
cosmological the mass of 4C11.50a must be less than about 
4 x 10? Mo. 

The light ray from the more distant b passes close to a. 
The impact parameter for the light ray depends somewhat on 
the cosmological model but may be taken as about 40 kpc 
(Ho = 50 km s? Mpc>). If a quasar has a mass as large as a 
giant galaxy then the gravitational deflection of the light ray 
may be noticeable. Gravitational imaging has been discussed 
at length by many authors but the discussion presented by 
Press and Gunn? is entirely adequate for this consideration. 
For simplicity, it can be assumed that both quasars are point 
masses and point light sources. When a light ray from a distant 
quasar b passes close to the quasar a then two images of b may 
be seen located on opposite sides of a. When a, b and an 
observer are exactly aligned, then b is seen as a ring with 
quasar a located at its centre. The angular radius of the ring, 
Po, is of the same order of magnitude as the deflection angle of 
the light ray. Therefore, there is an approximate relationship: 
Qo © 2” (M./Mo@y(/R@) = 5 x 10°" (Ma/M@)/jpe), 
where Ma is the mass of the quasar a and / is the impact para- 
meter. If a, b and the observer are not exactly aligned, then the 
observer sees two images of b. If the angular separations from a 
of the brighter and the fainter image are @, and @, respectively, 
then 

Pir Por Oo 
Combining the two relationships provide an estimate of the 
mass of a: 
M./M@ < (qx/5 X 10°*”)/Cpe) 

The observed image of 4C11.50b is almost certainly the 
brighter, as there is no other object visible within about 1 arc 
min on the opposite side of 4C11.50a (ref. 2). Inserting 
Qı = 5”, l =4 X 10‘ pc into the latter formula gives an upper 
mass limit for the quasar 4C11.50a: 

M,<4 X 10 Me 
This mass limit is not excessively large. Combining the observed 
luminosities for cluster galaxies of the first rank* with the 
luminosity-to-mass ratio for ellipticals’ gives masses of 
1053 Mo. : 

If it were possible te detect the second image of 4C11.50b 
the mass of 4C11.50a could be calculated. For the point-mass 
scatterer there is a simple relationship between the luminosity 
ratio and the separatien, ratio of the two images*®. If the ob- 
served ratios did not agree with tho% predicted for the point 
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masses then information could be obtained about the mass 
distribution around the quasar 4C11.50a. If quasars are active 
nuclei of giant galaxies® the existing observations indicate that 
the total mass within 40 kpc of the nucleus of 4C11.50a is 
less than about 4 x 10? Mo. There is a weak emission in 
4C11.50a at the same wavelength as a strong CIV emission in 
4C11.50b (ref. 1). It may be because of the unresolved second 
image of 4C11.50b. 

I thank Professor W. Zonn for informing me about the 
discovery of a close pair of quasars. 
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Transit of Mercury across the solar disk 


THE transit of Mercury across the solar disk on May 9, 1970 
(4h 20 min 30 s — 11 h 12 min 0 s ut), wasobserved by recording 
the radio emission at a wavelength of 8 mm using a 22-m 
paraboloid radio telescope!. The pencil beam of the antenna 
is of width D=1’-6 and the sensitivity of the radiometer 
~1:5 K. The antenna was steered so that Mercury was in the 
centre of the beam. Mercury obscures the inhomogeneities of 
radio emission when passing across the solar disk and some 
fluctuations of the flux of radio emission can occur. The 
characteristic time of these fluctuations and their amplitude 
characterise the sizes and temperatures of condensations 
respectively. In Fig. 1 we show a sample of original (averaged 
over 15 s) records of fluctuations during the passage of Mercury 
across the relatively active regions on the disk. Similar records, 
but with slightly slower fluctuations of smaller amplitude 
have been obtained for quiet regions of the disk. The auto- 
correlation curves for active (A) and quiet (Q) regions (Fig. 2) 
reveal details of the nature of the emission. 





Time (s$) 


Fig. 1 Fluctuations of radio noise observed as Mercury 
transits the Sun. 


For Q regions the characteristic sizes torresponding to 
maxima are 3”.4 for the lag m=0 and 322 and 41”.3 for 
the lags m=44 and m==53. We notè that the characteristic 
size / of condensations is approximately determined from the 
relations: I= Vt m/2, if d >1, and 1=Vt,,—d when d< 1, where 
Tm=mAt, (At=15 s), v is the velocity ôf the transit of Megcfiry 
across the disk (=0’.067 s`?) and d is the size ef Mercury (12”. 
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(We assume, of course, that the size of condensations of the 
order of the spacing between them). 

For A regions the corresponding maxima appear at lags 
m=0, 5, 29, and 36 which correspond to the sizes 1’.8, 2’7.51, 
17.4, and _24”.2, respectively. Condensations in A regions 
are a little more compact than in Q regions. The smallest 
condensations in both regions have a size of 2” to 3” which 
coincides with the size of smallest ‘elements’ of the general 
magnetic field?. The group of larger condensations (from 
17” to 41”), although in the size range characteristic of larger 
‘elements’ of general magnetic fields, reflects, we believe, the 
characteristic sizes of chromospheric supergranules (10* to 
3 x 10km’). 





10 20 30 40 50 60 70 80 90 100 
Lag (a7) 


Fig. 2 Autocorrelation curves for: a, A region; b, Q region. 


The characteristic amplitude of fluctuations or excess of 
brightness temperature ATs over the background (temperature 
Tao =8,000 K for à =8 mm) determined as ther.m.s. of all fluctua- 
tions (deviations from the mean) depends on the ratio d/l 
and the value of D, and also on the character of eclipse (central’ 
or ‘partial’) of condensations by Mercury. The corresponding 
approximate formulae for excess of antenna temperature 
AT, are AT, œ (d?/D*) AT, when d< land 
when d >} The brightness temperature excess AT; for small 
condensations (/< 3”) is ~ 5,000 K in Q regions and 8,950 
and 6,420 K in two observed A regions. For large condensa- 
tions connected with supergranules the corresponding tempera- 
tures ATs are 2,830 K for Q regions and 2,690 for A regions. ; 
As the background temperature is 8,000 K the true brightness 
temperature 8,000 +AT is 13,000 K for small condensations 
(Q regions) and is 14,000-17,000 K in A regions. The values 
are characteristic of upper chromospheric temperatures and 
transition layer temperatures. For supergranular structures 
the true Th is about 10,700 — 10,800 K in A and Q regions, 
typical of the lower chromosphere. In other words small 
condensations, which are more compact in A regions, are 
appreciably hotter than supergranular structures; the latter 
are practically of the same temperature in both regions. 
Condensations of radio emission do not form a continuous 
sequence in the regions examined and all are concentrated 
around characteristic size of granules and supergranules. 

Could the effect observed be due to the time variations 
of radio emission from the whole area D. To exclude this 
possjbility scans along the same path were repeated without 
Mercury. These records did not show appreciable fluctuations 
similar to that of Fig. 1. Moreover we have examined the 
cross correlation of these fluctuations with those without 
Mercury; the cross-correlation coefficient never reached 
0:05. The fluctuations we consider here cannot therefore, be 
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connected with possible time variations of the radio emission 
of the Sun as a whole‘. 
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Ionisation ledges in the 


equatorial ionosphere 

A cusp formation on topside ionograms recorded at equatorial 
latitudes by means of the satellite Alouette I, has been discussed 
by earlier workers? ?, The cusps are associated with an 
ionisation ledge lying along the magnetic field line passing 
through the peaks of the equatorial anomaly. 

We here describe observations of cusps associated with 
echoes reflected from a feature aligned with the field below the 
anomaly field line and we suggest how the ledge of ionisation 
in the equatorial topside ionosphere may be formed. 


On ISIS-2 itonograms from the dip latitude region 9°N to’ 


7.5°S, recorded at Ahmedabad on October 6, 1972. The iono- 
grams were reduced to electron density profiles by the ‘parabolic 
in log N method’. 

Figure 1 shows one of the sequence of ionograms exhibiting 
a cusp, and Fig. 2 shows the corresponding electron density 
profile. The ledge, which is an enhancement of the electron 
density over the ‘normal’ level shown by the dashed line is 
Clearly evident. The horizontal arrow (Fig. 2) indicates the 
height of maximum percentage deviation of the electron 
density in the ledge region and the tip of the vertical arrow 
indicates the height from which the cusp echoes were reflected. 
The cusp echoes were returned from below the ledge. 

Figure 3 shows the heights of constant electron density 
contours in an altitude against dip latitude diagram. The 
equatorial anomaly is well developed and the dashed line in the 
diagram shows the magnetic field line passing through the 
peaks of the equatorial anomaly. The height of the anomaly 
field line over the equator is 860 km. The heights at which the 
maximum percentage deviation of the ledge electron density 





MHz | r 
Fig. 1 ISIS-2 topside ionogram showing the cusp (a). The 


x axis Is the frequency (MHz), the y axis is the virtual depth 
(km) below the satellite. 
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Fig. 2 The electron density profile obtained from the ionogram 
shown in Fig. 1. recorded October 6, 1972 (ut, 08 h 00 min 
32s; LT 1240). Longitude, 70° E; latitude, 7.6° N; dip latitude, 
—j.42°. a, Height of maximum deviation of electron density; 
b, altitude of echoes associated with cusps. 


occurred at different dip latitudes are shown by squares in the 
diagram and they fall on or closely to the anomaly field line. 
The maximum percentage deviation was observed to increase 
towards the dip equator, reaching a maximum value of 16%. 

The circles in Fig. 3 indicate the heights at which the cusp 
echoes were reflected. The locus of the ‘cusp points’ are aligned 
along a magnetic field line crossing the magnetic equator 
775 km above the ground, that is, below the anomaly field line. 
The ionograms were accurately scaled and the error in evaluat- 
ing the true height of the cusp points is not more than 15 km. 
A possible mechanism leading to the formation of a ledge of 
ionisation such as that observed, can be described. 

Recent observations of the neutral densities of molecular 


Altitude (km) 





z Dip latitude 


+e Fig. 3 Latitudinal variation of the height of contours of 

constant electron density. (J, Ledge maxima; O, heights at which 

echoes associated With the cusps were reflected. a, Locus of 
anomoly paak; b, locus of cusps. ° 
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nitrogen and atomic oxygen using a mass spectrometer on the 
satellite, OGO 6, reveal an equatorial anomaly at an altitude 
of about 450 km, similar to that in the equatorial ionosphere; 
density maxima (crests) occur on either side of a minimum 
(trough) at the magnetic equator. Typical values of the differ- 
ences between the densities of N, and O at the trough from those 
at the crests, observed at -+-20° magnetic latitude, are 20% and 
10% respectively. It seems likely that the neutral density 
enhancements will extend above 450 km, along a magnetic 
field line in a manner similar to the ionisation enhancements, 
and will merge above the magnetic equator. The neutral 
temperatures derived from the observed densities show en- 
hancements of 3 to 4% at the neutral density crests. 

The existence of enhancements aligned with the field in the 
neutral density will decrease the diffusion of plasma along the 
field lines involved. Ionisation in the equatorial ionosphere is 
lifted vertically during the day by the E X B effect, where E and 
B are the electric and magnetic fields respectively, and diffuses 
downwards along the magnetic field lines with an ambipolar 
diffusion coefficient?: 


Da = (To + T/T] [7 X 10*8/n(O)] [Tn/1,000] cm? s (1) 


where Tn, T; and Te are the neutral, ion and electron tempera- 
tures respectively, and n(O) is the number density of atomic 
oxygen. The value of D, increases exponentially with altitude 
as the neutral density, which is predominantly atomic oxygen 
in the topside ionosphere, decreases, and can be represented by 
Da = Doe?” where z is measured in units of the atmospheric 
scale height H and Dg is the value of the diffusion coefficient 
at any known lower level. 

The ionisation velocity, V, along the field line, resulting from 
diffusion in the absence of temperature gradients and winds, 
is given by® 


= (Dal H) [Q/N) (dN/ds) — (1/2) sin Z] (2) 


where J is the dip angle and s the distance along the field line 
measured in units of H and taken positive in the northward 
direction, so that —dz/ds = sin J. - 

Equation 2 shows that at a given dip angle V is directly 
proportional to Dg which varies inversely with the density of 
neutral atomic oxygen (equation 1). Away from the equator 
neutral density enhancements occur along the ionisation 
anomaly field line. Along this field line the diffusion coefficient, 
and therefore the diffusion velocity parallel to the field line, 
will be decreased by about 10% because of the enhanced O 
concentration. Any increase in neutral temperature along the 
same field line will increase the scale height. This further 
decreases the diffusion velocity. We suggest that these processes 
will result in the enhancement of the electron density around 
the field line on which the neutral density is greatest. The field 
line with which the ionogram cusps are associated may thus 
occur at the beginning of the sharp rise in the neutral density. 

We thank Professor K. R. Ramanathan for helpful dis- 
cussions. This work was supported by the Department of 
Space, Government of India. 

R. RAGHAVARAO 
M. R. SIVARAMAN 


Physical Research Laboratory, 
Ahmedabad, India. 


Received December 10, 1973 


+ Lockwood, G. E. K., and Nelms, G. L., J. atmos. terr. Phys., 26, 
569 (1964). 


2 King, J. W., Smith, P. A., Eccles, D., Fooks. G. T, and Helm, H., 
Proc. R. Soc., A281, 464 (1964). ° 


3 Jackson. J. E., Proc. IEEE, 57, 960 (1969). 
4 Hedin, A. E., aad Mayr, H. G., J. geophys. Res., 78, 1688 (1973), 


5 Rishbeth, H., and Garriott, O. K.,elfitreduction to Jono n 
Physics, 144, (Acadenfic Press, New York and London 1969 


Nature Vol. 249 May 24 1974 


Lightning incidence in Britain and the solar 
cycle 


THe existence of a correlation between solar activity and 
meteorological or climatological parameters seems no 
longer in doubt and a credible explanation has recently 
been suggested'. It has also been shown that the mean 
monthly or yearly number of sunspots gives a crude but 
effective index of the solar activity and that the most 
marked variation is cyclic with a period of approximately 
Il yr. 

It has been deduced from lightning-counter records (F. 
Popolansky’s, unpublished) and from analysis of faults 
caused by lightning in overhead electricity supply systems” 
that the mean incidence of lightning (usually expressed as 
the number of flashes per unit area per year) is propor- 
tional to the mean number of annual thunderstorm days 
recorded by observers, raised to the power 1.9. The data 
from 40 Meteorological Office observers chosen to be 
representative of Britain were used to obtain means of the 
annual number of thunderstorm days for the years 1930 
to 1973, and the square of the mean for each year was 
taken as a rough index of the annual incidence of light- 
ning. The 5-yr running means of both the annual values 
of this index and the mean annual sunspot numbers are 
plotted in Fig. 1. In spite of the year-to-year variations in 


Annual lightning incidence index 


150 


100 


Annual mean sunspot number 


1950 1960 1970 


Year 


0 
1930 1940 


Fig. 1 Annual variation of: a, 5-yr running means of 
lightning incidence, b, sunspot number. 


the incidence of lightning, there is an underlying cyclic 
variation with a period of about 11 yr which is in phase 
with the solar cycle and has an amplitude of + 30% of the 
mean. The correlation obtained between these smoothed 
data is 0.8, a result of statistical significance despite the 
smoothing. During the period 1964 to 1972 the trend in 
faults attributed to lightning on the British electricity dis- 
tribution network also followed the lightning incidence/ 
sunspot cycles but these fault data are too few to be 
statistically significant. 

e conclusion that the underlying trend in lightning 
activjty is related to the solar cycle is not only of interest 
to the atmospheric physicist but also to those electricity 
supply and civil engineers who are concerned with long- 
term planning of lightning protection. Of more immediate 
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interest is the fact that mean lightning incidence in Britain 
reached a minimum in 1973 and, neglecting year-to-year 
variations, can be expected: to reach a peak at the peak 
of the next solar cycle with a magnitude of about twice 
the 1973 level. 

M. F. STRINGFELLOW 


Electricity Council Research Centre 
Capenhurst, Chester CH] 6ES, UK 


Received March 6, 1974. 


1 King, J. W., Nature, 245, 443-446 (1973). 

? Forrest, J. S. Q. J. L. R. meteor. Soc., 329, 277-286 (1950). 

3 Stringfellow, M. F., Electricity Council Report, No. ECRC/ 
R602 (1973). 





Major and trace elements 
in the Allende meteorite 


We have determined major and trace element abundances 
for seven Ca,Al-rich aggregates, ten melilite chondrules, 
and an olivine chondrule and two olivine-rich aggregates 
from the Allende meteorite, a type III carbonaceous chon. 
drite. Major element abundances were determined with 
the electron microprobe technique described by Reed and 
Ware’. An MS7 spark source mass spectrometer was used 
for the determination of trace element abundances. The 
technique used was that described by Taylor? but with im- 
proved and extended data reduction techniques. The pre- 
cision is about +5% for the rare earth elements (REEs) 
and the accuracy about +10%, but varies somewhat, being 
poorer for elements below mass number 105 than for those 
with higher mass numbers. 

The Allende samples can be grouped in various ways 
using chemical, mineralogical and textural parameters. Our 
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results distinguish four distinct groups, as follows: group 
I, melilite-rich chondrules; group IJ, CaAl-rich aggregates 
with fractionated chondrite-normalised REE abundance 
patterns; groups III, Ca,Al-rich aggregates with unfraction- 
ated chondrite-normalised REE abundance patterns, except 
for negative Eu and Yb anomalies; group IV, olivine-rich 
chondrules and aggregates. 

The range and average of the elements studied for each 
group and for the bulk meteorite are given in Table 1. 
Chondrite-normalised REE abundances of the average for 
each group and for the bulk meteorite are shown in Fig. 1. 

The melilite-rich chondrules in group I are spherical 
aggregates of melilite, Ti-rich fassaite, spinel and anorthite 
with a coarsely crystalline igneous texture, and have high 
ALO, high CaO and an unfractionated REE pattern 
averaging 10-15 times chondritic abundances but with a 
small positive Eu anomaly. In contrast the olivine-rich 
chondrules and aggregates of group IV have an REE 
abundance pattern averaging three times that of the chon- 
drites, with possibly a slight positive Ce anomaly and a 
slight negative Eu anomaly. The major and trace element 
abundances of these two chemically distinct types of chon- 
drules indicate that the melilite chondrules may represent 
the initial condensates from a cooling gas of solar compo- 
sition and the olivine chondrules later low-temperature 
condensates. (Condensation sequences for a cooling gas of 
solar composition have been calculated by Lord, Larimer’ 
and Grossman.) 

The fine-grained Ca,Al-rich aggregates, composed mainly 
of spinel, fassaite, melilite and/or grossular, and minor 
amounts of nepheline and sodalite, can be divided into two 
groups on the basis of their trace element abundances. Two 
of the seven examined, classified as group HI, have rela- 
tively unfractionated REE abundances at about 20 times 
those of chondrites, but with large negative Eu and Yb 
anomalies. Even though the chemistry of these aggregates, 
like that of the melilite chondrules, suggests they would be 
the first condensate from a cooling gas of solar composition, 


Table 1 Chemical composition (oxides in weight per cent, elements in p.p.m.) for selected materials from the Allende metoerite. 


Group I (10) Group II (5) 
Range Average Range Average 
SiO. 24,.9-35.1 30.0 17.7-34.5 28.9 
Tio, 1.0-1.5 1.2 0.30-1.1 0.64 
ALO; 21.5-32.6 28.6 19.3-44.0 30.3 
eQ 0.4-3.1 1.7 1.3-12.2 Tl 
MgO 6.9-12.6 9.9 10.1-16.6 12.8 
CaO 23,3--33.3 27.7 8.6-24.0 13.2 
NaO 0.11-0.92 0.38 0.39-4.7 3.1 
K,O 0.00-0.08 0.02 0.02-0.26 0.12 
Rb 0.05-0.97 0.33 0.42-6.1 3.2 
Sr 110-200 136 18-73 37 
Y 15-29 23 0.86-3.0 iT 
Zr 35-72 56 1.9-7.2 4.1 
Nb 1.9-5.1 3.7 0.94-2.6 DI 
Mo 7.4-14 11 <0.7 <0.7 
Ba 23-104 57 6.2—22 15 
La 3.2-4.7 4.1 3.7-13 7.8 
Ce 8.212 1] 10-31 19 
Pr 1.2-1.9 1.6 1.6-4.7 3.0 
Nd 5.4-9.0 6.8 6.2-20 13 
Sm 1.7-3.2 22 2.2-6.2 4.0 
Eu 0.76-1.3 1.0 0.17-0.62 0.28 
Gd 2.2-4.0 3.1 0.84-3.8 23 
Tb 0.41-0.71 0.53 0.12-0.52 0.31 
Dy 2.5-4.8 3.7 0.66-2.6 1.6 
Ho 0.59--1,2 0.94 0.07-0.21 0.14 
Er 1.9-3.8 2.8 0.15-0.43 0.26 
Tm 0.30-0.46 0.38 <0.2 <0.2 
Yb 2.1-3.4 2.6 0.37-1.6 e 0.81 
Hf 0.83~1.5 1.3 <0.3 <0.3 
Th 0.34-0.61 0.45 0.14-0.72 o 0.46 


The numbers in brackets after the groups are the number of specimens analysed: the figures fo 


Group III (2) Group IV (3) 

Range Average Range Average Bulk 
20.5,24.5 22:5 38,8-45.2 42.0 34.28 
0.74,0.96 0.85 0.17—0.30 0.22 0.15 
43.3,40.3 41.8 3.4-9.4 5.7 3.29 

3.7,3.9 3.8 9.6-11.0 10.5 27,15 
15.4,13.6 14.5 23.5-36.6 31.8 24.63 
11.4,11.4 11.4 2.7-8.3 4.7 2.59 

1.3,1.8 1.6 0.45-2.7 1.5 0.46 
0.04,0.05 0.05 0.03-0.20 0.09 0.03 

1.2,1.1 1.2 1.1-20 6.9 1.3 

28,43 35 13-20 18 12 

36,41 39 1.6-4.3 3.5 3.1 

99,113 106 3.8-1 1 8.4 10 

1.9,9.1 5.5 0.54-0.89 0.77 0.65 

4.2,9.8 7.0 0.9-1.1 1.0 1.5 

22,10 16 5.3-9.8 9.0 4.1 

6.5,5.8 6.2 0.79-1.9 1.2 0.51 

11,15 13 2.54.8 4.0 13 

2.2,2:1 22 0.32-0.72 0.45 0.21 
11,9.9 10 1.6-3.1 2.1 0.97 

3.1,3.1 3.1 0.49-1.1 0.73 0.34 
0.25,0.36 0.31 0.13-0.19 0.16 0.10 

4.5,4.6 4.6 9.46-1.1 0.75 0.42 
0.81,0.82 0.82 0.08-0.17 0.12 0.08 

6.5,6.5 6.5 0.53-0.92 0.75 0.42 

2.3,1.7 2.0 0.13-0.19 0.16 0.10 

6.0,4.9 e 5.5 0.38-0.60 0.47 0.29 
0.74,0.71 e 0.73 <0.2 <0.2 0.05 
0.74,1.9 1.3 0.47-0.70 0.60 0.31 

2.2,2.5 24 ° <0.3 <0.3 0.2 
0.70,0.72 0.71 0.06-0.17 0.12 0.07 


r.the bulk composition are from a compilation 
» 


by E. Jarosewich (unpublished). : E 
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it is apparent from their fine-grained texture and the pre- 
sence of grossular that these aggregates cooled rapidly, 
certainly more rapidly than the primeval solar nebula. It 
would seem therefore that the melilite chondrules and the 
aggregates of Group III have been subjected to similar 
high energy events, which vaporised already condensed 
material, the chondrules cooling from a gas through the 
liquid state to the solid whereas the aggregates, because of 
conditions of lower pressure, cooled directly from a gas 
to a fine-grained solid. 

The remaining five Ca,Al-rich aggregates, however, 
classified as Group II, exhibit remarkable REE abundance 
patterns. Although the light REE (La-Sm) show similar 
abundances in groups II and III, group II aggregates have 
rapidly diminishing abundances of the heavier REEs. 
Superimposed upon this are a marked negative Eu anomaly 
and a large positive Yb anomaly. Group II aggregates are 
also depleted in Y, Zr, Mo and possibly Nb with respect 
to those of group III. Tanaka and Masuda’ have described 
an Allende aggregate with a group II REE pattern. Like the 
group HI Ca,Al-rich aggregates, the aggregates of group II 
have a fine-grained texture and contain metastable minerals, 
indicating they cooled rapidly, probably directly from the 
gas phase to a fine-grained solid. 

It is very difficult to produce the fractionated REE abun- 
dance patterns of group H either by fractional condensation 
or evaporation at a suitable temperature range based solely 
on the boiling points of the REE metals or any of their 
compounds for which there are sufficient data. For example, 
even assuming that Eu and Yb exist in the divalent state 
and are located in different lattice sites to the remaining 
trivalent REEs, Sm and Dy are not depleted relative to 
the other REEs yet have much lower boiling points. It is 
possible that a property of the REEs for which we, as yet, 
do not have sufficient information might, under certain 
conditions, give rise to the fractionated REE patterns ob- 
served. 

An intriguing alternative is that the group II aggregates 
may contain a component which has had a different history 
oF nucleosynthesis to other matter in the Solar System. The 
light REEs are produced by an s process inside stars where- 
as the heavy REEs are produced predominantly by the 
r process during supernova explosions. Clayton er al.’ on 
the basis of oxygen isotope anomalies, have postulated a 
separate history of nucleosynthesis for some of the Ca, 
Al-rich material of the Allende meteorite. They found 
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Fig. 1 Chondrite-normalised REE abundance patterns of 
the average for each group and of a bulk sample of the 
Allende meteorite. Group I: melilite-rich chondrules; « 
groups II and III: Ca,Al-rich aggregates; group IV: olivine- 
rich chondrules and aggregates. Note the Eu a6 Yb abnag? 
malities in groups II arfd III. 


Nature Vol. 249 May 24 1974 


enrichment of O in all anhydrous minerals in C2 and C3 
meteorites, however, whereas we find depletion of heavy 
REEs only in group I] Allende aggregates, and thus there 
seems to be no correlation between these two anomalies. 
Critical examination of our data on isotopic abundances 
of the REE shows no indication of preferential] depletion 
in r-process nuclides, and Gray et al.2 found no evidence 
of lack of isotopic homogeneity in Rb and Sr execpt for 
variation in “Sr abundance produced by radioactive decay 
of Rb, 

The differences in minor and trace element distributions 
evidently reflect differing conditions of genesis of these 
components. The melilite chondrules seem to represent 
material segregated at an early high temperature stage; 
the olivine chondrules and aggregates at a slightly later 
stage, and the aggregates of groups I] and IH may represent 
residual material which condensed after the previous com- 
ponents had segregated from the initial material. The com- 
plex pattern of trace element distributions in these Allende 
components indicates a complex history of formation of 
this meteorite. 

We thank Mrs P. Muir, Mr J. Nelen, Mr M. P. Gorton 
and Professor A. E. Ringwood for help and advice. This 
research was supported by the National Aeronautics and 
Space Administration and the Smithsonian Research 
Foundation. 
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Chandler wobble and viscosity in the 
Earth’s core 


JerFReys', and Munk and MacDonald?, have stated that vis- 
cosity of the core cannot account for the observed damping 
of the Chandler wobble. This statement may be in error. 

Jeffreys’s statement is based on a simple algebraic error on 
page 257 of the fourth edition of The Earth'. He starts from the 
assumption that there exists, at the core~mantle boundary, an 
Ekman boundary layer of thickness (v/w)/?, where v is the 
kinematic viscosity and the angular velocity of rotation of the 
earth. If V is the differential velocity between the core and the 
mantle, the rate of dissipation for unit area is of the order of 
pV? (væ¥?, where p is the density. If a is the small angle 
between the axes of rotation of core and mantle, V = aaa, 
where a is the radius of the core. The total rate of dissipation, 
F, is then 

F = 4xpa‘w*a*(vo)/? (1) 

This 1s Jeffreys’s equation (13) except for the factor 4m and 
his inadvertent writing of œ instead of @*. This error is 
unfortunately carried into the numerical result on the following 
line (Jeffreys’s equation (14)); the damping time, which is 
proportional to 1/F, is consequently too long. 
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Munk and MacDonald? (page 170) proceed in essentially 
the same way as Jeffreys, except that they write V = aao, 
substituting the frequency, o, of the Chandler wobble for œ. 
The substitution is hard to justify. Munk and MacDonald 
justify it with Jeffreys and Vicente’s? demonstration that, to a 
first approximation, the core remains motionless, which is, 
however, precisely the reason that Jeffreys? adopted V = aaa. 

Returning to Jeffreys’ corrected expression (1), and com- 
paring F with the wobble energy, Ew of the mantle: 

Bomb da CAAD org o 
where Am and Cm are the principal moments of inertia of the 
mantle. The time, t, needed to reduce the energy by I/e is 


(Ce = Am) x 
F 8rpat Ca (vo)? 6) 
and the time needed to reduce the amplitude in the same 
ratio is 2t. Observations indicate that 2t ~ 30 yr. Equation 3 
then gives for the kinematic viscosity of the core 

= 0.026 cm? s~! (4) 

Leppaluoto’, using the significant-structure theory of liquids, 
finds that the dynamic viscosity, n = v p, of liquid iron at its 
melting point and at the pressure of the core—mantle interface 
(1.4 Mbar) probably lies between 0-1, and 0:5 poise. The 
density at the top of the core is approximately 10 g cm~’, and 
the corresponding limits on v are therefore 0.01 and 0.05 cm? s, 
which nicely bracket the value of equation 4, even though 
Leppaluoto’s values should be corrected for the presence in the 
core of elements other than iron (for example, sulphur), and 
for temperature, which, at the core-mantle boundary, is 
unlikely to be precisely the melting temperature of pure iron. 
Gansř, using somewhat questionable approximations, suggests 
v = 0.066 cm? s% as a typical value of the viscosity of the 
liquid core at the inner-core boundary. 

The third (1952) edition of The Earth does not have the 
©? error’, Assuming v = 5 x 10’ cm? s”, Jeffreys consequently 
found a damping time that was too short and concluded that 
the viscosity of the core must be less than 10° cm? s~? to account 
for the observed damping. He did not conclude at that time that 
viscous damping of the Chandler wobble is impossible, as 
indeed it does not seem to be. 
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Montmorillonite in surface detritus 


QUANTITATIVELY, clay minerals are usually the most import- 
ant components of those fractions of deep-sea sediments 
which are smaller than 2 »m. There are specific patterns in 
the distributions of the principal groups of clay minerals 
in both deep-sea sediments! and in aeolian dusts from 
the overlying marine atmosphere’, which have been used 
to evaluate the origin of the clays. It is considered'~* that 
the clay minerals kaolinite, illite and chlorite are largely 
detrital in origin and are transported to the oceans from 
the continents. 

Less is known, however, about the origin of morsttmoril- 
lonite. Deep-sea sediments of some regions, for example, 
the South Pacific, show extensive evidence that montmoril- 
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Fig. 1 Partial track of the MV Cyclops, Solid line, UK- 
Japan run; broken line, Japan—UK run. Detritus samples 


were collected over the intervals indicated by the lines per- 
pendicular to the track; @, central positions of sampling sites, 


lonite has formed from the in situ alteration of volcanic 
debris on the ocean flioor', that is the montmorillonite is 
authigenic. A similar explanation has been proposed for the 
origin of montmorillonite in Indian Ocean deep-sea sedi- 
ments’, where this mineral makes up approximately 41% 
of the total clays smaller than 24m. There is, however, 
speculation about the origin of montmorillonite in deep-sea 
sediments from the South Atlantic, where it comprises ap- 
proximately 26% of the total clays smaller than 2 um (ref. 
1). It is believed'* that either the montmorillonite or the 
parent volcanic material is transported to the region by 
aeolian and river mechanisms or that the mineral is derived 
from volcanic material from the Mid-Atlantic Ridge region. 
These theories are based on observations of the distribution 
.of montmorillonite in deep-sea sediments; there is little 
information available on its concentration in marine detritus 
from the World Ocean. 

Here, we present preliminary data on the relative con- 
centrations of montmorillonite in ‘open-ocean’ surface water 
samples (0-5 m) from the South Atlantic and Indian 
Oceans. Collections were made during March and July, 
1972 on board MV Cyclops by pumping water from a pos- 
ition in the ship’s bows (which minimised contamination 
from the ship’s sides) through plastic tubing. The particu- 
late matter was separated by continuous centrifuging. The 
centrifuge bowl was lined with plastic and after each col- 
lection the liners were removed, placed in plastic bags and 
stored in a deep freeze. The detritus was later removed 
from the liners and dried at about 40° C, and representa- 
tive samples taken. A fraction of the samples smaller than 
2 pm was separated, treated with hydrogen peroxide to 
remove organic matter, and the clay minerals were de- 
termined by X-ray diffraction. The ship’s track and the 
sampling positions are shown in Fig. 1 and the average 
montmorillonite concentrations in the detritus are listed 
in Table 1 together with those of the underlying deep-sea 
sediments. 

On average, the concentration of montmorillonite is 
similar in detritus samples from both the South Atlantic 


‘and Indian Oceans, and constitutes approximately 14% of 


the total clays smaller than 2 m. This is considerably less 
montmorillonite than is present in the underlying deep-sea 
sediments. Furthermore, the relative distributions of mont- 
morillonite vary between the detritus and deep-sea sediments 
of the two regions; in the South Atlantic there is about 
one and a half times as much montmorillonite in the sedi- 
ments as in the detritus, and in the Indian Ocean about 
three times as much in the sediments. 

e There are a number of explanations for the deficiency of 
montmorillonite in the detritus relative to the sediments. 
For example, other clay mineral .species, and/or volcanic 
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Table 1 Average concentration of montmorillonite* 


South Atlantic Ocean 
Detritus ~ 14% 
Deep sea sediments? ~ 26% 
Indian Ocean 
Detritus m 14% 
Deep sea sediments! ~ 41% 


* The concentrations of montmorillonite are given as a percentage 
of the four clay minerals montmorillonite, illite, chlorite and kaulinite 
in the fraction of the detritus and sediments smaller than Zum. 


ash, could be transported to the surface of the ocean and 
could subsequently undergo modification to form mont- 
morillonite both in the water column and at the sediment 
surface. Alternatively, montmorillonite could be formed 
from the in situ modification of locally derived volcanic 
debris at the sediment surface. Whatever processes are oper- 
ative, however, it may be concluded from the present results 
that only about half of the montmorillonite in South 
Atlantic deep-sea sediments, and only about a third of 
that in Indian Ocean sediments, have a continental detrital 
origin. 

We thank the Blue Funnel Line for permission to make 
collections from their ships; the Master, officers and crew 
of the MV Cyclops; A. J. Woodward for his help in the 
collection of samples; and the Natural Environment Re- 
search Council for financial support. 
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Revised continental fit 
of Australia and Antarctica 


I HAVE already presented a morphological reconstruction 
of the continental fragments of Gondwanaland in the south- 
western Pacific’. The reassembly was based on the computer- 
generated fits of Australia and Antarctica’ (which match 
the 1,000-fathom and 500-fathom isobaths). The method 
used in each case?’ is a ‘least squares’ geometric fit of the 
selected isobath. Another fit has recently been proposed‘, 
for this fit an instantaneous rotation pole is determined 
from fracture zones, at 10.8° N, 32.2° E, but the Australia- 
Antarctica fit is based on a ‘least squares’ geometric pole 
at 6° S, 40.5° E. I suggest that all of these fits may be in 
error by about 250 km, as present-day isobaths only define 
poorly the predrift continental edges. 

A better method of making continental reassemblies is to 
‘reverse’ seafloor spreading, using a mapped pattern of mag- 
netic lineations and fracture zones. Such a pattern is 
fairly well defined between Australia and Antarctica®, 
Weissel and Hayes® show several stages of drift (see 
their Fig. 13), but in the initial step they have accepted the 
computer fits?® as the gonstraint. They therefore delineate 
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a westward bend.in fra:ture zones south of Australia, 
amou :ting to some 250 km (see ther Fig. 2). Hayes and 
Ringis’ attempted a regional continental reconstruction but 
erroneously implied that the Australia—Antarctica fit has 
been “rather precisely determi..ed” using only the reversal 
of the magnetic patterns, whereas Weissel and Hayes*®, in 
fact, used the computer fit’. They note that the South Tas- 
man Rise overlaps the Iselin Plateau, presuming that both 
are continual crust, and then suggest that relative move- 
ment of West and East Antarctica occurred during drift. 

In the light of these problems a d in-onsistencies, | have 
revised my original reconstruction’ (Fig. 1). The fit was 
made using a 1:15 million scale Lambert’s Equal Area 
Azimuthal projection, centred at 160° E, 60° S (near 
Macquarie [slavd). Continental bourdar-es were initially 
detned at the 2,000-m isobath, avd fracture zones plotted 
from ref, 6, except that each fracture zone was projected 
straight towards the Australian coast. Australia was then 
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Fig. 1 Reconstuction of continental fragments ‘n the south- 

western Pacific, Continental outlines and 2,000-m isobaths 

(smoothed) shown, taken from Lambert's Equal Area 

Azimuthal projection, centred at 160° E, 60° S. Present 

latitude and longitude lines (5 °spacing) shown for reference. 
Hatching denotes overlap. 


‘fitted to Antarctica by reversal of.motion along the inter- 


vening fracture zones. This operation places Australia some 
250 km west (relatively) of its position in earlier computer 
fits?-*eand allows the continental South Tasman Rise? to fit 
neatly between Tasmania and the Iselin Plateau (Fig. 1). 
The fit was checked by rotating contiguous points to their 
present positions using a 50-cm stereographic net, and it was 
found that rotation about a pole at 10.8° N, 32.2° E 


‘NM 


Nature Vol. 249 May 24 1974 


(determined from fracture zones in ref, 4) gave results con- 
sistent with the fit proposed here, and significantly different 
from the least squares geometric fits. The shape of mutually 
opposed coasts on the Lamberts Equal Area projection 
were compared with their computer~drawn equivalents by 
enlarging the latter optically to a scale of 1:15 million. No 
Significant distortion was found. 

The Campbell Plateau was fitted against Antarctica as 
before’ and the Tasman Sea closed by a 23° rotation of the 
Lord Howe Rise about a rotation centre at 145° E, 
[5° S. This is broadly consistent with the Tasman Sea mag- 
netic pattern but implies that the orientation of fracture 
zones, particularly in the north, is different from that of 
Hayes and Ringis’. This suggests that their interpretation 
may be in error in this region. A 5° grid (present 
coordinates) is superimposed on the fragments in the recon- 
struction (Fig. 1). This shows that neither the Campbell 
Plateau nor the Lord Howe Rise have been deformed to 
achieve the fit. The only significant deformation required is 
along the Alpine Fault Zone through New Zealand. 

The modified fit (Figs 1 and 2) still has one major over- 
lap, where the bulge of the Antarctic 2,000—m isobath 
overlaps Australia. A similar mismatch (though placed fur- 
ther west) was noted by Sproll and Dietz", who suggested 
that either the Antarctic bathymetry was substantially in 
error in this area, or that postrift volcanics or sediments 
form the bulge. A detailed compilation of avatlable oil- 
company exploration data from the south-eastern Austra- 
lian continental margin shows, however, that with the fit 
suggested here, this bulge largely overlaps an Upper Meso- 
zoic and Cainozoic sedimentary sequence in the Otway 
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Fig. 2 Detailed fit of southeastern Australia and Antarc- 
tica, showing major geological elements. 1, 3,000-m isopach 
of Upper Mesozoic Cainozoic sediments of south-eastern 
Australia; 2, overlap of 2,000-m isobaths; 3, Cainozoic 
sedimentary cover; 4, Upper Palaeozoic and Mesozoic basins 
(essentially undeformed sediments); 5, areas of Jurassic 
` dolerite intrusions; 6, Palaeozoic of Tasman Orogenic Zone; 
7, ultramafic masses; 8, Silurian-Devonian granites; 9, 
Cambrian—Ordovician granites; 10, late Proterozoic sedi- 
ments of the Adelaide Geosyncline (moderately folded); 11, 
exposed Precambrian “basement”. Some major faults are 
also shown by heavier solid lines. Data taken from refs 11 
(Australia) and 12 (Amtarotica). 
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Basin of south-eastern Australia’. These are typical rift-fill 
sediments (refs 9, 10, and K. A. Richards, and B. M. Hop- 
kins, ECAFE Symposium, Canberra, 1969) which represent 
an unusually wide development of the continental margin 
in this area. On Fig. 2, I have delineated the 3,000-—m 
isopach of Upper Mesozoic and Cainozoic sediments along 
the Australian margin, selecting this line as more representa- 
tive of the predrift margin. The correspondence of this 
isopach with the Antarctic ‘bulge’ is quite clear. 

The outlined fit (Figs 1 and 2) is therefore preferred to 
computer fits based on present isobaths*” and points to the 
obvious need to establish the geological status of lines of 
fit before using computer techniques. Isopachs of marginal 
sediments are probably a more realistic definition of prerift 
continental shapes. The fit also eliminates the source of 
several ‘problems’ in the region. For example, the South 
Tasman Rise is incorporated without any movement of 
West Antarctica. 

Figure 2 also shows the major geological elements of 
mainland Australia, Tasmania and Antarctica’, No cer- 
tain correlations can be made yet. One speculative correla- 
tion, however, is that of the Dundas Trough (Cambrian 
sediments, ophiolites and Andean-type  calc-alkaline 
volcanics) with the Heathcote Axis (Cambrian greenstones 
and calc-alkaline volcanics“) and Bowers Group (Cambro— 
Ordovician sediments). This suggestion offers a chance 
to correlate narrow units, without depending on vague litho- 
logical similarities, but needs further evaluation. 

There has been some discussion of alternative reassem- 
blies and argument for and against major transcurrent 
movements active during the Palaeozoic and Mesozoic”. 
These articles do not allow for any possible error in the 
computer fits? and generally make very vague and 
generalised lithological correlations to support their con- 
clusions. Many of the supposed difficulties in regional 
correlations using earlier fits™ diminish considerably if the 
revised fit presented here is valid. The occurrence of Pre- 
cambrian basement rocks in Tasmania also suggests that 
the island is uplifted relative to Victoria and Antarctica, 
probably as a result of Cainozoic seafloor spreading and 
therefore a relatively deeper erosion level is observed at 
present in Tasmania’. 

The present knowledge of the regional geology, seems 
to provide little to support unequivocally hypotheses involv- 
ing major transcurrent movements!” 

I thank R. D. Beattie for helpful comments. 

J. R. GRIFFITHS 
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University of Tasmania, 
Hobart, Australia 7001 
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Archaean tectonics 


THERE is compelling evidence that Archaean ‘convective 
motions were very different in scale from the motions which 
We associate with modern plate tectonic phenomena. The 
ancient motions resulted in a distinctive surface expression. 
Many lines of evidence suggest that the Earth is cooling by 
heat and mass transfer which is reflected in: magmatic 
phenomena at or near the surface. Evidence of convective 
mixing in all regions of the deep Earth is accumulating. 
Today, the major sites of mass and energy transfer are at 
the ocean ridges where new crust is formed. This motion 
towards the surface is balanced by the return of crustal 
material at the subduction zones. There are few sites of 
crust formation. They are all elongated, with linear dimen- 
sions comparable with the circumference of the Earth, and 
they are widely spread. 

Geological maps of the crust of more than 310° yr ago 
indicate a totally different tectonic-magmatic situation. Such 
regions are well documented from southern Africa and 
Greenland’. The sedimentary and igneous rock types in these 
regions have, in general, modern counterparts, and they 
provide evidence of the existence of an extensive hydro- 
sphere. The rocks of, the granite family, however, dominate 
80-90% of the geologic maps and there are no significant 
areas of ophiolitic rocks; no analogues of the modern ocean 
crust?, Metamorphic rocks of the granulite facies are very 
common and are often associated with anorthosite com- 
plexes*. Metamorphic events reflect steep thermal gradients. 
Extensive linear features are rare and volcanic—sedimentary 
basins involve complex mixtures of volcanic types from 
ryholites and andesites to basalts and komatiites. This is not 
a modern situation. 

A model for the early crust must take account of three 
concepts. Runcorn* has summarised evidence which. indicates 
that convective motions have been quantised through time. 
The evidence from age distribution patterns is compelling. 
Elder has indicated how the thermal structure of the Earth 
is appropriate to a body cooling from the surface and in a 
state of vigorous convection. The models involve a rather 
thin surface region with a steep thermal gradient followed 
by a deep, essentially isothermal region. Where the gradient 
changes rapidly, there is a layer of high thermal turbulence 
with large fluctuations of temperature (a possible low 
velocity or melting region). With time, this region will sink 
into the cooling body and the amplitude of fluctuations will 
decay. Finally, Fyfe and Leonardos® point out that basalt 
will not continuously penetrate a fusible granitic layer; 
fusion of the granite, will form a viscous low density layer, 
and this will turn off injection or encapsulate the heavier 
magma. I use the term encapsulate in the sense in which it 
is used in the ceramic or metallurgical industries to describe 
the situation in which a heavy material is“ protected frdém 
the environment by a lighter, viscous, glassy layer. 

The Archaean model proposed hefe is in part a result of 
an attempt to explain the map and synthesis proposed far 
the Rhodesian craton’ which is similar to many cratonic 
regions of a comparable age. Beforé any quantum jump 
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Fig. 1 Model of convective motion in the early crust and 

upper mantle, a, granitic crust; b, low velocity zone of upper 

matle; c, region of basaltic penetration of the crust; d, 

granitic domes; e, granulites and anorthosites: f, basalts: 
g, rhyolites; hk, andesites. 


in the convective pattern‘, the dynamic structure could be 
as shown in Fig. 1. A continuous, thin, highly radioactive, 
easily fusible granitic layer, 5-10 km thick (Fig. la), over- 
lies a high-level melting zone in the upper mantle (Fig. 15). 
In the melting zone partial melting occurs on a large scale, 
and various products of melting result from a high level 
of thermal turbulence. Convection cells in the mantle have 
a short wavelength pattern (about 100 km) as is implied 
by the separation of basins in Rhodesia’. Basalt penetration 
of the crust (Fig. lc) is sporadic and is terminated by 
crustal fusion and the formation of granitic domes (Fig. 
ld). Basalt flow is concentrated beneath the encapsulating 
acid layer. The basalt tends to underplate the acid crust 
and fractionates to produce anorthosite complexes which 
themselves will be associated with granulites, the crustal 
fusion residue (Fig. le). Above regions of return flow where 
the crust is thinned, volcanic rocks may be injected; basalts, 
rhyolites, or, where mixing occurs, andesites (Fig. lf, g, h). 
During periods of maximum thermal turbulence and high 
partial fusion, the ultramafic komatiites may erupt. 

The situation after the convective pattern changes might 
represent that pertaining only for a short time before the 
change. The quantum jumps are considered to be towards 
larger cells (compare with ref. 4). In the model of early 
patterns, heat-mass transfer in the upper layers involves 
a two-storey motion, with basic magmas adding heat to 
the acid layer which itself overturns by magmatic pro- 
cesses. Erratic convective motion could lead to thrusting 
of the mini-continents, which would produce the type of 
tectonics frequently observed when basement rocks are 
exposed. 

It is proposed here that modern ophiolitic plate tectonics 
began only after the thermal regime of the acid crust 
allowed stable thickening’ to the point where granitic 
materials did not cover most of the earth. This idea does 
not conflict with palaeomagnetic results discussed by Piper 
et alè and perhaps provides the “supplement to plate 
theory of orogenesis” discussed in their work. It could be 
predicted that future convective patterns will lead to a 
further thickening of acid materials and a more extensive 
covering the basaltic crust. 

W. S. FYFE 
University of Western Ontario, 
London, Canada 
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Electrons and the 
emission of soot from flames 


AN increasing body of evidence suggests that soot formation 
is associated with ionisation in flames and may be controlled 
electrically. Work in which sooting flames are subjected to 
large electric field?’ shows that all soot particles are 
charged (at least in the presence of an applied field) and 
can therefore be manipulated by fields. This applies not only 
to fully formed particles but also to their growth and burning 
up in flames. Thus by applying fields so as to remove part- 
icles rapidly from the zone in which they are formed, their 
size as well as the total yield is greatly reduced. The former 
is ascribed to the decreasing residence times and the latter 
to the removal of surface on which growth can occur. Con- 
versely, very large particles can be produced by holding them 
stationary against the gas flow by means of a field and there- 
by increasing their residence times. Also, any appre- 
ciable field intensity removes the charged nuclei on which 
carbon particles tend to grow”. 

Many practical systems are not amenable to the appli- 
cation of large electric fields and a great many research 
projects have concerned themselves with the effect of 
additives (refs 4-8 and E. M. Bulewicz, D. G. Evans, and 
P. J. Padley, personal communication). The most effective 
additives have generally proved to be substances which 
have low ionisation potentials or form particles of low 
work functions. Thus the alkali metals, when introduced to 
the extent of parts per million, alter the ‘structure’ of 
carbon black and the effectiveness of the additive in 
breaking long chains is in the inverse order of its ionisation 
potential. Although the order of effectiveness within each 
group of elements is determined by the ionisation potential, 
this does not apply across groups, the alkaline earths, for 
example, differing from the alkali metals, barium additives 
which produce BaOH* as the positive ion being the most 
effective. Also, the same additive can produce suppression 
of soot formation, or its promotion, depending on the 
amount and the position in which it is introduced. Where 
the position of addition is not localised, the pattern is that 
small amounts of additive produce promotion whilst large 
amounts produce suppression with a crossover point of 
zero effect in between. When the additive is introduced 
locally—on a wire, say—insertion at the base of the flame 
produces suppression; introduction higher up results in an 
increase of soot produced’, 

Chemical—as an alternative to electrical— effects have 
been considered responsible for some of these observa- 
tions’. Since electronic structure is inevitably related to 
chemistry, the issue is most likely to be resolved by the 
application of electric fields. Different groups, however, have 
used either additives, or applied fields—not both simultane- 
ously. We now propose a hypothesis based on free electrons 
and then test it by the combination of the two techniques. 
Although the results bear out the hypothesis and, further- 
more, offer a novel practical method for controlling soot 
emission, this does not, of course, constitute a proof that 
chemical effects could not also be important. 

Most of this work has been carried out in diffusion flames 
—-in Which the reactants are initially separate the maxi- 
mum temperature and the main reaction zone occur- 
ring close to the stoichiometric contour. This is also close to 
the surface along which ionisation will peak, being a strong 
function of temperature. It is not, however, the region of 
carbon formation, since conditions for pyrolysis are most 
favourable on the fuel side, where there is a lack ôf oxy- 
gen. Thus if ionisation is to play a major part in soot form- 
ation, the diffusion coefficient of the charge carriér must 
be a most important parameter. Of the particles involved, it 
is the electron that has by far the largest diffusion co- 
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efficient and it is known that the negative charge carrier in 
the high temperature zones of flames is an electron’. We 
therefore suppose, as an initial hypothesis, that the effect of 
additives is entirely due to the free electrons which they 
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Fig. 1 Effect of coating and polarity on soot formation 
above wires. 


produce. We shall then attempt to account for all previous 
experimental observations in terms of such a hypothesis and, 
if that is sugcessful, design some further crucial experi- 
ments. : 

Although the chief role of an influx of additional electrons 
einto the pyrolysis zone is likely to be that of neutralising 
positive charges, this can have two diametrically opposed 
cohsequences, Where’ all or most of the particles'"*, or 
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chains of particles, are positively charged, neutralisation of 
positive charges at their extremities would stop them repel- 
ling one another and thereby remove the obstacle to agglo- 
meration. Agglomerates of appreciable size are much less 
likely to burn away during their subsequent passage through 
the high temperature zones in the presence of oxygen. 
When only a fraction of the chains is charged, on the other 
hand, agglomeration occurs by dipole action, the rate 
reaching a maximum when the fraction charged is a half. 
For smaller proportions of charged particles, electrons will 
therefore decrease agglomeration rates. 

This proposition accords extremely well with the observed 
facts. Large electron concentrations will eventually always 
inhibit agglomeration and thereby suppress soot formation. 
Electron concentrations insufficient to neutralise a very large 
proportion of particles under conditions where the majority 
of particles is charged will act mostly as a ‘glue’ in en- 
couraging small particles to aggregate and thereby increase 
the mass of soot escaping. 

The dependence on the mobility of the positive ion also 
falls into place, although the role attributed to it is dia- 
metrically opposed to what has been supposed hitherto. In 
terms of the above hypothesis, the positive ion acts chiefly 
through recombining with the electrons it meets away from 
the high temperature zone (it is of course much more likely 
to encounter an electron than a carbon particle), The 
larger the ion the smaller its excursion. 

Although this tentative hypothesis thus accounts for all 
the experimental observations, a much more direct test 
would be one in which the additive would be discouraged 
from migrating by being held on a wire at a relatively low 
temperature, whilst the charges emanating from it could be 
controlled by an electric potential applied to the wire. 

Nichrome wires coated with barium oxide and uncoated 
wires of diameter 0.2 mm were inserted at various heights 
into diffusion flames of propane diluted with argon, burning 
with air. The flames consisted of single, approximately flat, 
faces, which were contrived very simply by attaching a ‘fish- 
tail’ nozzle to the fuel burner tube and blowing off the sec- 
ond flame face by an adjacent argon stream emerging from 
a similar nozzle. The results are shown in the photographs of 
Fig. 1 and the current-voltage characteristics of Fig. 2. 

The results are in exact accord with the predictions of 
the hypothesis, in that it is the electron which produces 
effects characteristic of the additive. At heights where the 
additive promotes soot formation (Fig. 1b as compared with 
Fig. la) application of a negative potential, encouraging 
the emission of electrons, greatly increases the effect (Fig. 
ic) and the application of a sufficient positive potential 
prevents it altogether (Fig. ld). It transpired from the 
current-voltage characteristics that positive potentials not 
only prevented electron emission but led to the emission of 
positive ions (Fig. 2) and some ionic wind effects came into 
evidence at higher currents, The absence of soot formation 
in the case of positive ion emission casts doubt on previous 
suppositions that positive inorganic ions themselves act as 
nuclei; they do of course mop up electrons. 

We tried, unsuccessfully, to explain these effects in terms 
of what is already known about the effects of electric fields 
on carbon formation. According to this, the negatively 
charged wire would be expected to collect the positively 
charged carbon particles—and this is indeed precisely what 
happens in the case of the uncoated wire (Fig. 1e)—rather 
than to increase soot formation. Once a layer of carbon is 
built up on the wire, of course, electron emission sets in. 

Figure 1(f-j) illustrates the effects observed when wires 
are inserted into zones in which suppre¢ssion is pro- 
duced by the additive in the absence of an applied potential 
(Fig. 1g). Although these are the reverse of the pattern of 
Fig. la-e they also can be summarised by the observation 
that the behaviour associated with additives is manifested hy 
free electrons. It is accentuated when the applied field pro- 
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Fig. 2 Current/potential characteristics of the wire with 
respect to the burner, of coated (C) and uncoated (U) wires 
in mid-flame. 


motes electron emission and tends to reverse when electron 
emission is prevented by positive polarity of the support. 

We do not suggest that the entire subject of sooting in 
flames can be accounted for in terms of free electrons and 
we think it very likely that the underlying chemical pro- 
cesses retain the importance that has been attributed to 
them. But it does seem possible to account for the behaviour 
of ionising additives entirely in terms of the electrons they 
produce as regards both suppression and promotion, the 
effect of the amount of additive, the site of its introduction 
and the effect of ion size. 

What is probably much more important is that we can 
produce all the observed effects by controlling the emission 
of free charges electrically, using coated surfaces maintained 
hot by the flame, and connected to a source of electrical 
potential—without introducing additives into the fuel and, 
thereafter, into the atmosphere by way of exhaust gases. The 
power that would be involved in injecting electrons in this 
manner would, of course, be quite small, 1 mA being suffici- 
ent to provide 6X 10* particles s~. 

We thank Drs Bulewicz and Padley for comments and 
Esso Research, Abingdon, for financial support to one of 
us (R.J.B.). 
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Radicals in irradiated ethyl iodide and related 
compounds : 


In studies of the radiolysis of various alkyl halides, particular 
attention has been focused on a multiline electron spin resonance 
(ESR) spectrum obtained from ethyl iodide at 77 K (ref. 1). 
Despite the use of a wide range of isotopically enriched 
materials, however, there has been no satisfactory interpretation 
of these complex ESR spectra and this remains one of the 
unsolved problems of ESR spectroscopy. 

The spectrum for normal CH,CH.!I comprises sets of 
‘parallel’ and ‘perpendicular’ type features covering a total 
range of about 1,000 gauss which seem, in the outer regions of 
the spectra, to comprise sextets with a ~ 22 gauss. These are 
centred close to the free-spin g value (see Figures in ref. 1). 

Studies of other alkyl halides®*, indicate that the most likely 
candidates are thea- or B-iodo alkyl radicals (Fig. 1, I and ID). 
Radical I is, however, expected to exhibit a very marked g-value 
variation which would lead to considerable spectral asymmetry, 
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Fig. 1 


with strong features in the region of low-field, and even if these 
radicals were librating or rotating the resulting g,, value would 
be > > 2.0023. This is not observed, and indeed, the spectra are 
completely different from that obtained from irradiated 
a~iodo acetamide, which we assign to HCI(CONH,) radicals 
(G. W. Neilson, and S. P. Mishra, unpublished results). 

Again, the B-iodo radical, II, is expected to have a far 
larger hyperfine coupling to 17I than is possible for the ethyl 
iodide radical, and the a—proton coupling should give rise to a 
triplet having a < 20 gauss. (Coupling to the two B-—protons 
should be small.) 

Thus I and II can be firmly rejected. The radical CH ¿CHa 
 —~— I~ is, however, a likely candidate. Methyl bromide in a 
methyl cyanide matrix gives a species CH, ~ — — Br~, which has 
the normal magnetic properties for methyl radicals, but with 
each feature split into a pair of quartets by hyperfine coupling 
to Br and Br (ref. 6). We have extended this work to include 
methyl iodide, which again gave a spectrum characteristic of 
methyl, with a weak hyperfine coupling to iodine’ (Table 1). 

We find that the spectra published by Willard er alẹ, and 
ourselves for normal CH,CH.I can be quite satisfactorily 
analysed on this hypothesis, using the parameters given in 
Table 1, In particular, the 22. gauss sextets have their + 5/2 
components broadened, as is usually the case for ethyl radicals 
in rigid media, and therefore could be mistaken for quartets 
(1:3:3:1), thus closely resembling the features for 
CH;CD, —-—-—I-, as noted by Willard et al.}. T 

Comparable species were not obtained from methyl iodide 
or from solutions of ethyl iodide in CD,OD. A very similar 


341 





Table 1 ESR parameters for CH CH, ~-~- I~ and related anions 


00 00 NOt Pl Sa YON ead AOD 


Medium Radical Hyperfine COUDE (gauss) *, f 
1H 

CD,ODt CH,---I- 2i (D78 (1)56 

C.H,I CH,CH,---I- 22 (168 (1)126 

Me,CI Me,C ---I7 22 (i)>53.5 (153.5 





* ] gauss = 107? T; 
+, all g values close to 2.0023; 
I, ref. 6. 


species, (Me),C: — — ~ I~, was, however, obtained from 
t-butyliodide (Table 1). 
We conclude that the process involved is 
RI + e7 — R---I- 
in which the radical, R-, has its normal planar geometry, but, 
under favourable circumstances, exhibits a very weak charge- 
transfer interaction with iodide. We suggest that the occurrence 
of this interaction, and its magnitude, is governed primarily by 
the crystal structure of the host compound and therefore by the 
mobility of the alkyl radical. The results for CD,OD solution 
show that the interaction is lost when iodide can be solvated, 
even at 77 K. 
A. R. LYONS 
M. C. R. SYMONS 
S. P. MISHRA 
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The University, 
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Lyoluminescence of trehalose dihydrate 


LYOLUMINESCENCE of trehalose.2H,O in water has been 
observed over a wide range of radiation doses. It has been 
possible to cover linearly the range from 10 rad up to 150 
krad. With some samples the lower limit was 100 mrad. 

The emission of light when irradiated saccharides are dis- 
solved in water has been described??, Saccharides were chosen 
because of their good solubility in water and because they are 
quite good soft tissue equivalent materials. Free radicals which 
formed during irradiation of the solid probably cause the light 
emission when they are set free to react in solution’. 

There is evidence from our experiments that the diffusion 
controlled reactions involved in the process of light emission 
are of the type: 


R+R—> RR (1) 
R'+0, — RO; (2) 
2RO;, > R-R+(0,)3 (3) 


This is based on the several observations. 

(1) The emission spectrum of all saccharides (for example, 
trehalose.2H,O, glucose, mannose) has a maximum at approxi- 
mately 4,900 A as determined by interference filters. This 
coincides with the absorption peaks of the S-»T transition 
of (Op) associate’. , “oy 

(2) When irradiated saccharides. are annealed at different 


e temperatures, they tend to exhibit more lyoluminescence. 


lhis is a result of the temperature-assisted diffusion of Oa 
daring annealing. ce x 
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Fig. 1 Lyoluminescence decay curve of trehalose.2H,O in water. 


(3) The addition of + 10 M concentration of Cut, Cu?t, 
Mn O, and Fe(CN)*- quenches the light to 31%, 14%, 4% 
and 1.5%, respectively, of the value for pure water. Addition 
of fluorescein has no effect, whereas water saturated with O, 
enhances the light emission. The quenching effect of these 
ions is because of the tendency of radicals to react preferentially 
with them instead of with oxygen. The failure of fluorescein to 
enhance the light, suggests that no energy transfer occurs 
between the produced R-R and fluorescein molecules. 

(4) Reaction (2) has to compete with reaction (1). At higher 
concentrations of radicals, that is, at high doses, reaction (1) 
becomes more frequent as the distance between radicals 
decreases. This explains the saturation and the decrease in 
the light yield over 150 krad, which is common for all saccharides 
(Fig. 3). The actual saturation level in solid saccharides, 
as determined by ESR, is over 100 Mrad (ref. 5). 

When luminol solution was used instead of water the en- 
hancement of light emission was a million times in the case of 
glucose and twenty times for trehalose.2H.O. The light emission 
accompanying the oxidation of luminol strongly suggests that 
ROs, with its oxidising properties, is involved in the process. 


Relative light yield per 10mg 


10° 10! 10? 10° 10° 10° 
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D(+) Mannose .2H,O 
D(+) Glucose .H,0 
D(+) Xylose 
D(+) Glucose 
Lactose .H,O 


DC) Fructose 
Raffinose .H,O0 
D(-) Ribose 
D(-) Arabinose 
Sucrose 

D(+) Galactose 


Fig. 2 Lyoluminescence response of sgccharides to radiation. è 
All given the same dose (67 krad) using a “Cg y:source. ° 
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Figure 1 shows the lyoluminescence decay curve of trehalose 
.2H,O in water. The light which can be seen easily with the 
naked eye, was integrated for a period of 3 s, which adequately 
covers the light output. The relative lyoluminescent sensitivity 
of various saccharides is presented in Figure 2. 

The relationship between the radiation dose (using a Co 
y source) and the integrated light intensity is shown in Figure 
3. The curve is linear between 100 mrad and 150 krad. The 
lower limit is mostly controlled by the dark current of the 
photomultiplier tube and can be improved by one order of 
magnitude if a cooled tube is used. It also depends on the 
lyoluminescence response of trehalose which varies for samples 
of different origin. 

The lyoluminescence stability of trehalose.2H,O after 
irradiation was revealed by the isothermal annealing after 
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10° 
10* 


10? 


© 
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Fig. 3 Light yield against radiation dose for trehalose.2H,O 
dissolved in water. 


irradiation. A sample heated to 80° C for 2 h showed no 
change in the light output and heating to 60°C for 60 h 
caused a decrease of only 18%. These results are consistent 
with the measurements of Léfroth ef al.*, who found that 
irradiated trehalose.2H,O loses only 10% of its ESR signal 
after storage for six months. 
We thank Professor J. H. Fremlin for guidance and advice. 
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SY40 nucleoprotein complex activity 
unwinds superhelical turns in SV40 DNA 


THE replication of closed circular superhelical DNA of 
simian virus 40 (SV40) has been shown to proceed through 
replicative intermediates that are composed of newly 
synthesised linear polynucleotide chains hydrogen bonded to 
closed circular template (parental) strands'~*. To replicate 
these molecules in a semiconservative fashion a swivel, about 
the phosphodiester backbone of the template strand of 
DNA, required during polynucleotide chain propagation’, 
Such a swivel could be obtained by a nuclease which intro- 
duces a single-stranded break in the template strand, thereby 
allowing free rotation about the phosphodiester bond 
opposite the nick and relaxing the superhelical turns in the 
DNA molecule. This type of single-stranded break must, 
however, be transient and rapidly ligased closed in the cell 
because breaks in the template strands of replicative inter- 
mediates have not been detected’~*, Alternatively, an activity 
has been described in E. coli and mouse cells’, that can 
relax superhelical turns in closed circular DNAs without 
introducing either single or double-stranded chain scissions 
in the DNA product of this reaction. This ‘untwisting 
activity’ is also a potential candidate for the swivel required 
during SV40 DNA replication. 

The replicative intermediates of SV40 DNA have most 
often been characterised'*’ after lysing SV40-infected cells 
with sodium dodecyl sulfate (SDS) in the presence of 1 M 
NaCl*. This results in the isolation of viral DNA molecules 
that contain little or no protein associated with the DNA’. 
When polyoma’ or SV40-infected'’" cells are lysed instead 
with the nonionic detergent Triton X-100 in the presence 
of 0.2 M NaCl, all the viral DNA is recovered in a rapidly 
sedimenting nucleoprotein complex (44—-53S). This complex 
contains both mature viral DNA as well as the SV40 
replicative intermediates’, associated with histone-like 
proteins and at least two of the viral coat proeins coded 
for by the ssB8 and ftsBI1 loci of SV40"'". The complex 
containing replicative intermediates sediments faster than 
that composed solely of mature viral DNA”, 

Here we report that the SV40 nucleoprotein complex 
has associated with it an untwisting activity that reduces 
the number of superhelical turns in exogenously added 
SV40 DNA. The underwound product of this reaction 
remains closed and circular as detected in the ethidum 
bromide (EtBr)-caesium chloride (CsCl) dye-density gradi- 
ent, This activity has been shown to be associated with 
the nucleoprotein complex that contains either mature or 
replicative intermediates of viral DNA. 

SV40-infected African Green Monkey Kidney cells were 
labelled with *H-thymidine for 20 h, starting 16 h post- 
infection’. The SV40 nucleoprotein complex was isolated 
as described in Fig. 1. After concentrating the preparation 
and dialysis, the complex was incubated at 37°C for 2 h in 
the presence or absence of exogenous purified closed circular 
superhelical (Form D) SV40 DNA’. At the end of this incu- 
bation period, *P-labelled Form I SV40 DNA was added 
(at 0°C) to the sample incubated in the absence of exogen- 
ous SV40 DNA. Each of these reaction mixtures was then 
analysed in an EtBr-CsCl equilibrium gradient to determine 
the amount of Form I and JI DNAs present in each sample 
and to monitor the superhelical density of the endogenous 
DNA (?H-labelled) in the nucleoprotein complex tind ex- 
ogenously added *P-labelled DNA. 

The results of the EtBr-CsCl gradients are presented in 
Fig. 1. Two conclusions can be drawn from these data: 
First, incubation at 37°C for 2 h of 50S complex alone or 
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this complex with exogenously added Form I SV40 DNA 
resulted in no detectable endonuclease activity that gener- 
ated relaxed (Form II or OI) SV40 DNA molecules 
(Table I) under these assay conditions. When the 50S 
nucleoprotein complex was incubated with *P-labelled exo- 
genous SV40 Form I DNA, however, the superhelical 
density of this DNA was decreased as seen by a shift 
of the “P-labelled viral DNA to a heavier density position 
in dye-density gradients (Fig. 1b). The superhelical density of 
Form I DNA in the complex (endogenous; *H-labelled) 
may also show a small reduction in the number of super- 
helical turns (Fig. la, b). 

To determine if this untwisting activity was preferen- 
tially associated with the nucleoprotein complex containing 
mature DNA or replicating intermedates, the experiment 
described above was repeated. A second neutral sucrose 
gradient was used to separate the faster sedimenting com- 
ponent of the nucleoprotein complex that contains mainly 
replicating DNA from the complex containing mostly 
mature viral DNA. The untwisting activity was found to 
be associated with both species of this complex. 

These experiments demonstrate the presence of an un- 
twisting activity, associated with 50S nucleoprotein com- 
plex, that could act as a swivel during replication of 
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Fig. 1 EtBr-CsC1 equilibrium gradients of SV40 DNA 
incubated with the SV40 nucleoprotein complex. SV40- 
infected AGMK cells were labelled with %H-thymidine 
16-36 h after infections. The cells were lysed as described 
previously and the 50S complex was tsolated from a sucrose 
gradient (ref. 9 and A. S., R. Hancock, and A. J. L., un- 
published). The complex was then concentrated (5-8 fold) by 
dialysis against glycerol followed by dialysis against 10 mM 
Tris buffer (pH 7.4), 0.2 M NaCl, 4 mM EDTA and | mM 
B-mercaptoethanol. The *H-labelled (thymidine) nucleopro- 
tein complex was incubated at 37°C for 2 h with or without 
exogenously added “P-labelled purified Form I SV40 DNA 
(ref. 7). The reaction mixture contained 0.5 ug Form I viral 
DNA (1.5 10° c.p.m. pg), 10 mM Tris buffer (pH 7.9), 
0.1 m N&Cl, 2 mM EDTA. The reaction was stopped by 
adding 1°M NaCl and 1.598 g ml~! of CsC! (n= 1.3900). 
100 ug mi-! of EtBr was added (final concentration) and this 
mixture (6 ml total) was spun to equilibrium at 32,000 
r.p.m. for 90 h in a fixed angle 50 rotor. Samples were col- 
lected and counted as described previously’. O, 3H c.p.m. 


® endogenous complex SV40 DNA; A, ”P c.p.m. exogenously 


fl added SV40 DNA. 
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Table 1 Test for nuclease activity in the 50S complex 


Endogenous DNA Exogenous DNA 

Procedure Formi FormI£ Formi  Formil 
No incubation 90% 10% 16%, 24% 
Incubation: 2 h at 37°C 

(SOS complex alone) 88% RZ — —— 
Incubation: 2 h 37°C 

(50S complex plus 94% 6% 124, 28% 

exogenous DNA) 


The experimental details are presented in the legend to Fig. 1. 
The percentage of Form I and I] DNA observed after each incubation 
produce was calculated from the experimental points in Fig. 1. 


superhelical SV40 DNA. The untwisting activity cosedi- 
ments with the 50S complex upon repeated centrifugation, 
and is not found sedimenting at the 50S position of a 
sucrose gradient when uninfected cells are lysed under 
similar conditions, but it is not clear whether this activity 
is associated with nucleoprotein complex in vivo. .Experi- 
ments are in progress to characterise conditions where the 
untwisting activity will act as efficiently upon endogenous 
viral DNA in the nucleoprotein complex as on exogenously 
added purified Form I DNA. When such conditions are 
determined, the nucleoprotein complexes containing repli- 
cating viral DNA would then become useful templates for 
an in vitro DNA replication system. 
ARUP SEN 

ARNOLD J. LEVINE 
Department of Biochemical Sciences, 
Princeton University, 
Princeton, New Jersey 08540 


Received January 4, 1974. 


1 Jaenisch, R., Mayer, A., and Levine, A. J., Nature new Biol., 

2 Sebring, E. D., Kelly, T. J., Thoren, M. M., and Selzman, N. 
P., J. Virol., 8, 478 (1971). 

3 Mayer, A., and Levine, A. J., Virology, 50, 328 (1972). 

* Wang, J. C., J. molec. Biol., 43, 236 (1969). 

5 Wang, J. C., J. molec. Biol., 55, 523 (1971). 

ê Champoux, J. J., and Dulbecco, R., Proc. natn. Acad. Sci., 
U.S.A., 69, 143 (1972). 

T Levine, A. J., Kang, H. S., and Billheimer, F. E., J. molec. 
Biol., 50, 549 (1970). 

8 Hirt, B., J. molec. Biol., 26, 365 (1970). 

* Green, M. H., Miller, H. J., and Hendler, S., Proc. natn. Acad. 
Sci., U.S.A., 68, 1032 (1971). 

10 Beason, M., and White, R., J. Virol., 8, 363 (1971). 

u Sen, A., Hancock, R., Levine, A. J., Virology (in press). 

2 Tentmayer, P., and Ozer, H. L., Virol., 9, 516 (1971). 

3 Maver, A., thesis, Princeton Univ., (1972). 





Enzymatic aziridine synthesis from $ amino- 
alcohols—a new example of endogenous 


carcinogen formation 

BETA aminoalcohols are not only used as drugs, such as eph- 
edrine, chloramphenicol or pronethalol, but also occur 
naturally in animals and man, as adrenaline and noradrenaline, 
for example. It would be interesting to know whether these 
B aminoalcohols can be metabolised to aziridines, a class of 
carcinogenic compounds. Howe? described the carcinogenicity 
of pronethalol (D and supposed that the aziridine (II) could be 
the ultimate carcinogen (Fig. 1). 

In vitro formation of aziridines from B aminoalcohols only 
occurs through a less stable intermediate, for*example by the 
sulphate ester in the Wenker synthesis®. On the‘bther hand, the 
enzymatic formation of, Sulphate esters*is catalysed by various 
sulphotransferases and requires phosphoadenosinephosphosul- 
phate (PAPS) as a sulphate donor. For practical purposes 
PAPS can be substituted by a mixture of ATP and SOQ,™, 
which is transformed partiilly into PAPS by enzymes, contained 
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in the supernatant fraction of liver homogenates’. It should be 
noted, however, that the carcinogenic 2-acetylaminofluorene is 
also metabolised through a sulphate ester to the ultimate 
carcinogen’. We supposed that the hydroxyl group of B amino- 
alcohols also could react enzymatically in special conditions to 
form O sulphates. These sulphates can then be transformed into 
aziridines in a slightly alkaline medium. To confirm this hypo- 
thesis we investigated the enzymatic formation of 1, 2-dime- 
thyl-2-phenylaziridine® (DT) from the B aminoalcohol® (IV), an 
isomer of ephedrine (Fig. 1): 





a 
CH —CH, CH-— CH, 
Bee ee a 
OH NH-Pr' N 
Pr! 
I II 
b 
CH, CH, 
| sulphotransferase l 
C—CH; PAPS ee C CH, 
| 
OH NH-CH, OSOH NH-CH, 
IV 
(H+) Mee 
H,O CH, 
I 
À 
CH, 


Uf 


Fig. 1 a, Pronethalol (1) and its aziridine (1); b, enzymatic formation 
of 1, 2-dimethy], 2-phenylaziridine from the B aminoalcoho!. 


A liver homogenate of a female Hauben rat (20% in 0.1 M 
potassium phosphate buffer, pH 7) was prepared by means of a 
Potter homogeniser and centrifuged at 100,000g for 1 h. To 
5 ml of the supernatant, 75 umol IV, dissolved in 0.05 ml 
ethanol, 50 umol ATP, 50 pmol KSO; and 50 umol MgCl, were 
added. After 2.5 h incubation at 37° C the reaction was ter- 
minated by the addition of 10 ml of ethanol and the precipitate 
removed by centrifugation. The supernatant was adjusted to 
approximately pH 8 by IN NaOH and incubated at 37° C for 
1 h. After evaporating to 5 ml under reduced pressure, the 
alkaline solution was extracted with ether. Basic compounds 
were separated from the ether solution by extraction with 
2N H,SO,. The acid solution was alkalised immediately to 
avoid opening the ring of the aziridine formed. Repeated 
extraction with ether and evaporation to about 0.5 ml yielded a 
concentrate, which was investigated by means of TLC on 
silica gel. The solvent systems used were ethyl acetate-ammonia— 
methanol (85 : 5 : 10) and benzene—acetone (1 : 1), respectively. 

For detecting aziridines, the colour reaction of 4-(4-nitro- 
benzyl-)pyridine perchlorate (NBP-CIO,) with alkylating 
agents’ was modified. The plate was sprayed with 0.5% NBP- 
ClO, in 1, 2-dimethoxyethane, incubated at 100° C for 30 min 
and, after cooling, sprayed with 25% aqueous ammonia. The 
aziridine (III) appeared blue with Rs values of 0.80 and 0.32, 
respectively, identical with those of authentic samples in both 
systems. After standing overnight in 2N H,SO,, HI could not 
be detected in the extract, indicating ring-opening to IV. When 
SO,2- and ATP were not added to the reaction mixture, 
aziridine (III) was not formed. We therefore suppose that the 
aziridine is formed enzymatically from the B aminoalcohol 
according to the pathway shown in Fig. i. 

These investigations were made from the point of view that 
aziridines could be synthesised enzymatically not only from 
various drugs, but also from biogenic B aminoalcohols. This 
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aziridine synthesis might be one of the causes of tumours in 
animals and ment. 

Further investigations on the formation of aziridines from the 
above mentioned B aminoalcohols and on the carcinogenicity 
of these compounds are in progress. 
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Intragenic regulation of the 
synthesis of ®X174 gene A proteins 


ONLY one phage gene, A, has been shown to be necessary 
for the replication of @X174 double-stranded replicative 
form (RF) DNA'*. The host genes required have yet to 
be fully determined although one host mutation, reps, 
prevents progeny RF synthesis‘. Dissection of the charac- 
teristics of gene A has shown that it is (a) cis acting; (b) 
necessary for the detection of a cis-related viral strand 
specific discontinuity in the parental RF*‘; (c) the region of 
the genome which contains the origin of DNA replication’, 
and (d) a gene from which two proteins, A and A’ (mole- 
cular weights 35,000 and 60-65,000, respectively) are 
synthesised®"®, 

A model for the synthesis of two proteins from one 
gene is shown in Fig. 1. The synthesis of the smaller pro- 
tein, A, is initiated internal to gene A. Amber mutants map- 
ping from N14 to R7 synthesise only the A molecule, while 
amber mutants mapping from H90 to S29 do not synthesise 
either molecule’. The tryptic peptides of A’ have been 
shown to include the tryptic peptides of A in addition to 
unshared peptides”. 

While trying to understand how two proteins could be 
synthesised from one gene, we noticed that more of the 
smaller molecule, A, was synthesised than the larger A’. If 
a single mRNA served as a template for both proteins of 
gene A, a simple explanation for this observation could be 
that A’ is translated only from the new mRNA while A is 
synthesised from old mRNA. This model would predict 
that synthesis of A’ but not A would be prevented by pre- 
venting phage mRNA synthesis. 

Preliminary experiments with cells irradiated with ultra- 
violet light before infection (to eliminate host protein 
synthesis?) indicated that A’ synthesis was selectively 
prevented when rifampicin of 200 pg mi-* wa§ added 
various times after infection (1, 5, 10 and 15 min). To 
verify that this effect was associated with gene A function, 
DNA replication experiments were planned. Therefore, the 
rifampicin effect was then examined in mitomycin C-pre- 
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Fig. 1 A model representing synthesis of two proteins from 
gene A of ®X174. The presumed internal initiator would be 
between the R7 and H90 positions. Amber A mutants N14, 
S7, H532y and R7 synthesise a stable A molecule while 
amber A mutants H90, $23, H114, S29, and SI do not syn- 
thesise stable A or A’ molecules. Lt 56 and t’s-7 are temper- 
ature-sensitive gene A mutants. The transcriptional and 
translational directions were derived from previous 
studies**-**, The map of gene A was constructed by Marie 
N. Hayashi. 


treated cells (to eliminate host DNA synthesis") using two 
hosts: E. coli HF4704 Rif", a mutant resistant to rifampicin 
in RNA polymerase, and E. coli HF4704, a rifampicin- 
Sensitive host. Figure 2a shows the effect of adding 200 yg 
ml-' of rifampicin on *H-uridine incorporation with mito- 
mycin C-pretreated, ®X174-infected HF4704 15 min after 
infection. Figure 2b illustrates the same with the rifampicin- 
resistant host, HF4704 Rif". Rifampicin selectively inhibits 
RNA synthesis in HF4704 cells but not in HF4704 Riff 
cells. 

The same protocol was used for labelling ®X174-specific 
proteins. Rifampicin (200 wg ml) was added 15 min after 
infection and *H-lysine was added 1 min later. The infec- 
tion was allowed to proceed for 15 min and then the 
protein was isolated and run on sodium dodecyl sulphate 
(SDS) polyacrylamide gels". Control cultures without 
rifampicin were labelled with “C-lysine from 16 to 30 min 
after infection (with no mitomycin C pretreatment of cells, 
phage protein is primarily synthesised 15 min after infec- 
tion (E. Linney, unpublished observation)). Figure 3q shows 
the gel patterns of protein from the infected rifampicin- 
resistant host. The patterns with or without rifampicin are 
identical. Figure 3b illustrates that with the rifampicin 
sensitive host A’ is clearly not synthesised when rifampicin 
is added. All the other phage proteins, previously identified 
by this laboratory", are synthesised. 

If A is translated from old mRNA, the ratio of A/A’ 
synthesised might be expected to increase as the infection 
proceeds. Table 1 summarises results which illustrate this 
point. E. coli HF4704 was preirradiated with ultraviolet 
light to eliminate host protein synthesis. Cells were then 
infected with an amber mutant, N11, in the lysis gene E. 
Protein was labelled with *H-lysine from 0-10, 10-20 and 
30-40 min after infection. The protein was isolated and 
separated on SDS polyacrylamide gels®™. The ratio of A/A’ 
was calculated from their regions in the gels. In addition, 
a 0-10 min labelled culture was washed and chased 10-30 
min after infection with cold lysine. Similarly, a 10-20 min 
culture was washed and chased 20-40 min after infection 
with cold lysine. The results in Table 1 support the view 
that more A is synthesised than A’ as the infection pro- 
ceeds. Additipnally the chase data support the view that A’ 
does not chase into the smaller protein A. 

Because of the mgny conflicting reports on the molecular 
weight of gene A products*#+83-. this effect of rifampicin 


* on the synthesis of A’ was examined to see whether it 
ecorrelated with gene A function. To examine this, mito- 


mycin C-prgtreated £1F4704 cells were infected in the pre- 
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- Fig. 2 Incorporation of °H-uridine into mitomycin C- 
pretreated, DX174-infected cells. E. coli HF4704 Rif" is a 
spontaneuos mutant of E. coli HF4704 selected on rifampicin 
plates by Marie N. Hayashi. It was found to be rifampicin- 
resistant in RNA poly erase. HFC and HFB medium have 
been described previously". Cells were pretreated with mito- 
mycin C at 37° C at a cell concentration of 5 x 10* ml-? in 
HFC for 30 min with no agitation?. Cells were then sedi- 
mented and washed once in cold HFB. Phages were 
adsorbed for 5 min in HFB at a cell concentration of 
5x 10° mi~ at 37° C before starting the infection by diluting 
ten-fold with HFC. RNA was labelled by adding 20 «Ci ml-* 
*H-uridine (New England Nuclear Corp., 26 Gi mmol~’) to 
cultures containing 2 pg mi’ uridine. Fractions (200 yl) 
were taken for incorporation experiments, precipitated with 
trichloroacelic acid (TCA) and colkcted on Whatman 
GF/C filters for scintillation counting. a, Host cell, HF4704; 
no rifampicin ( ®—@ ) 200 «ag mi rifampicin added 15 
min after infection (O---O ). b, Host cell rifampicin- 
resistant, HF4704 Rif”; no rifampicin y @-—@ ); 200 gE ml-4 
rifampicin added 18 min after infection (@---O). 


Ld 


Nature Vol. 249 May 24 1974 


3H c.pan. 
44C ¢.p.m. 





37H emi: 





Fraction No. 


Fig. 3 SDS polyacrylamide gel of *H and 'C-lysine of 
@PX174 total protein from mitomycin C-pretreated cells 
labelled 16-30 min after infection. Decreasing molecular 
weight is to the left. The letters represent the gene products 
previously identified in this laboratory’. The electro- 
phoresis methods have been described previously’. For 
labelling protein 20 ug mi~? of *H-lysine (Amersham-Searle, 
5.3 6 mmol™!) was added at the given time or C-lysine 
(Amersham-Searle, 342 MCi mmol=!) at an equivalent lysine 
concentration. a, Protein from @X174-infected HF4704 
Rift: 200 pg ml- rifampicin, 15 min after infection, 3H- 
lysine, 16-30 min after infection (@—@); no rifampicin, 
NC-lysine 16-30 min after infection ( O---O ), b, Protein 
from ?X174-infected HF4704: 200 ug mi~ rifampicin 15 
min after infection (-——); *H-lysine, 16-30 min after 
infection ( @—@); no rifampicin, “C-lysine, 16-30 min after 
infection (O---O), 


sence of 200 xg mi chloramphenicol to allow parental 
RF synthesis! and mRNA synthesis (unpublished obser- 
vations of M.H.) but to inhibit protein synthesis. After 10 
min of infection the chloramphenicol was washed out in 


the presence and in the absence of 200 vg ml” of rifampicin. 


After washing, the infection was allowed to proceed in the 
presence or absence of 200 xg mil’ of rifampicin, res- 
pectively. Thus, the rifampicin culture would have to rely 
on old mRNA for gene A function. Figure 4 illustrates 
‘H-thymidine incorporation under these conditions. In the 
presence of chloramphenicol for 30 min, DNA replication 
was inhibited while if the chloramphenicol was removed in 
the absence of rifampicin DNA replication proceeded. If 
chloramphenicol was replaced with rifampicin, DNA repli- 
cation remains inhibited. 

Thus, phage DNA replication is prevented when it is 
made dependent on old phage mRNA. That this effect is 
related to the absence of A’ synthesis and not the absence 
of a mecessary newly synthesised host protein is suggested 
by previous findings that in cells preirradiated with ultra- 
violet light to eliminate host protein synthesis, phage DNA 
replication occurs". 

The results indicate that A’ is necessary for gene A func- 
tion. The tight coupling between translation and transcrip- 
tion could be responsible for the cis effect of gene A. Since 
both A and A’ have been shown to bind tightly to DNA 
cellulose columns’, if A’ is synthesised at the DNA template 
as the tight coupling suggests, this affinity might increase 
the possibility of A’ remaining there and not diffusing to 
another phage DNA molecule. 
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Because the smaller gene A protein, A, and the other 
identified phage proteins are synthesised in the presence of 
rifampicin the results suggest that the 5’ end of the gene A 
message is unique. A promoter is presumed to be located 
at the beginning of gene A’ because the observed gene F 
to gene H polarity has not been found to extend to gene 
A. Although ?X174 mRNA has been found to be struc- 
turally stable in a macromolecular sense”, it has been 
shown” that the functional half life of gene F mRNA from 
the related phage Si3 follows a two-component curve: 
about 70%, of functional message decays with a half life 
(ú) of approximately 1.4 min and 30% with a 
hy of approximately 14 min. Since a promoter site is pre- 
sumed to be at the beginning of gene F (ref. 18), the ne of 
approximately 1.4 min was suggested to be caused by rapid 
degradation of the 5’ end of the gene F message”. This 
model of degradation from the promoter end of phage 
mRNA” is consistent with our results for A’ synthesis. 
Quantitation of A’ synthesis immediately after the addition 
of rifampicin is impossible at this point in time because it 
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Fig. “4 *H-thymidine incorporation into mitomycin C- 
pretreated HF4704, ‘)X174-infected cultures. Chloram- 
phenicol (a gift from Parke-Davis Co.) was used at a con- 
centration of 200 ag mi-!. Cells were washed twice with 
HFC with *H-thymidine plus or minus rifampicin to remove 
the chloramphenicol. Rifampicin (Calbiochem) dissolved in 
dimethyl sulphoxide (20 mg ml~') was used at a concentra- 
tion of 200 „g mi-!. DNA was labelled by adding 20p%Ci 
mi~? of *H-thymidine (New England Nuclear Corp., 6.7 Ci 
mmol-' was added to the media containing 5 ug ml~? thy- 
mine. No chloramphenicol’ (@--®); 200 „mg mI‘ chlor- 
amphenicol from 0 to 30 min after infection (OQ—O); 
chloramphenicol present from 0 to 10 min after ¢nfection 
and then washed out ( ®---@); chloramphenicol washed 
out in the presence of 200 ng mi—' of rifampicin 10 min 
after infection and the infection then allowed to proceed 
in the presetice of rifampicin (0+ -O) 
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Fig. 5 Two models for gene 4 on RNA. L) A’ translational 
initiation site; A translational initiation site. 


is a minor peak in the total gel profile. When rifampicin 
and *H-lysine are added together, 15 min after infection, 
no detectable A’ is synthesised. The possibility remains that 
a small base-pairing region at the 5’ end of gene A message 
rather than selective degradation at the end could explain 
this phenomenon. However, the decrease in A synthesis 
after the addition of rifampicin (see Fig. 3b) supports the 
degradation model (Fig. 5). It is still not known whether 
there exists a promoter internal to gene A that might also 
explain the synthesis of the smaller gene A protein. If this 
were the correct explanation there would still be different 
mRNA stabilities for the A’ and A mRNAs. 





Table 1 Ratio of *H-lysine c._p.m. in A and A’ from E. coli 

HF4704 preirradiated with ultraviolet light to eliminate host 

protein synthesis!) and then infected with the ®X174 lysis 
mutant, N1l 


Conditions A c.p.m./A’ ¢.p.m. 


0-10 min pulse 1.9 
10-30 min chase 1.9 
10-20 min pulse 2a 
20-40 min chase 2.6 
30-40 min pulse 2.8 


The effect of rifampicin on ©X174 DNA replication has 
been described before. Although it does not prevent com- 
plementary strand synthesis on the incoming single-stranded 
DNA molecule”, as has been found for M13 (ref. 21), it 
has been shown to inhibit phage DNA replication when 
added before infection”. Addition of rifampicin later in 
infection allowed replication to occur. The assumption made 
in ref. 22 was that gene A mRNA was long lived and 
sufficient mRNA was available for gene A to function after 
the addition of rifampicin. The results are consistent with 
ours but our interpretation would be that once gene A is 
allowed to function, new A’ is not necessary for continued 
phage DNA replication. 

Although the results suggest that the larger of the two 
gene A proteins is necessary for gene A function, they pro- 
vide no explanation for the smaller protein, A. For reasons 
we cannot explain this molecule is not clearly separated 
from gene H protein when bis acrylamide is used as a 
cross-linker in SDS polyacrylamide gels. Since bis acryl- 
amide has been commonly used by the other laboratories, 
our use of ethylene diacrylate as a cross-linker which clearly 
separates A and H “(see Fig. 3a and b) explains why no 
other laboratory has associated a 35,000 molecular weight 
protein with gene A. No function has been established for 
As though a minor’ tirion component (approximately one 
molecule pef particle’) described previously" has been 
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found to coelectrophorese with A isolated from single- 
stranded DNA cellulose ‘columns. 
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Requirement for either DNA polymerase I 
or DNA polymerase II in post-replication 
repair in excision-proficient Escherichia coli 


WHEN Escherichia coli bacteria deficient in excision repair (uvr) 
replicate their DNA after ultraviolet irradiation the newly- 
synthesised DNA contains gaps which are rejoined during 
subsequent incubation? by a postreplication fepair process 
believed to be recombinational in nature®. Double mutants 
(uvr recA) deficient in both excision and post-replication repair 


are up to 25 times more sensitive to ultraviolet than those” 


deficient in excision alone*. Bacteria deffctent in excision repai? 
and DNA polymerase I (vr polA) in contrasteare no more 
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ultraviolet-sensitive than those deficient solely in excision‘, 
which might suggest that DNA polymerase I is not required 
for successful post-replication repair. The fact that DNA 
polymerase II seems to be able to substitute for DNA 
polymerase I in the repair of excision gaps*, and type H DNA 
strand breaks® after X irradiation, however, indicates that 
DNA polymerase I cannot be excluded from involvement in 
post-replication repair if similar substitution by DNA 
polymerase III could occur there. 

We have therefore examined the filling and joining of 
daughter-strand gaps in DNA synthesised after exposure to 
ultraviolet of bacteria deficient in DNA polymerase I (polA) 
and possessing temperature-sensitive DNA polymerase II] 
activity (dnaE). The results are consistent with a requirement 
for either DNA polymerase I or DNA polymerase III in the 
gap-filling process. ` 

We used E.coli BT1026 dnaE polA-1 thy (ref. 7) and 1026-1 
which is a pol4+ MMS-resistant revertant isolated by W. Goebel. 
Some experiments were also carried out with a related strain 
BT1126 dnaE polA-\ thy (ref. 8) which carries a different 
dnaE mutation. All these strains are deficient in endonuclease I. 
The bacteria were grown at 33° C (permissive temperature) 
to about 2 x 10®ml-! in M9 minimal medium supplemented 
with 1% casein hydrolysate and 2 ug ml“! thymine and exposed 
to ultraviolet. They were then pulse labelled at 33° C by the 
addition of 100 Ci (?H-methyl) thymidine ml— for a period of 
7.5 to 12.5 min, filtered on membrane filters, washed with 
ten volumes of prewarmed buffer, and resuspended in unlabelled 
medium. The length of the pulse was adjusted to ensure that 
label uptake was not too dissimilar in irradiated and un- 
irradiated cultures to minimise end-error artefact®. The mole- 
cular weight of the DNA synthesised during the pulse was 
examined by centrifugation through an alkaline sucrose density 
gradient immediately after the pulse and at various times 
during subsequent incubation of the bacteria at 33° C or 
44° C (restrictive temperature for duaE). 

Strain 1026-1 is phenotypically PolA*+ DnaEt at 33° C and, 
as expected, filled gaps in daughter-strand DNA efficiently 
within 20 min at that temperature (Fig. lb, c). At 44° C, 
daughter-strand gaps were also joined within 20 min. (Fig. 1d) 
indicating that postreplication repair can occur with no 
noticeable loss of efficiency in the absence of DNA poly- 
merase IIL activity. It also shows that continued normal 
semiconservative replication is not necessary for post- 
replication gap filling. 

As found with other po/A bacteria!®, DNA synthesised in 
BT1026 at 33° C did not reach normal size as fast as in polAt 
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Fig. 1 Alkaline sucrose gradient sedimentation profiles of newly- 
synthesised DNA from E. coli 1026-1. a No ultraviolet, 7.5 min 
3H -thymidine pulse; b 100 ergs mm ultraviolet, 10 min *H-thymidine 
pulse; c, 100 ergs mm? ultraviolet, 10 min *H-thymidine pulse, 
20 min incubation at 33° C; d, 100 ergs mm ultraviolet, 10 min 
3H-thymidine pulse, 20 min incubation at 44° C. 
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bacteria and about 20 min of subsequent incubation were 
needed before the normal] profile was obtained (Fig. 2a). 
Further incubation did not result in any further increase in 
size. DNA synthesised in irradiated BT1026 was of smaller 
size. After 80 min incubation at 33° C, however, the DNA had 
been joined together to form pieces of normal size (Fig. 2c). 
Thus at 33° C, where BT 1026 is phenotypically PolA~ DnaEt, 
daughter-strand gaps could be filled indicating that a deficiency 
of DNA polymerase I does not prevent postreplication gap- 
filling although the process is slower tn this strain. 

In BT1126 there was postreplication repair during 30 min 
incubation at 33° C (Fig. 3c) indicating that in this strain the 
polymerase I deficiency did not markedly slow down the rate 
of gap filling. Other experiments have shown that polA dnaE* 
bacteria are able to carry out gap filling at 44° C (data not 
shown). 

In contrast, in both BT1026 and BT1126 at 44° C, where the 
bacteria were phenotypically PolA DnaE-, DNA that had 
been synthesised on an irradiated template (Fig. 3b) never 
increased to normal size and was degraded (Figs 2d and 3d). 
Degradation was faster in BT1126, the smaller pieces being 
completely acid-soluble within 15 min. Thus where both 
polymerase I and polymerase III were inactive there was no 
detectable filling of daughter-strand gaps. If there was any 
residual repair (perhaps involving DNA polymerase II) it was 
very limited in extent and did not give rise to DNA of normal 
size. 

An interesting observation with BT!I026 was that when 
unirradiated bacteria were transferred to 44° C after being 
pulse labelled at 33° C, the initially smal] DNA increased in 
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Fig. 2 Alkaline sucrose gradient sedimentation profiles of newly- 
synthesised DNA from £. coli 1026. a, No ultraviolet, 7.5 min 
3H-thymidine pulse with no (@) or 20 min (QO) incubation at 33°; 
b, no ultraviolet, 7.5 min “H-thymidine pulse, with 20 min (@) or 80 
min (O) incubation at 44°C; c, 100 ergs mm*2 ultraviolet, 12.5 min 3H- 
thymidine pulse, no (@), 20 min (O) or 80 min (A) incubation at 
33°; d, 100 ergs mm ultraviolet, 12.5 min *H-thymidine pulse, 
20 min ( @) or 80 min (O) incubation at 44°C. 


size and sedimented at essentially the normal molecular weight 
after 20 min incubation but further incubation to 80 min 
resulted in a decrease in size without any loss of counts (Fig. 2b). 
We have no explanation for this observation. 

We conclude that ultraviolet-irradiated bacteria deficient in 
either DNA polymerase I or DNA polymerase III are able to 
carry out postreplication gap filling. Bacteria deficient in both 
polymerases show little or no postreplication gap filling and 
tend to degrade newly-synthesised DNA. The results are 
consistent with the hypothesis that the two polymerases can 
substitute one for the other in daughter-strand gap filling, 
as in repair replication after excision repair®. The data do not 
give any indication as to which is the normal polymerase in 
conditions in which both enzymes are present and potentially 
active. 
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Fig. 3 Alkaline sucrose gradient sedimentation profiles of newly- 

synthesised DNA from E. coli BT1126. a, No ultraviolet, 7.5 min 

3H-thymidine pulse with no (@) or 30 min (2) incubation at 33 C; 

b 100 ergs mm ultraviolet, [0 min *H-thymidine pulse; c, 100 ergs 

mm2? ultraviolet, 10 min 3H-thymidine pulse, 30 min incubation at 

33° C; d, 100 ergs mm ultraviolet 10 min °H thymidine pulse, 
45 min incubation at 44> C. 


It should be emphasised that these results have been obtained 
with excision-proficient strains. Their postreplication repair 
process may conceivably be different from that in excision- 
deficient strains. It is possible, for example, to formulate a 
model for excision-proficient bacteria in which photoproducts 
are excised from recently replicated parental DNA using the 
homologous parental strand transiently rehybridised with it as 
the template for repair replication. Such a process might be 
expected to require both excision and recombination genes. 
Circumstantial evidence for a process with such requirements 
has been recently reported". 
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Is the cytoplasm a site of 
nuclear DNA synthesis? 


OBSERVATIONS which do not harmonise with the original self- 
replicative scheme of DNA synthesis have received little 
attention. In particular, interest in cytoplasmic DNA synthesis 
in eukaryotic cells has been limited to semiautonomous struc- 
tures which contain DNA templates. But it was pointed out? 
as early as 1958 that transfer of genetic information between 
DNA, RNA and protein often can proceed in either direction. 
It is possible that an initial step of DNA synthesis, correspond- 
ing for example to RNA-primed synthesis of Okazaki frag- 
ments?*?, may generally occur out of cell nuclei and without 
direct participation of a DNA template. 
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cytoplasmic fraction by nuclear DNA during the homogenate 
fractionation. I have therefore come to the conclusion that 
the cytoplasmic DNA synthesis may represent a prenuclear 
stage of the genome replication. 
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Table 1 Incorporation of C-thymidine into nuclear, organellar and cytoplasmic DNA fractions of germinating wheat embryos 


Germination 
time Nuclear 
(h) (ug) (d.p.m.) 
3 125 <10 
6 120 250 
12 140 640 
24 170 1,350 


DNA amount and radioactivity (per 100 embryos) 


Organellar Cytoplasmic 
(ug) (d.p.m.) (ug) (d.p.m.) 
15 <10 <5 <10 
20 <10 <5 220 
25 40 <5 210 
20 150 <5 120 


A sample of 350 wheat grains was surface sterilised with 2% NaClo and left at 2° C for 8 h with 10 ml of “C-thymidine solution (1.0 pCi mi~“, 
53 pC-ymol). The prelabelled sample was washed with water and allowed to germinate at 22° C for the indicated time. Embryos were 
then separated and ground in a mortar with 10 ml of ice-cold 0.25 M sucrose containing 15 mM potassium phosphate (pH 7.3) and 10 mM 
MgCl... The homogenate was filtered through a nylon tissue and fractionated by centrifugation. Nuclear (1,000¢ pellet), organellar (18,000g 
pellet) and cytoplasmic (18,000¢ supernatant) fractions were obtained and washed with 0.3 M HClO, containing | mM thymidine. RNA 
was removed by an alkaline hydrolysis (0.3 M KOH, 37° C, 15 h) and DNA fraction obtained as an acid hydrolysate (0.5 M HCI, 100° C, 
30 min). The acid hydrolysate was applied to paper chromatography in a water-saturated butan-l-o] solvent system’. Adenine and guanine 
were eluted from the corresponding spots and determined spectrophotometrically to calculate the DNA content. The origin, containing a mixture 
of pyrimidine nucleotides resulting from the acid hydrolysis of DNA, was used for the measurement of radioactivity in a Packard liquid scintil- 


_lation counter. 


We tested for a prenuclear stage of DNA formation in 
germinating wheat embryo, in which biosynthetic events 
triggered after the breaking of dormancy are naturally synchro- 
nised*, It has been observed’ that incorporation of thymidine 
into DNA of germinating wheat seeds begins only after some 
preliminary activation of RNA synthesis is completed, imply- 
ing an RNA-dependent DNA synthesis in this system. To 
check whether the cytoplasm may contribute to the early 
stage of DNA synthesis, wheat grains were prelabelled with 
MC’-thymidine and germinated for various periods. Total 
amounts and radioactivities of nuclear, organellar and cyto- 
plasmic DNA of the embryo were then determined (Table 1). 

I found that after 6 h germination radioactive DNA appeared 
in the nuclear and soluble cytoplasmic fractions (Table 1). 
Specific radioactivity of the cytoplasmic DNA was, however, 
at least 20-fold higher than that of the nuclear DNA. As 
germination proceeded further the radioactivity of the cyto- 
plasmic DNA decreased considerably and that of the nuclear 
DNA rose correspondingly. These observations are consistent 
with the hypothesis of a precursor—product relationship be- 
tween the cytoplasmic and nuclear DNA. Rapid activation 
of cytoplasmic DNA synthesis in an early response to pro- 
liferative stimuli has been observed in other eukaryotic cells®°. 
The experimental data do not exclude the possibility of an 
independent synthesis of the cytoplasmic and nuclear DNA. 
But the only explicable reason for the synthesis of deoxyribo- 
polynucleotides in the supernatant fraction of the cyto- 
plasm, which is virtually free of mature DNA molecules, is 
to supply them to the nucleus and other DNA-containing 
structures. 

Another explanation is the transport of informational DNA 
from nucleus to cytoplasm, which has been reporfed for cultured 
animal cells’, This explanation, however, can be hardly ex- 
tended to the germinating wheat embryo, where radioactivity 


of the cytoplasmic DNA decreases after the nuclear DNA, 


becomes highly radioactive. The same observation seems to 


exclude the possibility of a significant Contamination of thé 
e 


2 Okazaki, R., Okazaki, T., Sakebe, K., Sugimoto, K., Sugino, A., 
and Iwatsuki, N., Cold Spring Harbor Symp. quant. Biol., 33, 
129 (1968). 

3 Okazaki, R., Sugino, A., Hirose, S., and Tamanoi, F., Ninth Int. 
Congress of Biochem., Stockholm, 126 (1973). 

4 Dobrzanska, M., Tomaszewski, M., Grzelezak, Z., Rejman, E., 
and Buchowicz, J., Nature, 244, 507 (1973). 

6 Rejman, E., and Buchowicz, J., Phytochemistry, 10, 2951 (1971). 

€ Hanson, K. P., Ivanova, L. V., Nikitina, Z. S., Shutko, A. N., 
and Komar, V. E., Biokhimiya, 35, 635 (1970). 

7 Chang, L. M. S., and Bollum, F. J., J. biol. Chem., 247, 7958 (1972). 

8 Chang, L. M. S., Brown, M. K., and Bollum, F. J., J. molec. Biol., 

74, 1 (1973). 
° Koch, J., and Pfeil, H. V., FEBS Lett., 24, 53 (1972). 
1 Buchanan, J. G., Nature, 168, 1091 (1951). 


aa a LE AS A TEEN 


Effect of 5-bromodeoxyuridine on the size 
distribution of DNAs isolated from sea 
urchin embryos 





5-BROMODEOXYURIDINE (BUdR), an analogue of thymidine, 
has been shown to selectively inhibit cell differentiation in 
various cell types and development of embryos, without 
affecting cell maintenance capabilities'. Gontcharoff and 
Mazia? demonstrated that exposure of newly fertilised sea 
urchin eggs or early cleavage stage embryos to BUdR 
resulted in embryos which did not gastrulate or produce 
echinochrome pigment. From this laboratory evidence has 
been reported’? for a BUdR-induced modification of DNA 
replication in developing sea urchin embyros. Pulse-chase 
experiments in sea urchin gastrulae demonstrated that newly 
synthesised low molecular weight (8-155) nuclear DNA 
labelled with “H-BUdR was not readily chased by unlabelled 
BUdReinto higher molecular’ weight DNA. In contrast, 
8.15S DNA labelled with *H-thymidine was converted into 
higher molecular weight DNA during a relatively short 
chase period with unlabelled thymidire. This data suggested 
the incorporation of BUdR into newly synthesised low 
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molecular weight DNA molecules in embryos might prevent 
or slow the rate of normal linkage of such molecules into 
higher molecular weight DNA. 

We report here that morula and blastula stage sea urchin 
embryos grown continuously from fertilisation in the 
presence of BUdR accumulate DNA molecules (30-605) 
which are not integrated into higher molecular weight bulk 
DNA. 

The effect of BUdR on the size distribution of isolated 
long term “P-labelled DNA. from embyos was determined 
on neutral sucrose gradients. A control culture of morula 
stage embryos grown continuously from fertilisation in the 
presence of "H-thymidine was collected and mixed with a 
culture of morula stage embryos similarly labelled with.”P 
but grown continuously in the presence of either 50 xg ml7™ 
BUdR or 50 pg ml“ thymidine (TdR). DNA was coisolated 
from mixtures of °H- and “P-labelled embryos and centri- 
fuged through a neutral sucrose gradient as described in the 
legend to Fig. 1. “P-labelled morula stage DNA isolated 
from embryos grown in the presence of 50 »g ml“! TdR 
sedimented with a distribution similar to *H-labelled morula 
stage DNA coisolated from embryos grown without added 
nucleoside (Fig. 1a). In contrast, a portion of “P-labelled 
morula stage DNA isolated from embryos grown in the 
presence of 50 g mi~! BUdR sedimented more slowly than 
*H-labelled morula DNA coisolated from the control culture 
(Fig. 1b). Similar differences in sedimentation distribution 
of control DNAs and DNAs isolated from embryos grown 
in the presence of BUdR were obtained from blastula stage 
embryos. 

A summary of data demonstrating the effect of BUdR on 
the size distribution of “P-labelled morula and blastula stage 
DNAs on neutral sucrose gradients is presented in Table 1. 
In addition to the coisolation and sedimentation of BUdR 
and control DNAs as shown in Fig. 1, long term “P-labelled 
DNAs were isolated separately and consedimented with 
marker *“H-DNA from bacteriophage 80. This facilitated a 
determination of the proportion of different size ranges of 
sea urchin DNA compared with the position of the marker 
DNA. A portion of the *P-labelled DNAs isolated from 
both morula and blastula stage embryos grown in the 
presence of BUdR sediments more slowly than ™“P-labelled 
DNA isolated from control cultures. The difference is 
represented by a decrease in the proportion of DNA 
sedimenting at greater than 60S and a corresponding in- 
crease of 8-10% in the morula and 3-5% in the blastula 
stage DNA sedimenting in a range from 30-60S. That this 
difference in sedimentation distribution is specifically the 
result of the presence of BUdR during embryogenesis rather 
than excess deoxyribonucleosides in the culture medium is 
demonstrated by the close similarity between the sedimenta- 
tion distribution of DNA isolated from control cultures and 
those in which the embryos were grown in 50 pg ml- TdR 
(Fig. ta and Table 1). 

To ensure that the difference in sedimentation of *P- 
labelled DNAs obtained from embryos grown in the 
presence of BUdR (compared with control] DNAs) was not 
the result of *“P-containing molecules other than DNA, 
samples of the sea urchin DNA preparations labelled with 
*“P were subjected to enzymatic and alkaline treatment. 
More than 90% of the “P was resistant to a mixture of 
pancreeatic and T: RNases; more than 95% of the radio- 
activity was DNase-sensitive; more than 85% of the P 
was resistant to 0.2 M NaOH at 60° C for 1 h. Thus at least 
85%, of the *P recovered was in DNA. More importantly, 
“P-labelled morula stage DNA isolated from embryos grown 
in the presence of BUdR was incubated with or without the 
addition of DNase and then centrifuged through eneutral 
sucrose gradients (data not shown). The small percentage of 
DNase-resistant *P was found near the top of the gradient. 
Therefore, we believe that the shift in distribution of “P 
observed in the sedimentation profiles of DNAs isolated 
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_ &p.m.??P x 10-3 





20 
Fraction No. 


Fig. 1 Comparison on neutral sucrose gradients of profiles of 
control DNAs and DNAs synthesised in the presence of BUdR. 
Strongylocentrotus purpuratus embryos were cultured? in artifi- 
cial seawater? containing penicillin and streptomycin to the 
morula stage of development: A, DNA coisolated from embryos 
grown under normal conditions in the presence of 2 »Ci ml? 
4H-methyl-thymidine (20 Ci mmol~!) and then mixed after growth 
with embryos grown in the presence of 50 pg ml! TdR with I 
pCi ml! #P; B, DNA coisolated from control embryos grown 
under normal conditions in the presence of 3H-TdR and then 
mixed with embryos grown in the presence of 50 gg mi! BUdR 
and | aCi ml! 2P. In all comparative experiments cultures were 
derived from a single batch of eggs pooled from several females. 
Nucleosides were added immediately after fertilisation and 
radioisotopes were added 10 min after fertilisation, all being 
present until the embryos were collected. Each 100 ml culture of 
embryos was killed by the addition of an equal volume of 20% 
phenol (freshly redistilled, saturated with 50 mM sodium phos- 
phate buffer, pH 7.0) in -20° C ethanol. The embryos were pellet- 
ed from the alcohol-phenol solution by centrifugation at 10,000 
g for 15 min and resuspended in 100 ml of 100° ethanol. After 
an additional centrifugation, embryos were resuspended and 
combined in a total of 10 ml of buffer which was 50 mM Tris, 
50 mM EDTA, pH 8.5 at 37° C. Cells were lysed by the 
addition of sodium dodecylsulphate to 0.5%. Pronase (predigested 
1.5 h at 37° C in Tris-EDTA buffer) was added to 1 mg ml? and 
the lysate was kept overnight at 37° C. z-Amylase (Worthington, 
twice crystallised) was added to 100 ug ml! and pancreatic 
RNase ‘(Worthington, stock solution is 2 mg ml? in 0.15 M 
NaCl, heated to 85° C for 20 min) to 20 ag ml?; the mixture 
was then incubated at 37° C for 2 h. Predigested pronase was 
then added to 100 ug ml! and the DNA was held at 37° C 
overnight. The resulting DNA solution was extracted three 
times with phenol and extensively dialysed against 1 x SSC 
(SSC is 0.15 M NaCl, 0.015 M sodium citrate), Approximately 
45 ug of the 3H- and ”P-labelled coisolated DNA was brought 
to a final volume of 1.0 ml in 1 x SSC and layered onto a 30 ml 
5-20% sucrose gradient containing 1 M NaCl, 20 mM Tris-HCl, 
1 mM EDTA, pH:7.3. Centrifugation was in a Beckman SW 
25.1 rotor for 10 h at 24,000 r.p.m. at 20° C. Fractions were 
collected from the bottom of the gradient and precipitated at 
4° C by the addition of 2 volumes of 10% trichloroacetic acid 
and 25 pg bovine serum albumen. Fractions were collected on 
Whatman GF/A filters, dried, and counted in toluene-based 
scintillation fluid. O, SP; @, °H. 


from embryas grown in the presence of BUdR (Fig. 1b and 
Table 1) represents “P-containing DNA. 
It should be noted that the portion of isolated bulk DNA 


e which contains radioactivity represents only nuclear DNA, 


for mitochondrial DNA replication does not occur in sea 
uschin embryos until* after gastrylation'’, 
o 
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Table 1 Summary of data demonstrating an effect by BUdR on 
sedimentation in neutral sucrose gradients of *P-labelled DNAs 
isolated from sea urchins embryos. 





Calcu- 
520, w latedt % of total counts 
distribu- molecular Morula Blastula 
tion* weight Control BUdR TdR Control BUdR TdR 
x 10-6 
> 60 > 154 47.9 38.7 50.4 70.3 64.9 70.9 


46.5 36.3 23.8 ZTS -22 


30—60 20.7—154 39.1 
78 70 


0—30 0-—20.7 13.0 14.8 114 59 


DNA was isolated and centrifuged as described in Fig. 1, except that 
32P-labelled DNA was not coisolated with 3H-labelled DNA. The 
DNAs were extracted from embryos grown without added nucleoside 
or with the addition of BUdR or TdR to 50 ug mli. 

* Soo, w values were determined by the relative sedimentation distance 
of freshly prepared 3H-TdR-labelled @80 DNA!2 cosedimented in 
each gradient. 

t+ Molecular weight was calculated from Szo,w values using the 
equations of Studier!3. Native @80 phage DNA has a calculated 
S20, w value of 33.4 based on a molecular weight of 28.6 x 106 (ref. 14). 


Thus it seems that the “P-labelled nuclear DNA isolated 
from early stage sea urchin embryos allowed to develop in 
the presence of BUdR contains an increased proportion of 
molecules in the 30-60S range, compared with DNA isolated 
from embryos grown in the absence of BUdR or in the 
presence of TdR. This shift in the size distribution of DNA 
could result from at least one of several mechanisms: (1) 
certain sequences in higher molecular weight DNA syn- 
thesised in the presence of BUdR may be Sensitive to 
excision in vivo or breakage during the isolation of the 
DNA; (2) BUdR may induce the amplification of some 
episomal DNA; (3) certain newly synthesised DNA mole- 
cules may not be able to integrate into bulk DNA when 
substituted with BUdR. Though the ‘data presented do 
not distinguish between the above possibilities, certain 
indirect evidence may favour the latter mechanism. 

(1) Birnboim er al have reported the presence of long 
(greater than 4S) pyrimidine stretches which remain after 
hydrolysis of HeLa cell DNA in the presence of formic acid 
and diphenylamine. If the incorporation of BUdR renders 
DNA more sensitive to excision in vivo or breakage during 
isolation, one might expect incorporation of BUdR to 
change the size distribution of such long pyrimidine lengths. 
A comparison of *P-labelled pyrimidine runs obtained from 
DNAs isolated from embryos grown in the presence or 
absence of BUdR demonstrated no difference in length 
distributions (S.T.C., unpublished observation). This might 
be taken as evidence against excision or breakage of BUdR- 
substituted DNA within long pyrimidine runs, though such 
an occurrence in a small proportion of the pyrimidine 
lengths or in short oligopyrimidines would not be detected. 

(2) Kotzin and Baker’? reported that 8-15S (alkaline 
sucrose gradient) newly synthesised sea urchin DNA 
(apparently occurring as a normal intermediate in DNA 
synthesis’), pulse-labelled with *H-BUdR, could not be 
chased into higher molecular weight DNA with unlabelled 
BUdR during a 20 min chase period. These experiments 
suggest that a portion of newly synthesised short DNA 
pieces either cannot integrate with existing higher molecular 
weight DNA, or the rate of integration is retarded by the 
BUdR. In the results shown in Fig. 1 and Table 1, exposure 
of embryos to BUdR over a long period results in accumu- 
lation of pieces longer than the 8—-15S size range seen at the 
end of the relatively short pulse-chase period previously 
described’. Thus, it seems possible that BUdR retards rather 
than prevents the integration of short pieces of certain 
nuclear DNAs. The 30-60S pices accumulated in embryos 
continuously grown in BUdR may, however, represent a 
maximum size beyond which certain DNA sequences 
cannot increase by acquiring smaller DNA pieces or by 


integrating into existing longer pieces’ M 
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There is some support for the possibility that particular 
nuclear DNA sequences might incorporate BUdR preferen- 
tially. Walther er al. report that in the developing pancreas 
there is a low molecular weight, double-stranded, nuclear 
DNA fraction (detected with “H-thymidine) which normally 
does not incorporate into higher molecular weight DNA. 
This DNA fraction preferentially incorporates BUdR 
relative to bulk DNA! Reassociation studies demonstrate 
that this 15-25S fraction of DNA is not a random sample 
of chromosomal sequences and does not contain highly 
repetitive sequences’. 

It is perhaps interesting to note that the size of the DNA 
molecules which seem to be affected by exposure to BUdR 
during replication (30-60S in the work reported here) are 
within the size range reported for the replicons of several 
higher cell types®’’, This suggests a possible mechanism for 
the selective effect of BUdR on certain specialised functions 
associated with differentiation. Substitution of BUdR for 
thymidine could preferentially prevent or retard integration, 
into higher molecular weight DNA, of those replicons con- 
taining sequences coding for or regulating products related 
to specialised functions associated with differentiation. If 
such integration is necessary for regulation of gene expres- 
sion it would be possible for this thymidine analogue to 
inhibit differentiation without affecting cell viability and 
proliferation. 
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Are ‘N bands’ selective 


staining of specific heterochromatin? 


By in situ DNA~RNA-hybridisation and the association 
patterns in meiotic and mitotic chromosomes, the nucleolus 
organiser regions (NOR) have been localised on specific 
chromosomal segments of some mammalian species?, 
Matsui’ and Sasaki® described a staining techhique (N 
bands’) which was assumed to stain the NOR of mam- 
malian chromosomes with high specificity. 
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This assumption was based on the following findings. 
First, the satellites of human acrocentric chromosomes are 
exclusively stained but not the centromeres, short arms or 
stalks of satellites. From their interpretation of the 
literature'", they believe that the NOR is located in the 
satellites of human D and G group chromosomes. Second, 
N bands appear in the secondary constriction of the rat 
kangaroo (Potorous tridactylis) X chromosome to which 
the NOR is assigned"’. Third, N bands are visible in the 
presumed nucleolus organiser regions of several other 
species (Rattus norvegicus, Crisetulus griseus, Muntiacus 
muntiac, Macaca fasicularis and Mus musculus). 

We have checked these hypotheses using essentially the 
same technique’ with chromosome preparations of human 
lymphocytes, fibroblasts of the vole species Microtus 
oeconomus and Microtus ochrogaster, and the dormouse 
Eliomys quercinus. 

In accordance with the results of Matsui and Sasaki, on 
human metaphase plates we. found distinctive red spots on 
the satellites of acrocentric chromosomes (Fig. 1). Yet, not 
all satellites stain with this technique as should be the case 
if this technique gives a differential staining of the NOR. 
In contrast to the statements of these authors we observed 
an additional differential staining of the short arm of one 
D group chromosomes (Fig. 1). No staining of the stalks 
of satellites could be achieved in all metaphases analysed. 
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Fig. 1 D and G group chromosomes of a human lymphocyte 

in metaphase with N bands. Note the polymorphism of the 

N bands on the short arm and satellites in the marked D 
chromosome. 


As the nucleolus organiser regions in human chromosomes 
have been assigned to the secondary constrictions of the 
acrocentric chromosomes'=*, it has to be concluded that 
the N-band technique does not give a differential staining 
of the human NOR. 

In metaphase chromosomes of M. oeconomus? N bands 
were visible at the short arms of the acrocentric chromo- 
somes [3 and 14. The unpublished results of W. Engel, H. 
Hoehn and W. Krone have shown that the short arm and 
the secondary constriction of the long arm of chromosome 
{4 are involved in ‘satellite associations’. 

Accordingly, in the long arm of chromosome 14 the 
NOR shows no N band and the N band of chromosome 13 
is not correspondent to a NOR. These findings are evidence 
that the N-band positive sites do not coincide with NORs 
also in this species. We also treated metaphase plates of 
M. ochrogaster and Eliomys quercinus with the N band 
technique. It was not possible to detect any N bands in 
either species. As these species are expected to possess 
NOR, it is obvious that N bands do not Represent a dif- 
ferential staining of the NOR. 

In many of the species investigated, A 
regions are located adjacent to the NORs. This is true for 
man’, mouse, Indian muntjac*!, and the short arm of 
chromosome 14 in M. oeconomus, for example. In a species 
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without heterochromatin (Eliomys quercinus, our un- 
published results) no N bands can be found. Therefore we 
conclude that N bands correspond to a specific kind of 
heterochromatin which is situated adjacent to the NOR in 
most instances. 

We have circumstantial evidence” that the production 
of G bands is determined by qualitative differences of non- 
histone proteins along the chromosomes. Matsui and 
Sasaki® give evidence that the specific nonhistone proteins are 
stained with the N-band technique. Therefore one may 
assume that N bands reflect nonhistone proteins corres- 
ponding to a special kind of heterochromatin. Though N 
bands apparently do not stain the NORs, they are useful 
markers in human cytogenetics like other special staining 
methods. 
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Messenger and aminoacylation 
functions of brome mosaic virus RNA 
after chemical modification of 3” termimus 


Tune ability of RNA from several plant viruses to bind a specific 
amino acid in a manner like tRNA is now well established. 
All members of the tymovirus group so far examined contain 
RNA which can bind valine !-?; all members of the bromovirus 
group bind tyrosine (ref. 4 and T.C.H., in preparation), and 
tobacco mosaic virus (TMV) RNA binds histidine’. The 
ubiquity of the reaction, and the similarity of the esterification 
to that of aminoacylation of tRNA indicates that a significant 
biological function for the property exists. A tRNA-like 
function such as that of a virus-specific tRNA, or a mis-sense 
tRNA seems plausible. Although there is evidence that turnip 
yellow mosaic virus (TYMY) RNA, or a fragment containing 
the 3’ terminug of TYMV RNA, may donate valine to nascent 
polypeptides®,,it has been established that tyrosine, bound to 
brome mosaic virus (BMV) RNA, is not donated to peptidyl 
material in a cell-free system from wheat embryo when directed 


e by viral, plant, or synthetic messenger RNA (ref. 7). 


e Of the several viral RNAs capable of aminoacylation, only 
BMV RNA has been shown to function as an efficient messenger, 
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capable of directing the synthesis of authentic viral proteins in a 
cell-free system®. Therefore, with BMV RNA, a unique 
Opportunity exists for determining the inter-relationship be- 
tween aminoacylation activity and messenger function of viral 
RNA. A useful approach to understanding this inter-relation- 
ship is to test retention of these activities following chemical 
modification of the viral RNA. A definitive modification 
should be that of oxidation of the 3’ terminus as this is known 
to prevent aminoacylation of tRNA (ref. 9). 

Two procedures were adopted for RNA modification”. 
First, the 3’ end of BMV RNA was oxidised to the dialdehyde 
derivative with periodate according to the reaction: 


RNA RNA 
30 SO 
H-C O Base “ic O Base 
o NalO, G a 
> O=C C=0 
HO OH a 


Diaidehyde derivative 


It is known, however, that the oxidised 3’ end of the RNA can 
be removed by an amine-catalysed B-elimination reaction™, and 
therefore, the possibility existed that under our in vitro reaction 
conditions replacement of the terminal pA,,, could occur, 
thereby restoring the RNA to its original form. To prevent 
such repair of the 3’ terminus the second modification procedure 
used was the preparation of the morpholine derivative according 
to the reaction: 


RNA 
No 


Base 
.CH NH: 
2, — NaBH, ” 


“G J 


CH, 


Morpholine derivative 


Dialdehyde derivative —— => 


Both modification procedures resulted in the loss of the 


ability of the BMV RNA to accept an amino acid but no. 


quantitative difference in messenger function was observed 
(Table 1). 

To determine whether qualitative differences exist in the 
pattern of proteins synthesised under the direction of the 
modified RNA, the products synthesised in vitro were subjected 
to sodium dodecyl sulphate (SDS)-polyacrylamide gel electro- 
phoresis. Protein synthesised using unmodified BMV RNA 
(comprised of components 1,2,3, and 4) (ref. 12) as messenger 
consists mostly of BMV coat protein, together with a small 
amount of a protein designated protein 3a and some uncom- 
pleted proteins (Fig. la). The electrophoretic profiles of proteins 
synthesised under the direction of the dialdehyde derivative, and 
of the morpholine derivative, appear in Fig. 16 and c, respec- 
tively. The pattern of radioactivity obtained for products of 
the reaction directed by the dialdehyde derivative (Fig. 1b) was 
identical to that of the unmodified BMV RNA. products (Fig. 
1a), confirming that normal products can be synthesised by viral 
RNA lacking an aminoacylatable 3’ terminus. Analysis of the 
products of the reaction directed by the morphotine derivative 
(Fig. 1c) also showed the presence of coat protein and protein 
3a. In this case, however, a relatively higher proportion of 
protein 3a, and a correspondingly lower proportion of coat 
protein was synthesised. The reason, for this difference is 
unknown. A likely possibility is that configurational changes 
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Fig. 1 Polyacrylamide gel patterns of products synthesised in 
vitro under the direction of modified and unmodified BMV RNA. 
Conditions for in vitro protein synthesis and gel electrophoresis 
were as previously described®. “C-leucine was used as label. 
The products synthesised under the direction of unmodified RNA 
(control), the dialdehyde derivative of the RNA, and the morpho- 
line derivative of the RNA are shown in (a), (b), and (c), respec- 
tively. Electrophoresis was from left to right. A, Coat protein; 
B, protein 3a. 


occurred in the BMV RNA molecules after methylamine and 
sodium borohydride treatment, causing alterations in the 
affinities of ribosomes for the different cistrons. While this in 
itself is an interesting finding, the fact that both products 
synthesised under the direction of the modified RNAs are 
similar to proteins obtained using native BMV RNA as mes- 
senger strongly suggests that aminoacylation of BMV RNA is 
not an obligatory step for translation of this viral RNA. 

Although the apparent tRNA-like structure of BMY RNA, 
TYMYV RNA, TMV RNA, and other plant virus RNAs makes 
a tRNA-like function an attractive possibility, the present data 
greatly detract from the proposition that the biological role of 
aminoacylation of plant virus RNA is directly related to the 
donation of an amino acid to a viral peptide. The present 
results do not eliminate the possibility of such a role as a helpful, 
but not obligatory, step in viral growth. Nevertheless, it now 
seems more likely that binding of an amino acid to the virus 
RNA could be involved as a recognition signal for the replicase 
as proposed by Litvak and coworkers'*, or could function as a 
regulatory system such as that proposed by Kolakofsky and 
Weissmann for phage QB (ref. 14). 


Table 1 Effect of modification of 3’ terminus of BMV RNA on its 
tyrosine binding ability and on its activity in stimulating amino acid 
incorporation. © 


Tyrosine Amino acid 
RNA added binding incorporation 

(c.p.m.) (c.p.m.) 
Control 10,239 13,64] 
Periodate derivative 254 13,000 
Morpholine derivative 495 {3,882 


BMY RNA was modified according to the procedures described by 
Fahnestock and Nomura! for modification of Escherichia coli 5S 
rRNA. For preparing the control RNA, all the manipulations for 
-periodate oxidation and methylamine-borohydride derivatisation 
were carried out except that the modifying agents were omitted. 
Conditions for BMV RNA aminoacylation were as previously 
described, each reaction (0.1 ml) containing 15 pg of RNA. A 20 yl 
sample was assayed for ?H-tyrosine binding to virus RNA after 30 min 
incubation at 30°C. Amino acid incorporation conditions were as 
previously described®. Each incorporation mixture (175 wl) con- 
tained 30 ug of RNA and 0.5 uCi of a mixture of “C-labelled alanine, 
arginine, leucine, and lysine. Aliquots of 50 pl were counted to 
determine amino acid incorporation into protein. 
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Virus-induced cell fusion enhanced by 
phytohaemagglutinin 


ONCOGENIC transformation by viruses or chemicalst™*, 
treatment with proteolytic enzymes'® and infection with 
nononcogenic enveloped viruses’®, produce cell surface 
alterations that increase cellular susceptibility to aggluti- 
nation by plant lectins. More recently, lectins have been 
used to modify the replication and cytopathogenicity of 
enveloped viruses grown in normal cells” It has been 
shown that treatment of cells with con A inhibits para- 
myxovirus-induced cell fusion.’! In contrast, the results 
reported here indicate that another plant lectin, phyto- 
haemagglutinin (PHA), can enhance the fusion of cells 
infected with the paramyxovirus Newcastle disease virus 
(NDV). 

Freeze-dried PHA (Wellcome Reagents Ltd., Beckenham, 
Kent) was reconstituted in phosphate-buffered saline (PBS) 
and cells were treated with 1.0 ml diluted in maintenance 
medium at the concentrations described below. The pro- 
perties of the NDV strains, cell culture methods, infection 
of cell cultures and measurement of the extent of cell 
fusion have been described"-“. All cell cultures were 
grown on coverslips in Leighton tubes at 37° C. 

To demonstrate the effect of different concentrations of 
PHA on NDV-induced cell fusion from within’, virus was 
removed 1 h after infection and replaced with 1.0 ml of 
medium containing different dilutions of PHA, incubated 
for a further 8 h at 37° C in the presence of PHA, finally 
fixed and stained and the extent of cell fusion measured. 
Fusion of BHK 21 cells infected with NDV strain Herts 
was enhanced in the presence of PHA (Fig. 1). Incubation 
of PHA with 0.5 M N-acetyl-galactosamine, a haptenic 
inhibitor of PHA, for 1 h at 37° C before addition to 
infected cell cultures eliminated its ahilitv to enhance fusion 
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Fig. 1 Effect of different concentrations of PHA on fusion of 

BHK-21 cells infected with 25 EID, /cell NDV-Herts (@), 

50 EID s/cell NDV-Queensland (S), and uninfected control 

cells (©). At Í h after infection, virus was replaced with PHA 

diluted in maintenance medium. Polykaryocytosis was estimated 
8 h after infection. O, O, A, Fusion in the absence of PHA. 


from within by strain Herts. PHA had no effect, how- 
ever, on the fusion of cells infected with NDV strain 
Queensland (a non-fusing strain) or uninfected control cells. 
The time of addition of PHA after infection was 
important in determining the degree of enhancement of cell 
fusion (Fig. 2). The length of time for which PHA is in 
contact with the cells is not important, however, as similar 
enhancement of fusion from within was found after 
exposure to PHA for 90 min or 8 h with PHA added 1 h 
after infection. It is more likely that the decrease in 
enhancement is related to the progression of virus replica- 
tion and fusion (Fig. 2), that is, once a fusion event has 
taken place there can be no enhancement of that event. 

Fusion from without (ref. 15) was also enhanced by 
pretreatment with PHA. Maximum enhancement was 
recorded if ceil cultures were treated with PHA (107° 
dilution) for 1.5 h or more before infection. Such treatment 
before infection with 1600 EID-./cell NDV-Herts induced 
57.5% polykaryocytosis compared to 37.2% in untreated 
and 4.1% in uninfected cell cultures. Experiments using 
PHA-Sepharose 4B conjugate gave similar results and 
showed that it was not necessary for PHA to enter the cell 
to cause enhancement. Cells were pretreated for 1.5 h with 
PHA-Sepharose, which had been washed extensively to 
remove any free PHA and diluted to give similar activity 
(as titrated by haemagglutination) to the unbound PHA 
used, and then infected with 1600 ETD-./cell NDV-Herts. 
Three hours after infection, cells treated with PHA- 
Sepharose showed 57.5% polykaryocytosis compared to 
37.2%, in infected, untreated cells and 3.9% in uninfected 
cells. r 

The results presented here indicate that PHA has a 
marked enhancing effect on cell fusion by NDV and that 
PHA acts rapidly on a prefusion event and does not 


e require the presence of virus products at the cell surface 
for the initial interaction. The results obtained with 


PHiA-Sepharose indicate that. as with lymphocyte 
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Fig. 2 Effect of PHA (10- dilution) added at different times on 
cell fusion of BHK-21 cells at 9 h after infection with 25 EIlDs,/ 
cell NDV-Herts (@), Fusion in untreated cells at different times 
after infection with NDV-Herts is also shown (O). 


activation“, PHA does not have to enter the cell to be 
effective. 

Further work is required to determine the mode of 
action of PHA. It may be significant, however, that other 
studies have indicated that lysosome fragility follows 
stimulation of lymphocytes with PHAY and we have pre- 
viously suggested the possible role of lysosomal enzymes 
in virus-induced cell fusion”. 

This work was aided by a grant from the National 
Cancer Institute of the United States, and a grant from 
the Agriculture Research Council. G.H. and H.W. were 
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Sepharose was a gift from Dr K. H. Fantes, Wellcome 
Research Laboratories, Beckenham. 
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Thymus involvement 
in female sexual maturation 


Ir is now established that the thymus plays a critical role 
in a variety of immunological functions. Evidence that the 
thymus can also function as an endocrine gland has mainly 
been derived from immunological investigations’*. Because 
endocrine glands do not function independently, it is likely 
that the thymus is involved in a number of endocrine 
functions and some experimental data support such an 
assumption. Thus, hypothyroidism and persistence of the 
foetal zone in the adrenals is observed in congenitally 
athymic nude mice’ and degranulation of pituitary eosinophil 
cells occurred following neonatal thymectomy in mice’. 

Here we present experimental evidence that the thymus 
also influences the maturation of female sexual function 
during a critical period of development. 

Conventional female Charles River mice were surgically 
thymectomised or sham-operated when 2 or 10 d old. Mice 
thymectomised on day 2 were implanted on day 3 with 
{-2 thymus glands obtained from male or female animals 
of the same age and other groups of 3 d old were 
injected intraperitoneally with 5 X 10° thymocytes from 
adult mice (2-3 months old). Among the parameters studied 
in the different experimental groups were vaginal opening 
time (VOT) (the day of complete vaginal opening with full 
differentiation of the external sexual structures); the sexual 
cycle (based on daily cytological studies of the vaginal con- 
tents), and the morphology of the ovary and uterus (based 
on gross inspection and conventional histology), The criter- 
ion for defining puberty was the vaginal opening time fol- 
lowed by the first oestrus appearing within 4 d. 

On completion of the various experiments, all mice were 
killed for gross morphological and histological inspection 
of the sexual organs. Any animals found to be incom- 
pletely thymectomised were discarded. 

It can be seen in Table 1 that there was a marked delay 
in VOT in animals that had been thymectomised on day 2 
(VOT 50.5+1.4 d) compared with the untreated (VOT 
35.1+0.8 d) and sham-operated mice (VOT 34.8+0.9 d). It 
is especially noteworthy that when thymectomy was per- 
formed on day 10, there was no delay in VOT (35.4+1.4 d). 
Grafting the thymus into mice 3 d old and thymectomised 
1 d earlier, counteracted the delay in the VOT (37.8 +1.5). 
In contrast to an intact thymus, the administration of 
5x 10° thymocytes did not influence the delay in the VOT 
in thymectomised 2-d-old mice (47.8 +2.8 d). 

The sexual cycle, as reflected by vaginal cytology, showed 
that irrespective of thymic presence or lack of it, once 
the vagina had opened, the first oestrus appeared in all 
animals within 4 d. The cycles were entirely normal during 
the 15 d of observation. 

Morphological studies in neonatally thymectomised mice 
revealed that before the delayed vaginal opening occurs, the 
ovaries and uterus are very small and display the typical 
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Table 1 Delay in vaginal opening time in Charles River mice after neonatal thymectomy and restoration by early thymus grafting 


‘Treatment 


Controls (normal) 

Controls (sham-operated) 

Thymectomised on day 2 

Thymectomised on day 10 

Thymectomised on day 2; grafted with thymus on day 3* 


Thymectomised on day 2; injected with 5 x 10° thymocytes on day 3 
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Number of Vaginal opening time (d) 

animals < 40 > 40 < 55 > 55 x? + sem 
33 33 ~~~ — 35.1 + 0.8 

14 14 —— _ 34.8 + 0.9 

33 6 20 7 50.5 + 1.4 

5 5 — — 35.4 + 1.4 

HI 8 2 I 37.8 + 1.5 

8 Í 5 2 47.8 + 2.8 


* Syngeneic thymus graft obtained from male or female 3-d-old Charles River mice. 


histological pattern characteristic of prepubertal immaturity. 

What we have said of the thymectomised mice is also 
true of congenitally athymic female nude mice, the behav- 
iour of which prompted us to investigate the thymectomised 
animals. Nude mice have a thymic anlage in the foetus but 
on day 14 of pregnancy it is already abnormal. The animals 
have a scarcity of lymphocytes in the paracortical area of 
lymph nodes and fail to reject allogeneic skin grafts°. 

Congenitally athymic female nude mice (nu/nu BALB/c) 
and their normal thymus-bearing female litter mates 
(BALB/c) were kept in specific pathogen-free (SPF) condi- 
tions until transfer to this laboratory. Some of the animals 
were bred and kept in germ-free conditions. 

Data on athymic nude mice are given in Table 2. Vaginal 
opening time was also delayed in germ-free conditions. 

The great difference in the size of the uterus and ovary 
between a 43-d-old athymic nude and a normal mouse is 
clearly shown in Fig. 1. Especially striking is the normali- 
sation of these organs following thymus transplantation on 
day 2. By 10 d after VOT, the ovaries and uterus had 
already developed and presented an entirely normal appear- 
by increasing their residence times. Also that any appre- 
ance histologically. 

To determine whether the thymus involvement in sexual 
maturation is dependent on its immunological function, 
newborn nude mice were injected intraperitoneally with 
15108 each of thymocytes (four animals); spleen cells 
(three animals); and lymph node cells (two animals) from 
adult BALB/c mice 3 months old. 

Vaginal opening time was found to be delayed (VOT 
49.1+0.4 d). 1-2 weeks after VOT, the animals were trans- 
planted with skin from C57 black mice. After 2 weeks, 
six out of nine nude mice injected with cells had rejected 
the skin grafts. Thus, it seems that whereas the injected 
lymphoid cells can establish cell-mediated immunity in the 
nudes, they cannot normalise sexual maturation. 

Our findings indicate that the absence of the thymus in 
the early stages of life, as in Charles River mice thymecto- 
mised on day 2 and in congenitally athymic nude mice, 
causes a significant delay in puberty (as reflected in vaginal 
opening time and first oestrus) and a delay in the maturation 
of the ovaries and uterus. A few days after attainment of 
the VOT, a normal sexual cycle and normal uterus and 
ovary morphology are established. The fact that the 
` same delay in sexual maturation occured in germ-free nude 
mice rules out the likelihood that in these immunodeficient 


animals, infection is involved in this phenomenon. Thymus 
grafts were able to speed up the onset of puberty provided 
they were implanted on the second or third day of life. 
Postponement of thymus implantation to day 10 no longer 
effected an acceleration of the sexual function. Further- 
more, the injection of lymphoid cells into newborn nudes 
does not normalise sexual maturation. All these findings 
indicate a causal relationship between a functioning thymus 
and the normal development of sexual function in the 
female during the early stages of postnatal life. 

Pfeiffer®, showed that the pattern of sexual functions is 
established during the perinatal period. The presence or 
absence of the testicular hormone determines the future male 
or female rhythm of gonadotrophin release by the hypophy- 
sis (tonic or cyclic pattern). Current concepts’® consider 
sexual hormones as at least partially responsible for the 
organisation of some of the central nervous system (CNS) 
control mechanisms which determine the activation of the 
sexual endocrine system in the adult. 





Fig. 1 Normalisation of sexual organ development by 

thymus. Gross appearance of uterus and ovaries of 43-d-old 

BALB/c mice (a), athymic nude mice (b), and athymic nude 

mice with a thymus graft (c). The thymus graft was made 
on animals 2 d old. 


As the thymus has now been shown to influence the onset 
of the sexual functions, and as this effect is observed 
during the perinatal period, in which the CNS is being 
programmed, it is a reasonable assumption that the thymus 
is likewise involved in this process. The onset of puberty is 
a neuroendocrine phenomenon’; for this reason one can 
conceive of the thymus exerting its ‘influence by the 
elaboration of hormones that could either act directly on the 
CNS or indirectly through endocrine glands. These hor- 
monal influences of the thymus may be greatest during the 
perinatal period, when this organ is known to be more 
crucial than in later life. 





Table 2 Delay in vaginal opening time in congenitally athymic nude mice (#u/nu BALB/c) and restoration by early thymus grafting 





Treatment 


Controls (normal BALB/c*) 

Athymic nude (conventional) 

Athymic nude (germ-free) 

Athymic nude grafted with thymus on day 2t 

Athymic nude grafted with thymus on day 10% 

Athymic nude with thymocytes injected on day 2§ ° 


* BALB/c mice: normal brothers of the nudes. 
t Thymus from male and female 2-d-old BALB/c mice. 
tł Thymus from male or female 10-d-old BALB/c mice. 


$ Thymocytes from male and female adult BALB/c mice 3 months old, ° e `. 


Number of Vaginal opening time (d) 
animals < 35 > 35 < 50 > 50 x? t s.e.m. 
55 55 = mme 31.3 + 0.4 
39 » 4 8 7 45.8 + 0.9 
8 — 6 2 48.0 + 1.6 
11 ` 10 1 a 33.2 + 0.9 
7 1 5 1 46.9 + 1.5 
7 l 5 1 47.1 + 1.6 
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The delay in puberty in mice without thymus glands can 
provide an explanation for the persistence of the reticular 
zone of the adrenals in nude mice* because this zone tends 
to disappear after puberty. 

Nishizuka and Sakakura!”-” have observed earlier ovary 
dysgenesis (lack of follicles and of corpora lutea) and hyper- 
plasia of the interstitial cells in about 50% of neonatally 
thymectomised female mice. This work, however, was not 
concerned with sexual development, because, depending on 
the strain studied, the dysgenesis was not observable before 
60-120 d of age, a time when puberty had already occurred 
and normal sexual cycles were well established. This ovarian 
dysgenesis was prevented by spleen or thymus grafts and 
by lymphoid cell injection given during the first days of life. 
These experiments were performed in animals maintained 
in conventional conditions. As the administration of lym- 
phoid cells and thymus or spleen grafts (which can restore 
immune functions) prevented the ovarian dysgenesis, the 
results obtained by these authors could have been influ- 
enced by intercurrent infection and might reflect an early 
manifestation of wasting disease or express some lymphoid 
cell function. Whichever of these possibilities apply, this 
Situation can hardly involve an endocrine thymic function. 

It has been demonstrated that the thymus is involved in 
the complex endocrine mechanisms controlling sexual 
development during a critical period of life, presumably by 
an elaboration of hormonal factor, as immunocompetent 
cells can not compensate for thymus absence, as far as 
sexual maturation is concerned. Such thymus involvement 
in sexual function has been suSpected earlier as reviewed by 
Hammar”. In as much as the thymus is involved in the onset 
of puberty, and thymus involution also begins at this time, 
this would seem to indicate that a feedback mechanism is 
in operation. 
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Evidence for non-identity of T killer 
and T helper cells sensitised to 
allogeneic cell antigens 


BONE marrow-derived lymphocytes (B cells) can be trig- 
gered for antibody synthesis by a stimulus from immuno- 
compentent allogeneic! or xenogeneic? lymphoid cells. The 
stimulus was shown to act directly on the B cel], since a 
response may occur in the absence of syngeneic thymus- 
derived lymphocytes (T cells)! and is possible even to a 
hapten’. This observation has led to the hypothesis that 
cooperating T cells (T-helper) are identical to cytotoxic T 
cells (T-killer) and act on B cells by surveying them for 
immunogen bound to their cell surface®. The T cells recog- 
nise the cell-bound immunogen and emit a sublethal signal 
to the B cells, triggering them to produce antibody. But the 
question arises, whether this is the way triggering of B 
cells usually occurs in the immune response. Recent experi- 
ments have shown that T cells sensitised to foreign erythro- 
cyte antigens are able to cooperate with B cells to induce 
humoral antibody synthesis, but are not able to perform 
cytotoxic lysis of erythrocyte target cells**, T helper cells 
therefore need not be cytotoxic to the sensitising antigen to 
trigger B cells. This finding led to more extensive experi- 
ments concerning the question of whether T killer and T 
helper functions are performed by the same cell or not. 

I shall show here that T helper and T killer cells sensit- 
ised to the same immunogen are not likely to be identical, 
because they are found to be mutually exclusive under 
certain immunisation conditions, 

The DBA/2J mastocytoma P185 injected into C57BL/6J 
mice has been shown to induce cytotoxic effector cells as 
well as humoral antibody synthesis®’. For both of these 
responses, T cells are necessary: T killer cells act as cyto- 
toxic effectors* and T helper cells trigger B cells for anti- 
body synthesis. This model therefore seemed to be suitable 
to explore the relation of T helper and T killer cells. I set 
up experiments to find immunisation procedures which 
favour the appearance of either T killer or T helper activity 
in the spleen. Since it had previously been shown that treat- 
ment of erythrocytes with formaldehyde or glutaraldehyde 
inhibits the humoral immune response to such treated 
immunogen, without affecting the priming of T helper 
cells", P815 cells were fixed in the same way. P815 cells 
treated with formaldehyde or glutaraldehyde (F-P815 and 
G-P815) were injected into C57BL/6J mice and their spleens 
assayed for cytotoxicity after 9 d. It is seen from Table 1 
that F-P8I5 and G-P815 cells are not able to induce cytoxi- 
city in CS57BL/6J splens, while normal P815 cells do so. 

To find out whether one or the other of such immunised 
spleen cell preparations contain T helper cells, the same 
spleen cell preparations were incubated in Mishell Dutton 
type cultures’ together with trinitrophenyl-coupled”® P815 
cells (TNP-P815) as antigen. Table 1 shows that while 
F-P815 and G-P815 primed spleens vigorously stimulate the 
TNP response, cytotoxic P815 primed spleens do not. This 
result could have various explanations: it may be that P815 
primed spleen cells are not able to respond to in vitro antigen 
stimulation. But in other experiments it was shown that 
P815 primed spleen cells respond as well as, or even better 
than, normal or F-P815 primed spleen cells to sheep red 
blood cell antigens in vitro (unpublished results). 

Another possibility could be that P815 primed spleen cells 
do contain P815 specific T helper cells but these helper cells 
do not display their activity, maybe because they are not at 
the proper concentration in these spleens. To check this, 
cytotowic P815 primed spleen cells were mixed in varying 
proportions with normal spleen cells and assayed for car- 
rier priming. Table 2 demonstrates that also under these 
conditions no helper function can be detected in cytotoxic 
spleens. Cytotoxic spleens therefore seem to contain no 


Nature Vol. 249 May 24 1974 

Table 1 Induction of cell-mediated cytotoxicity and helper activity 
by normal and fixed P815 cells 

In yitro helper activity 


assay 
10° TNP- = P.F.C. per 108 


In vitro cytotoxicity 
assay 


In vivo % cytotoxicity at 
immunogen I h 2.5h P815 cells on 
per culture TNP-BRBC 

Experiment 1: 
107 P815 t5 33 — 69 
107 P815 — —_ +- 3 
107 F-P815 | I — 80 
107 F-P815 — ~ + 540 
107 G’ 0.25 P815 0 | —- 42 
10? G’ 0.25 P815  — — -+ t21 
107 G’ 0.025 P815 0 0 — 62 
107 G’ 0.025 P815 — _ + 248 

2h 4h 
Experiment 2: 
— — ~ — 16 
— — ae F 8 

107 P815 33 69 — 44 
107 P815 — — +- l 
2x107 F-P815 0 0 = 34 
2x 107 F-P815 — ~ “+ 196 


C57BL/6J mice were injected with varying’ doses) of normal and 
fixed P815 cells intraperitoneally (i.p.) on day—11. DBA-2 masto- 
cytoma cells P815 were grown in Dulbecco’s modified MEM supple- 
mented with 10% calf serum and fixed with 1.5% formaldehyde, 
0.25% or 0.025% glutaraldehyde exactly as previously described 
for erythrocytes*®. Ja vitro cytotoxicity assay: spleen cells of im- 
munised mice were assayed for cytoxicity using ë! Cr-labelled P815 
target cells as described previously®*®. Attacker to target cell ratio 
was 100:1. Percentage cytotoxicity (over spontaneous release) is 
calculated from the ratio of released counts to that released after 
three times freeze thawing®. /» vitro helper activity assay: spleen: 
cells were incubated in Mishell Dutton type cultures? with 10° TNP- 
P815 cells per culture. TNP-P815 cells were prepared as described 
for erythrocytes by Rittenberg and Pratt?® and subsequently irrad- 
iated with 5,000 r. The TNP response was assayed on day 5 on 
TNP-BRBC**, 


helper activity as assayed with TNP-P815 antigen in vitro. 
This finding is somewhat surprising since it had previously 
been shown that in mice injected with P815 cells antibody 
production can be detected’. T helper cells therefore should 
at least at some time be operative during the in vivo immune 
response to P815. 

Another possibility could be that the helper cells in 





Table 2 Failure to detect carrier priming in mixtures of P815 
primed spleen cells and norma! spleen cells 


Spleen cells 10" Normal 10° TNP- 
primed dose per spleen cells P815 P.F.C. per 10° 
with culture per culture per culture on TNP-BRBC 

= = + — 26 

= = f sh 32 
F-P815 10° — -= 36 
F-P815 107 — + 352 
P815 107 — — 49 
P815 107 — -+ 48 
P815 5 x 108 4- — 31 
P815 5 x 108 E a i 33 
P815 108 +- — 45 
P815 10° + + 8 
P815 2.5 x 10° + o ' ~ 23 
P815 2.5 x 10° - +- 3 
P815 5x 10! + — 73 
P815 5 x 10! -} +. 3 
P815 5x10 -+ — 35 
P815 5x10% + -+ 27 





C57BL/6J mice were immunised with 107 F-P8i5 or 107) P815 
cells ip. on day —I1. Spleen cells were collected and tested for 
cytotoxicity. Spleens primed with P815 showed 62% cytOtoxicity 
at ‘=4 h at an attacker to target cell ratio of 100:1, spleen cells 
primed with F-P8I5 had no detectable cytotoxicity. Aliquots of 
‘spleen cells were cultured with TNP-P815 cells as antigen. P815 
primed spleen cells were also mixed in various ratios with normal 
spleen cells. The plaque assay was done on day 5. 
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cytotoxic spleens are not detected, because their activity is 
suppressed by a population of suppressor cells like those 
described by Jacobson and Herzenberg". To find out, cyto- 
toxic spleens and carrier-primed spleens were mixed and 
assayed for helper activity. It is seen in Table 3, experiment 
l, that cells from cytotoxic spleens suppress the helper 
activity of F-P815 primed spleens, either partially (Table 3) 
or completely (unpublished results). It is therefore not 
surprising that helper activity cannot be detected in cyto- 
toxic spleens using this assay. The question arises: why do 
live P815 cells prime for both killer and suppressor activity 
but not for helper activity, while fixed P815 cells prime only 
for helper but not for killer and suppressor activity? 
Though it is tempting to speculate that the cytotoxic T 
cells are the cells which suppress the function of the helper 
cells, this has to be shown by further experiments. 
Carrier priming for erythrocyte antigens is known to be 
especially effective with low doses of antigen*®*. Since fixa- 
tion of P815 cells with formaldehyde destroys about 95% of 


Table 3 Inhibition of helper activity by cytotoxic spleen cells and 
anti-8 serum treatment 


10° TNP-P815$ P.F.C. per 10° 

Spleen cells per culture per culture on TNP-BRBC 
Experiment 1: 

10? normal — 12 

10° normal + 19 

10’ P815 immunised — 8 

107 P815 immunised -} 12 

10’ F-P815 immunised — 19 

10? F-P815 immunised +- 350 

5x 10° P815 immunised + — 25 

5 x 10° F-P815 immunised + 63 
Experiment 2: 

normal — <Í 

normal -[- <1 

F-P815 immune untreated — 4 

F-P815 immune untreated + 134 

F-P815 immune-anti-68+ C’ + <l 

F-P815 immune -+ C’ + 132 


Experiment 1: CS57BL/6J mice were primed with 5x10’ F-P815 
cells or 107 P815 i.p, on day —9. Helper activity was assayed as in 
Table 1. Experiment 2: C57BL/6J mice were immunised with 5 x 10° 
F-P815 cells on day —9 and spleens asssayed for helper activity. For 
anti-@ serum treatment?® 2 x 10’ spleen cells were incubated in | ml 
BSS and 0.1 ml anti- serum for 30 min at 0° C. Cells were washed 
and resuspended in 1 ml BSS containing 0.15 ml guinea pig comple- 
ment? and incubated 30 min at 37° C. Controls were incubated with 
complement only. 


the H-2d antigenic determinants on P815 cells (R. Hyman 
and G. Dennert, unpublished results), it is possible that 
carrier priming with fixed P815 cells is in fact a low dose 
priming insufficient to prime T killer cells. If this reasoning 
is correct, then low doses of normal P815 cells should also 
prime for helper activity. Table 4 shows that this is the 
case, P815 cells were irradiated with 2,000 r. to inhibit 
multiplication and injected in various doses into animals. It 
is seen that helper activity is found in spleens injected with 
low doses (2X 10° and 4X 105 P815 cells per mouse) but not 
in mice injected with a higher dose (10') of P815 cells. The 
latter dose was also insufficient to induce cytotoxic T cells 
in these mice and it was subsequently found that ten times 
higher doses of irradiated cells have to be injected to prime 
for T killer cells (unpublished results). These experiments 
therefore seem to support the idea that carrier priming by 
fixed P815 cells is actually due to a low dose priming. 
Priming with fixed P815 cells however is usually superior to 
priming with low doses of normal P815 cells. This was also 


«e found in experiments where carrier priming to normal and 


fixed erythrocytes was studied®, 
* Though it had préviously been shown’ that cytotoxicity of 
o 


360 


maea Epei aat 


Table 4 Carrier priming by fixed and normal P815 cells 





In vive 10° TNP-P815 P.F.C. per 10° 

immunogen per culture on TN oe 
— -+ <Í 

5x10 F-P815 — 35 

5x10 F-P815 F 446 

10° P815 2,000 r. — 3 

107 P815 2,000 r. F <I 

2x 10° P815 2,000 r. — lI 

2X 10° P815 2,000 r. + 54 

4x 10° P815 2,000 r. — 9 

3x 10° P815 2,000 r. T 102 


C57BL/6J mice were injected with varying doses of F-P3i5 and 
normal P815, irradiated with 2,000 r. On day li, spleens were 
collected and tested for cytotoxicity and carrier priming. None of 
the groups showed any cytotoxic activity in their spleens. 


P815 immunised C57BL./6J spleen cells is effected by thymus- 
derived lymphocytes, it had to be demonstrated that the 
helper activity observed in F-P815 primed spleen cells is 
also due to T cells. Treatment of F-P815 primed spleens with 
anti-0 serum’ and complement completely abrogated the 
helper activity of these spleens, confirming that this activity 
is mediated by thymus-derived lymphocytes (Table 3, experi- 
ment 2). 

In summary, these experiments show that under appro- 
priate immunisation conditions either helper T cells or killer 
T cells can be found in sensitised spleens: spleens which 
show helper activity are not cytotoxic and spleens which 
are cytotoxic show no helper activity. Since it is found, 
however, that cytotoxic spleens inhibit the helper activity 
of F-P815 primed spleen cells it cannot be excluded that 
cytotoxic spleens contain T helper cells. 

The experiments do not show that low doses of irradiated 
P815 or F-P815 prime directly for T helper cells for the 
following reason: the T helper assay in vitro takes 5 d of 
incubation, while the cytotoxic assay takes only a few hours. 
Thus, in culture maturation of a T helper precursor to T 
helper could occur. These experiments, however, strongly 
argue that the helper cell (or the precursor thereof) and the 
cytotoxic killer cell are likely to be two different subsets of 
T cells. 

Recently other subsets of T cells with specific functions 
have been described’. Cantor and Asofsky demonstrated 
the requirement of two cells with different sensitivities to 
anti-thymocyte serum in a graft-versus-host reaction’. Bach 
et al. demonstrated the existence of two populations of 
cells, one responding in the mixed lymphocyte reaction and 
the other effecting cell mediated lysis. It is therefore not 
surprising that T helper and T killer cells are found here to 
be different cell types. Further experiments must be directed 
toward determining the relationships between the various 
subsets of T cells so far described. 
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Type-specific protein in herpes simplex virus 
envelope reacts with neutralising antibody 


CERVICAL carcinoma has been correlated with previous infection 
with herpes simplex virus type 2 detected serologically’. 
These tests have, however, been confused by the fact that 
type | and type 2 herpes simplex viruses cross neutralise 
and it is therefore difficult to use the data to provide clear 
evidence for previous type 2 infection*. We have previously 
shown that antisera to types |.and 2 viruses contain anti- 
bodies to a structural antigen, Band II (ref. 5), which neutralise 
both types of virus®. By indirect absorption methods, we 
have shown that they also contain antibodies to type-specific 
proteins which neutralise the homologous type only®. 

We now present more direct evidence for the existence of such 
proteins by showing that antiserum to a glycoprotein of envel- 
oped type 1 virus particles neutralises type 1 but not type 2 virus. 
These studies indicate that it should be possible to prepare 
type-specific antigens which could be used in seroepidemio- 
logical surveys to provide conclusive evidence of previous 
type 2 infection. 

Enveloped particles of herpes simplex virus type 1 were 
obtained by precipitation by polyethylene glycol of the virus 
released into the supernatant growth medium of HEP 2 cells 
infected with herpes simplex type | (strain HFEM). The virus 
was purified by two cycles of sedimentation in sucrose grad- 
ients. Figure ! shows the pattern of polypeptides revealed 
by electrophoresis in SDS polyacrylamide gels of the purified 
virus after disruption with SDS and dithiothreitol. The region 
marked VP2/3 has been shown to correspond to glycosylated 
polypeptides not present in naked virus particles (K.L.P., 
and D.H.W., unpublished). A longitudinal slice was removed 


c.p.m. (x 107?) 





100 


Fraction No. 


Fig. 1 Electrophoresis of disrupted enveloped Herpes simplex 
viras particles on SDS-polyacrylamide gel. Direction of migra- 
tion from left to right (that is, higher molecular weight 
polypeptides to the left). Peaks identified as glycoproteins by 
glucosamine labelling are arrowed. Peak | is the major capsid 
polypeptide corresponding to VP5 of Spear and Roizman® and 
peak 2/3 (VP2/3) most likely corresponds to their broad glyco- 
protein peak VP7/8. 
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from other gels to identify the VP2/3 region and the appro- 
priate segments removed from the remaining portion of the 
gels. The segments were macerated and injected with Freund’s 
incomplete adjuvant into the footpads of rabbits. From the 
intensity of stain in the gel slices we estimate that about 40 ug 
protein was inoculated. A second injection was given 2 
weeks later and the rabbits bled after a further 10 d. 

The resulting antiserum was tested in neutralisation tests 
against herpes simplex type 1 strain HFEM and herpes 
simplex type 2 strain 3345 as previously described®. The 
neutralisation rate constant against type 1 virus was 0.167 
(mean of seven determinations) and against type 2 virus was 
0.001 (mean of nine determinations) which did not differ 
significantly from zero. In contrast, antiserum to Band II 
had neutralisation rate constants against type 1 virus of 0.18 
and against type 2 virus of .0.06 (ref. 6). The neutralising 
activity of the antiserum to VP2/3 was unaffected by absorption 
with an extract of cells infected with herpes simplex virus 
type 2, but was completely abolished by absorption with an 
extract of cells infected with herpes simplex virus type 1. 
The neutralisation rate constant of antiserum to Band II 
antigen, however, was reduced by 90% after absorption with 
the same extract of cells infected with type 2 virus (Table 1). 





Table 1 Proof of type specificity of antiserum to VP2/3 polypeptide 
by absorption tests. 


Antiserum Absorbed with Neutralisation rate 
constant of absorbed 
serum for type 1 virus 
Anti VP2/3 Extract of uninfected cells 0.120 
Anti VP2/3 Extract of cells infected 
with type 1 virus 0 
Anti VP2/3 Extract of cells infected 
with type 2 virus 0.132 
Anti Band II Extract of uninfected cells 0.644 
Anti Band Il Extract of cells infected 
with type I virus 0 
Anti Band II Extract of cells infected 
with type 2 virus 0.052 


The antiserum to VP2/3 had similar neutralisation rate con- 
stants in tests against two other type 1 strains but gave no 
significant neutralisation of two other type 2 strains. The 
type specificity was confirmed by complement fixation tests 
(Table 2). 





Table 2 Type specificity of antiserum to VP2/3 polypeptide demon- 
strated by complement fixation 





Antiserum Complement fixing titre* with 

Type | antigen Type 2 antigen 
Anti-VP2/3 1280 < 40 
Anti-type 1 virus 2560 5120 
Anti-type 2 virus 2560 2560 





* Reciprocal of highest dilution fixing 1.5 units of complement using 
optimum dilutions of antigens. 
t Antiserum had anticomplementary activity at lower dilutions. 


An antiserum with similar neutralising properties was 
obtained by an alternative method. Antiserum to type 1 
virus, rendered selective for type-specific antigens by absorption 
with an extract of type 2 virus-infected cells®, was used to 
detect type-specific antigens in fractions obtained by prepara- 
tive polyacrylamide gel electrophoresis (without SDS) of an 
infected cell extract’. Precipitin bands obtained in agar gel 
immunodiffusion of one type specific fraction and the anti- 
serum, were injected into the footpad of rabbits. This anti- 
serum and antiserum to VP2/3 gave single precipitin bands 
in agar gel immunodiffusion tests with extracts of cells infected 
with type 1 virus. The precipitin bands obtained with the two 
antisera showed reaction of identity. Neither antisera gave 
any reaction in immunodiffusion tests with extracts: of cells 
infected with type 2 virus. 

The results provide direct evidence for the presence of a 
type-specific antigen both in infected cells and as a glyco- 


361 


protein on the surface of enveloped particles, whose interaction 
with Its corresponding antibody leads to a loss of virus infec- 
tivity. They offer some hope that it may be possible to prepare 
a type-specific reagent for detection of previous type 2 infection 
in seroepidemiological surveys. 
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Note added in proof: Since this work was completed we have 

heard that Dr R. J. Courtney (Baylor University College of 

Medicine, Houston, Texas) has prepared an antiserum with 

similar properties using extracts of cells infected with herpes 

simplex virus type 1. This antiserum also had type specific 

neutralising activity. 

*Present address: Department of Virology and Epidemiology, 

Baylor University College of Medicine, Houston, Texas 77025. 
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In vitro generation of 
B lymphocytes in mouse foetal 


liver, a mammalian ‘bursa equivalent’ 

THERE is good evidence that in birds a haemopoietic stem 
cells of yolk sac origin’? differentiate into immunoglobulin- 
bearing lymphocytes in the bursa of Fabricius®. The 
differentiated lymphocytes then migrate to the peripheral 
lymphoid tissues**, where they constitute the bursa-derived 
B lymphocyte population. The primary site(s) of B lympho- 
cyte development in mammals, however, has remained a 
mystery, with gastrointestinal associated lymphoid tissues’ 
(including appendix’, tonsils? and Peyer’s patches®) and 
haemopoietic tissues! generally considered the main 
candidates for mammalian ‘bursa equivalent’. Here we report 
the development of IgM, IgG and probably IgA-bearing 
lymphocytes in organ cultures of mouse foetal liver removed 
at 14 d gestation, a time well before immunoglobulin-bearing 
cells or cells of lymphoid morphology could be detected in 
the intact animal. These studies indicate that foetal liver is 
a bursa equivalent in mice and that gastrointestinal lymphoid 
tissues are not a sine qua non for the initial development of 
B cells. In addition, they provide evidence that IgG and 
probably IgA-bearing B lymphocytes can develop in the 
absence of T lymphocytes. 

Foetal livers were removed from BALB/c embryos of 14 
or 15d gestation (the day of appearance of a vaginal plug 
being taken as day 0) and chopped with fine knives. Small 
explants (2-4 mm diameter) were placed on ultrathin Milli- 
pore filters (type TH), floating on 1 ml of RPMI 1640 
medium containing 10% heat-inactivated foetal calf serum in 
the centre well of Falcon organ culture dishes (catalogue 


+ No. 3010), the outer trough being filled with distilled water. 


lhe dishes were incubated at 37°C in an atmosphere of 5% 
‘CO in air. Foetal livers, spleens,or cultured explants were 
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Table 1 Properties of fluorescein-conjugated antibodies 





Proportion of cells 


Antiserum Abbreviation Fraction used F/P Concentration References labelled in adult 
Ratio used (mzgml™) spleen (%) 
Rabbit anti-mouse immunoglobulin Anti-MI¢g-fi Purified antibody 1.5 2.0 14, 25 32.6" 
Rabbit anti-mouse immunoglobulin Fab Anti-MIg-fi Fab IgG Zi) 10.0 25 40-55 
Goat anti-mouse (IgM) Anti-p-fi Purified antibody 3.0 0.5 21 30.6* 
Goat anti-mouse 7,(igG;) Anti-yı-fl i ss 3.2 0.5 21 0.3* 
Goat anti-mouse Yeap Anti-Yean-fl ik “5 3.5 0.5 21 18.8* 
(IgG and IgG) f 

Goat anti-mouse a(IgA) Anti-a-fl ke yg j 3.2 0.5 21 0.7* 
Goat anti-human p (IgM) Anti-human p-fl rx he 3.2 0.5 16 0 

Mouse anti-6C3H Anti-6-f1 IgG 0.8 10.0 15 25—40 


The aggregate value for labelling with these reagents separately is 50.4%. 
*Result of a single experiment where the proportion of cells stained with a mixture of fluorescein-fi-labelled anti-p, anti-yl, anti-y2ab and anti- 


a was 47%. 
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Table 2 Proportion of Ig-bearing and 8-bearing cells in foetal liver and spleen* 





Liver Spleen 
Day of No. of No. of 
gesta- experi- Ig. H Yh Ya a 0 experi- Ig H Yi Yo a 0 
tion ments ments 
12 i 9/104 — — — — 0/104 0 — —_ — — _ = 
13 1 9/1.2x 104 — — — — °2x10 0 — — — as — = 
14 7 6/1.6 x 105 — — — — ©°/2.7 x104 2 /600 — — — ~ = 
15 I 0/104 — — — — — 0 — ~~ = — — -a 
16 2 2/104 6X 1 05x10% %5xI10% %5xI10% 104 2 — %%5500 — 200 ~~ = 
17 l 110° — — 371.5 10% 9/104 73x10 1 7/588 7/504 — */5000 °/12000 — 
(1.1%) (0.02%) (1.3%) (1.2%) (0.04%) 
18 fA 5/108 35/6500 8/195 5/101 6/104 242x10? 2 %/500 19/313 — 2000 7/7500 5/2600 
(0.5%) (0.5%) (0.05 9 (0.01 %) (1.2%) (4.2%) (0.35%) (0. D fo) (0.2 fo ) 
19 1 23/2400 ` 44/3000 °/5000 5/2500 0/5000 — 1 42/401 2/306 °/5000 J 1250 °/40 
1%) (1.4%) (0.2%) 3.9%) 2%) (0.24%) 
20 0 vo — — — — — 2 — 168/500 °/2000 5/700 ? —— 
(3.2%) (0.7%) 


*Slides were scanned systematically using an oil-immersion objective and the total number of cells surveyed was estimated from the number of 
fields and number of cells per field examined. 


Table 3 Development of Ig-bearing lymphocytes in foetal liver explant* 


Age of liver Proportion of cells labelled with 


Experiment explanted Days in — 
(d) culture Anti-MIg Fab anti-Mlg  Anti-ņu  Anti-y,  Anti-y, Anti-a Anti-@ Anti-human p 
1 14 2 ®/7000 — — — — — 9/2000 — 
2 14 4 3/2000 — — —- — — 9/4000 — 
(0.45 %) 
3 14 4 — 5/2500 7/3000 0/8000 3/7300 0/4000 9/8000 — 
(0.2%) (0.23%) (0.04%) 
4 15 3 2/2000 - 2/2000 — — — — — —_ 
(0.1%) (0.1%) 
5 14 5 — 23/1900 18/1280 — 5/3100 — — — 
(1.2%) (1.4%) 0.16%) 
6 14 5 — — 23/2500 9/3500 3/3000 °/4000 °/2000 9/6000 
(0.92%) (0.1%) 
7 14 7 — 12/440 7/232 2/200 3/200 2/4000 — °/5000 - 
(2.5%) (3%) (1.5%) (0.05%) 


*See legend to Table 2. 


taken at various times and teased in veronal-buffered saline 
containing 20% foetal calf serum and 0.2% sodium azide. 
Aliquots of cells were spun onto slides in a cytocentrifuge 
and stained with McNeal’s tetrachrome. In addition, cells 
were incubated in suspension with a variety of fluorescein- 
conjugated antisera (see Table 1) at 0°C for 30 min, washed 
twice and examined for surface fluorescence using a modified 
Vicker’s M40 microscope equipped for incident illumination 
as previously described’. Fluorescein-conjugated anti- 
immunoglobulin antibodies, polyspecific and class specific, 
were used to detect B lymphocytes* while’ a fluorescein- 
conjugated anti-@ serum was used to detect T cells®. All of 
these reagents have been used in previoysly reported 
experiments and their properties are outlined and referenced 
in Table 1. Usually the antibodies uséd were purified and 


absorbed using solid-phase immunoadsorbents. The propor- e 


tion of cells labelled with the various reagents in adult 
BALB/c spleens is indicated in Tables f. e 


Differential cell counts on cytocentrifuge preparations 
from freshly teased (uncultured) tissues showed that most of 
the cells prepared from 12-19 d foetal liver belonged to 
the erythroid cell series. From 16 d, increasing numbers of 
granulocytic and monocytic cells were seen with the first 
lymphoid cells being detected at 17 d. We could distinguish 
lymphocytes from erythroid cells because Iymphocytes have 
a thinner rim of cytoplasm which is paler staining than that 
of the erythroid series of cells. The picture in foetal spleen 
was similar to that in liver except that a greater proportion 
of granulocytic and monocytic cells were present at all 
stages. By fluoresence, immunoglobulin-bearing cells were 
first detected at 17 d gestation in both liver and spleen 
(Table 2) correlating well with the morphological studies. 
As has been shown in man™, IgM and IgG-bearing cells 
develop@éd before IgA-bearing lymphocytes. It seems that 
B cell development is relatively retarded in BALB/c mice 
compared to other strains where B cells have been detected 


>» 
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at 16 d gestation”. In agreement with this we have found 
that CBA mice have a higher proportion of B cells in their 
spleens at birth than do BALB/c mice. 

Results of 14 d foetal liver organ culture experiments are 
outlined in Table 3. Although no cells of lymphocyte 
morphology were found in 14 d livers, after 4 d in culture 
approximately 0.5% of the nucleated cells were typical small 
lymphocytes on morphological criteria. With time in culture, 
erythopoiesis declined and an increasing percentage of the 
cells present were granulocytic, monocytic and lymphoid, 
with approximately 2-3% of the cells being lymphocytes 
after 7 d in culture. Correlating well with the morphological 
studies, 0.2-0.45% of cells from explants in culture for 4 d 
bore immunoglobulin, mostly IgM, with a smaller proportion 
of IgG-bearing cells. The proportion increased with time 
in culture, so that at 7 d between 2-3% of the cells were 
immunoglobulin-positive, and two cells (out of 4000 scanned) 
were found that stained distinctly, but faintly, with anti- 
z-fluorescein(fl). No cells labelled with anti-@-fi, anti-y.-fl or 
anti-human--fl after 4 or 5 d in culture, while an appropriate 
proportion labelled with Fab anti-MIg-fi, excluding the pos- 
sibility that fluorescent labelling was related to the binding 
of the conjugates by Fc receptors of cells and indicating that 
4-bearing T cells did not develop in these cultures. 

It is highly unlikely that the immunoglobulin-bearing cells 
detected after 4 d in culture were present in the 14 d liver 
explants at the beginning of the culture period and then 
merely concentrated by selective cell survival, as no 
immunoglobulin-bearing cells were detected in scanning 
more than 0.4x10* cells from 14-16 d livers, including 
samples from all livers that were subsequently cultured. 
Although there was a selective loss of erythroid cells during 
culture, we were able to collect 3 x 10°-6 x 10° cells following 
4-7 d culture of 2 or 3 14 d livers (about 3x107 can be 
collected by teasing from this number of livers). Even with 
this cell loss, if the B cells which we detected after culture 
(up to 3% of the cells collected) were already present before 
culture, we would have detected them among the large 
number of 14 d foetal liver cells examined. 

These experiments show that immunoglobulin-bearing B 
lymphocytes can differentiate within mammalian foetal liver, 
in vitro. On this basis mammalian foetal liver can be 
considered as a possible candidate for a mammalian ‘bursal 
equivalent’. We believe that the liver provides a ‘micro- 
environment’ for B cell differentiation as we failed to find 
immunoglobulin-bearing cells in 5 d cultures of liver cells 
obtained from 14 day foetal liver either by trypsinisation or 
by gently teasing the tissue apart. The cells were cultured in 
Falcon flasks in exactly the same media and atmosphere as 
adopted for the whole organ culture. The possibility that 
B cells can also develop in other tissues, such as the appendix 
and Peyer’s patches, has not been excluded, although the 
intestinal epithelial theory of B cell maturation®'® js no 
longer tenable in its original form. It will be of interest to 
investigate the capacity of other tissues, such as foetal spleen 
and bone marrow, to generate B cells in vitro, to determine 
if all haemopoietic tissues can serve this function, or whether 
foetal liver, which is largely derived from foregut epithelium, 
is the only bursa-equivalent organ. These experiments also 
demonstrate that IgM, IgG and probably IgA-bearing cells 
can develop in the foetal liver, in the absence of T cells, 
providing the most direct evidence thus far that T cells are 
not required for the postulated switch from IgM to IgG 
and/or to IgA in single B cells”, The failure of @-bearing 
T lymphocytes to develop in Sd cultures is of interest in 
view of the recent evidence that agents such as poly(A) poly 
(U), cyclic AMP and lipopolysaccharide can induge some 
cells in 14 d foetal liver to express @ (ref. 24). Our attempts, 
in collaboration with Peter Beverley, to induce the* appear- 
ance of immunoglobulin-or 4-bearing cells during a 2 h 
incubation of 14 d BALB/c’ foetal liver cells with these 
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agents have failed so far. 

The development of B lymphocytes in 14 d foetal liver 
explants should provide a useful system for investigating the 
microenvironmental requirements for B cell differentiation, 
the putative immunoglobulin class switch, tolerance 
induction, and the generation of antibody diversity in the 
absence of T cells and in a relatively controlled antigenic 
environment. Elucidation of the bursa equivalent is of 
obvious importance to the understanding of a variety of 


immune deficiency diseases. 
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Expression of M locus differences by 
B cells but not T cells 


Within orclose to the major histocompatibility complex (MHC) 


e of man and mouse there are genetic loci which control the 


production of lymphocyte-associated determinants capable of 


e.. a e. 
stimulating allogenei¢ lymphocytes to synthesise DNA in 
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Table 1 MLR between cells from MHC and M different mice 
Stimulator 
Responder 

CBA/J CBA/J C3H/HeJ BALB/c] DBA/2J DBA/2J 

spleen thymus spleen spleen spleen thymus 
CBA/J thymus 4,167 + 503 — 4251 + 306 19, 194 + 2701 ~ — 
C3H/HeJ thymus 32,979 + 1,269 2,143 + 160 2,140 + 310 ; amma Bo SS 
BALB/cJ — 13,802 + 2,004 — 3,131 a 460 41,103 + 3,231 2,017 + 126 
DBA/2J3 thymus 33,683 + 3,975 — — 3,204 + 706 3,918 +. 401 — 





Numbers represent c.p.m. + s.d. 


mixed lymphocyte culture!?, In the mouse the mixed 
lymphocyte reaction (MLR) is also controlled by an additional 
locus, the M locus, which is not linked to MHC*®. These MLR 
loci seem to be distinct from the loci coding for serologically 
defined (SD) antigens’?4. Recent studies suggest that, in 
certain situations, a genetic difference between responder and 
stimulator cells is not an absolute requirement in MLR. Thus, 
Howe et al.’ and Boehmer et al.&" found that thymus cells from 
certain mouse strains produce high levels of thymidine incor- 
poration when cultured with syngeneic B lymphocytes. 

Lymphocytes which proliferate in response to cells differing 
at lymphocyte defined (LD) loci, but not at SD loci, are reported 
to be unable to develop into cytotoxic effector cellst: %4, The 
nature of the LD stimuli which induce cell proliferation in this 
situation is unknown. This paper attempts to define the cells 
which carry these determinants. 

We have employed Hannig’s system of preparative cell 
electrophoresis? to prepare highly purified T and B cell popula- 
tions for use as stimulating cells in MLR. BALB/c (H29, 
M1is*), DBA/2 (H2, Mis’), C3H (H2", Mis’) and CBA/J 
(H2", Mls“) mice were used in these studies. BALB/c and 
DBA/2 are MHC identical but differ at the M locus; a similar 
relationship exists between C3H and CBA/J. 

Thymus cells, thoracic duct lymphocytes (TDL) and spleen 
cells were obtained by standard methods®. TDL were used as 
stimulating cells after separation by electrophoresis as described 
previously*®, Thymocytes from 6-week-old mice served as 
responder cells. These cells were cultured with stimulator cells 
treated with mitomycin C} from thymus, spleen or TDL in 
Falcon plastic tubes 2005 (Gateway International, Los Angeles) 
at a total cell concentration of 5x 10° per ml culture medium. 
With thymus cells as stimulators, the ratio of responding to 
stimulating cells was 3 : 1; with cells from spleen and TDL, a 
responder : stimulator ratio of 10 : 1 was chosen; in previous 
studies these ratios gave optimal stimulation with strain com- 
binations differing at the MHC or M. locus and reduced 
‘backstimulation’ (see below) by the mitomycin C-treated cells 
(ref. 12 and unpublished observations). The culture medium 


% total stimulation 
S[fad [RIOT jo uonsodo.sy 





Fraction number 


Fig. 1 Stimulating capacity of electrobhoretically separated 
CBA TDL treated with mitomycin C cultured with BALB/c 
(MHC plus M different) thymus cells. Calculated background: 
1,371 c.p.m. Peak stimulation with $ x 10° stimulators: 
103 „428 + 5,630 c.p.m. @—@, Stimuldtion; O- oO: all cellse À 


used was RRMI 1640 supplemented with 10% foetal calf serum 
and mercaptoethanol!?, The cells were cultured at 37° Cina 
humidified atmosphere of 10% CO, in air. *H-thymidine 
(Radiochemical Centre, Amersham, specific activity 25 
Cimmol—!) was added to the cultures at a final concentration 
of 1.3 wCiml— after 48 h and cells were collected after 60 h. 
Radioactivity in DNA extracted from the cells was measured as 
described previously**. Background thymidine incorporation 
was calculated from separate incubations of either 5x 10° 
responder or stimulator cells. 
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Fig. 2 Stimulating capacity of electrophoretically separated 

CBA TDL treated with mitomycin C cultured with C3H (M. 

different) thymus cells. Calculated background: 2,528 c.p.m. 

Peak stimulation with 5 x 105 stimulators: 42.679-+ 3,926 
c.p.m. @—@, Stimulation; O~— O, all cells. 


Table 1 shows DNA synthesis‘by thymus cells cultured with 
stimulating cells from various sources. It is apparent that'there 
is undirectional stimulation of BALB/c thymus by DBA/2 
spleen and of C3H thymus by CBA spleen. These findings are 
in agreement with the studies ‘of Festenstein™ and Salaman 
et al. They differ to some extent from the findings of Katz- 
Heber ef al. These workers found that while BALB/c cells 
responded strongly to DBA/2, a significant though weak 
response was also observed in the reverse direction. The 
authors used a low ratio of responder to stimulator cells in 
their cultures. Recent work of one of us (H.v.B.) suggests that, 
under these conditions, the response observed by Katz-Heber 
et al. when BALB/c cells were used as the stimulating popula- 
tion might have reflected ‘backstimulation’ of the DBA/2 cells. 
In this respect, significant DNA synthesis was observed when 
parental cells treated with mitomycin C were cultured at a low 
(but not a high) ratio with semiallogeneic F, hybrid cells. From 
additional evidence it was concluded that DNA synthesis in 
this situation represented backstimulation of F} cells responding 
to a ‘recognition signal’ from the T cells in the parents popula- 
tion treated with mitomycin C1718, 

When thymus cells instead of spleen cells were used as 
stimulators, responses by thymus cells were significant when an 
MHC difference was involved but not significant when the 
cells differed at the M locus only (Table 1). The data in Table 1 
suggest, therefore, that the lymphocyte-defined differences 
coded for by the M locus were carried by spleen cells but not 
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Fig. 3 Stimulating capacity of electrophoretically separated 
DBA/2 TDL treated with mitomycin C cultured with CBA/J 
(MHC plus M different) thymus cells. Calculated background: 
3,049 c.p.m. Peak stimulation with 5 x 10° stimulators: 
41,683 + 1,050 c.p.m. (DBA/2 TDL were obtained 48 h after 
cannulation and have therefore a higher proportion of B lym- 
phocytes.) @—-@, Stimulation; © ~- O, all cells. 


by thymus cells. More precise information on this point was 
obtained by testing the stimulating capacity of purified popula- 
tions of mature (small) T and B lymphocytes obtained from 
thoracic duct lymph. 

TDL subjected to electrophoresis separate into two distinct 
cell populations which partly overlap’®. Previous studies 
showed that T (6 positive) and B (immunoglobulin positive) 
lymphocytes were arranged in Gaussian distribution in the fast 
moving and slow moving cell fractions, respectively. Thus the 
fractions of highest electrophoretic mobility consisted of pure 
T cells and the fractions of lowest electrophoretic mobility of 
pure B cells; intermediate fractions contained both T and B 
lymphocytes. 

Electrophoretically separated cell fractions of TDL from 
CBA mice were treated with mitomycin C and cultured separately 
at a ratio of 1:10 with thymus cells differing at the M locus 
(C3H) or at both MHC and M locus (BALB/c), The stimula- 
tion observed in these cultures is shown in Figs 1 and 2. As 
described elsewhere?®, the data are expressed as the proportional 
stimulation provided by each stimulator fraction. To make this 
calculation, the counts above background given by the aliquot 
(0.5 x 10° cells) of each fraction of stimulating cells was 
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Fig. 4 Stimulating capacity of electrophoretically separated 

DBA/2 TDL treated with mitomycin C cultured with BALB/c 

(M different) thymus cells. Calculated background: 1,537 c.p.m. 

Peak stimulation with 5 x 10°stimulators: 66,003 + 9,803 c.p.m. 
@—@, Stimulation, O -— © all cells. 


365 


multiplied by the total number of cells in that fraction. Under 
the constant culture conditions used, addition of the values 
obtained for each cell fraction provided an estimate of the 
total stimulating capacity of the TDL populations as a whole. 
The proportional stimulation provided by each fraction was 
then calculated with reference to this combined value. 

When the data are expressed in this fashion, it is evident 
that, with MHC differences, thymus cells responded to TDL 
fractions containing either T cells, B cells or mixtures of T and 
B cells to approximately the same extent. With a difference 
restricted to the M locus, by contrast, thymus cells responded 
only to cells from fractions containing B cells. Similarly, 
fractions B cell-depleted of DBA/2 TDL stimulated CBA (MHC 
plus M different) thymus but not BALB/c (M different) 
thymus (Figs 3 and 4). 

The observation that T and B lymphocytes share the capacity 
to induce allogeneic (MHC different) T cells to synthesise 
DNA corroborates our previous findings!’**°, A consensus 
of opinion has yet to be obtained on this point, however, since 
some workers have claimed that the allogeneic stimulus is 
carried predominantly by B cells!®, though others maintained it 
was only found on T cells*!, The failure of these workers to use 
more precisely defined populations of T and B cells in their 
studies might have contributed to the disparity in their results. 

We do not know the significance of the finding that, in the 
MLR, the stimulus to lymphocytes differing solely at the M 
locus is carried exclusively by B lymphocytes. As mentioned 
previously, B lymphocytes activated solely by M locus differences 
were reported to be unable to induce cell-mediated lympholysis 
(CML) (ref. 4). Phytohaemagglutinin (PHA)-transformed blasts 
were used as target cells for CML in this study. Our work 
questions the validity of this choice of target cells. Thus, in 
mice, PHA blasts are considered to be derived from T cells that 
is from cells which in our studies did not express detectable 
M locus differences. For this reason work is currently in 
progress in our laboratory to determine whether lymphocytes 
activated to LD differences can lyse B blast cells. 

We thank Nancy Erhardt for technical help. 
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Erythropoiesis in an avian thymus 


As part of an ecological study of the red billed quelea, 
Quelea quelea, undertaken in Tanzania and Kenya between 
1969 and 1972, the size and colour of the thymus glands 
in over 5,000 birds were recorded and subsequently corre- 
lated with the physiological state of the birds, such as the 
state and degree of moult and breeding condition. More 
than 200 lobes from these thymus glands were excised 
and examined by routine histological methods using impres- 
sion smears, paraffin sections and araldite embedded sec- 
tions prepared for light and electron microscopy. This work, 
carried out in collaboration with other workers, will be 
reported in full elsewhere and is briefly summarised here. 

In Quelea quelea, as in other birds!, the thymus consists of 
a number of lobes well separated from one another in two 
long chains one on each side of the neck. In embryos 
about to hatch each lobe was found to be small (less than 
1 mm long) and white; but by the age of 10 d, 17 out of 60 
individuals examined (28%) had pink, enlarged (over 4 mm 
long) thymi; and on becoming independent at 20-d-old 
264 out of 275 (96%) had enlarged thymic lobes. At the 
commencement of the postjuvenile moult at about 9 weeks 
of age, 113 out of 140 (80%) young still had enlarged 
thymi and over the next 3 months, during the progress of 
this moult, the proportion fell to 54 out of 155 (35%). The 
fall apparently continued during the first prenuptial moult, 
though by this time it was difficult to distinguish first year 
from older adults. l 

Thus in queleas, as in most other animals’, maximum 
thymus size is reached before the onset of sexual maturity. 
Thereafter the thymus is said to slowly involute with age, 
but this is not so in queleas where the thymus glands of 
adults undergo rapid cycles of enlargement and regression 
and there are probably several such cycles in one year. 

The most remarkable changes occur in breeding adults. 
Queleas form highly synchronised breeding colonies, each 
colony lasting approximately 6 weeks (after which the 
adults may remain in breeding condition and move away 
to found other colonies‘), As Fig. 1 shows for a colony 
sampled in Tanzania, the percentage of adults with enlarged 
thymi (there was no difference in thymus size between the 
sexes) was low at the start of the colony as mating and 
laying were under way and most individuals had regressed 
thymi. Then, during the incubation period, the precent- 
age of individuals with enlarged thymi increased to a 
peak of 70% soon after hatching, most of the rest having 
thymi of intermediate size (either enlarging or regres- 
sing). Thymus activity declined markedly in the latter half 
of the rearing period. Similar results have been obtained 
from other colonies, though with less complete data. With 
the change from a regressed to an enlarged condition the 
thymic lobes also changed from white to pink or bright red, 
and the thymic arteries and veins became prominent. 

In addition to the cycle of thymus enlargement and regres- 
sion in breeding colonies enlarged thymic lobes were found 
in about 10% of the 919 adults collected while in prenuptial 
moult and in 27% of the 298 birds in postnuptial moult, 
though the percentages varied from year to year. When 
wild females were kept caged in Africa and fed food and 
water ad libitum, however only 1 out of 35 birds killed 
at various times during the postnuptial moult had enlarged 
thymi. We conclude from these results that thymus 
enlargement associated with moult is influenced by factors 
other than the moult itself. 

These observations substantiate Hohn’s findings*® of thy- 
mus enlargement following the breeding seasgn. (and there- 
fore during the postnuptial moult) in adult mallard ducks, 
American robins and house sparrows; “and the observations 


of Ward and D’Cruz’ and Anderson® in which thymuse 


enlargement in a tropical bulbul and the pheasant tespen 
tively was associated with the postnifptial moult. 
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Fig. 1 Changes in the % of adult individuals with 


enlarged and regressed thymi in a synchronised breeding 
colony at Makuyuni, Tanzania. For each sample the remain- 
ing % represents birds with intermediate thymi (enlarging 
or regressing). The laying and hatching data are mean values 
for the colony. a, Regressed thymi; b, enlarged thymi., 


Histologically, all except fully regressed lobes were com- 
posed of a peripheral cortex and a central medulla. The 
cortex of enlarging lobes contained mainly small lympho- 
cytes (average 3—4 wm nuclear diameter) and displayed a 
high level of mitosis. In the enlarged lobe the typical corti- 
cal lymphocyte was in certain regions interspersed with 
lymphocyte-like cells’, early erythroid cells (which were 
found by use of the analytical microscope EMMA-4 to 
contain iron), immature erythrocytes (polychromatophilic 
erythroblasts), mature erythrocytes or pykKnotic cells. In the 
enlarged thymi of breeding adults the entire cortex. of 
most lobes was packed with immature or mature erythro- 
cytes with few, if any, thymic lymphocytes present; in some 
enlarged lobes the medulla also contained immature or 
mature erythrocytes. The presence of enormous numbers 
of erythrocytes imparted a bright red colour to the enlarged 
lobe which persisted in some lobes of intermediate size 
that we regarded as regressing. In regressing lobes, mitosis 
was not apparent, and the cortex contained very large 
numbers of erythrocytes which also filled all the blood ves- 
sels in the lobes. The medulla contained large Hassall’s 
corpuscles which were not well developed in enlarging lobes. 
It seemed as though the efflux of erythrocytes from the 
enlarged lobes of breeding adults was sudden, for in some 
individuals collapsed lobes with little or no cortex were 
found. 

Although invasion of the thymic lobes by immature 
erythrocytes produced elsewhere in the body cannot be 
entirely ruled out, the large numbers of these immature 
cells and the similarity between lymphocyte-like and early 
erythroid cells suggests that the erythrocytes were develop- 
ing in situ. Terni® in 1924 considered the thymus of birds 
to be erythropoietic; and Albert, Wolf and Pryjma"™ pre- 
sented evidence for erythropoiesis in the mouse thymus. 
Sealander and Bickerstaff" found a rise in red cell counts 
correlated with increased thymus weight in wild red-backed 
mice. Granulopoijesis has been demonstrated in the rat 
thymus- and we have found immature granulocytes 
(myelocytes) on electron micrographs of the Quelea quelea 
material. Pease" showed that the myeloblast is the primitive 
stem cell of the granulocytic and erythrocytic lines of cell 
development. Thus, erythropoiesis within the thymus is not 
an unprecedented concept. Identification of erythroid 
precursor cells is beyond the scope of this study but in 
view of. the postulated role of the small lymphocyte in bone 
marrow erythropoiesis’, the transformation of small lym- 
phocytes under phytohaemagglutinin®” and the similarity be- 
tween the small lymphocytes of the marrow and thymus 
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in mice” the role of the small lymphocyte in the thymus 
needs investigating. 

The significance of thymic erythropoiesis in the life of 
Quelea quelea is still a subject for speculation. The thymus 
enlarges while the young bird is growing rapidly and 
acquiring its first (juvenile) plumage and remains enlarged 
in most individuals well into the postjuvenile moult. In 
adults, it frequently becomes enlarged during moult and, 
in most if not all individuals, during the middle period of 
a breeding session. As an individual probably rears several 
broods in the course of a single breeding season, and moults 
both before and after the breeding season, we are left with 
the impression that a typical quelea may experience several 
complete cycles of thymus enlargement and recession each 
year of its adult life. There is reason to believe that the 
thymus enlarges whenever the need for extra erythrocytes is 
great, for example, during initial body growth and sub- 
sequently during each moult when large numbers of new 
feathers are growing and during the incubation period in a 
breeding co.ony when the adults are then recovering from a 
period of severe adverse nutritional balance that occurs after 
the start of each breeding session (ref. 22 and P.W., un- 
published). Inanition (in this case manifested by a great fall 
in the bird’s fat and protein reserves) is known to inhibit 
‘erythropoiesis™*!, a massive production of erythrocytes fol- 
lowing this period (that is, during the incubation period) 
seems quite feasible. At all these times the 14-16 lobes of 
the thymus may make a considerable contribution to the 
increased demand for red blood cells. 

While the cyclic erythropoiesis that we have observed in 
the thymus of adult Quelea quelea has not previously been 
reported, this does not necessarily mean that it is excep- 
tional for there has been no detailed study of the thymus 
of any other wild bird or mammal and for various reasons 
it may be expected not to occur in captive, domestic or 
laboratory animals. 
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Evidence of hydrophobic 


interaction in adhesion to tissue 


Reaggregation and agglutination of cells in vitro have served 
extensively as model systems in the evaluation of various 
adhesion phenomena that occur in vivo. Such studies have 
revealed factors that influence cell aggregation! °, but the 
mechanism involved at the molecular level has not been 
investigated fully. In the agglutination of trypsin-treated and 
virus-transformed cells by concanavalin A, intercellular 
cross-linking of receptors by the plant lectin is believed 10 
be necessary after ionic repulsion**. The adhesion of cells 
may not, however, depend exclusively on the formation of 
cross links®. Hydrophobic inieraction is known to be involved 
in the aggregation of cell surface components’, in the solu- 
tion behaviour of proteins® and in adsorption’, but its con- 
tribution to adhesion involving a biological surface has not 
been considered. This is chiefly because of the difficulty of 
demonstrating experimentally, by conventional techniques, 
that hydrophobic interaction can indeed contribute to any 
significant extent and result in adhesion. I describe here the 
use of a reactive polyurethane prepolymer to evaluate the 
conditions required for adhesion to the surface of con- 
nective tissue due to hydrophobic interaction. 

Castor oil was mixed with the extremely reactive tetra- 
fiuoro-1,3-pnenylene diisocyanate to produce a syrupy 
polyurethane prepolymer” which contained potentially re- 
active isocyanate groups’. When this preparation was 
applied to a wound on the skin of a rat (see legend to Fig. 
1), further reaction was initiated by the moisture present, 
and the prepolymer solidified in 0.3-2.0 min. If hydrophobic 
interaction was adequate, adhesion should have developed 
after solidification of the prepolymer. Even with various 
combinatio:s of castor oil and tetrafluoro-],3-phenylene 
diisocyanate, however adhesion was insignificant (Fig. la), 
and limited to the stratum corneum region of the epidermis. 
When some tolylene diisocyanate was added to the pre- 
polymer, and the mixture was allowed to polymerise on the 
tissue in vivo, the degree of adhesion changed with the 
amount added (Fig. 15). Maximum adhesion was found with 
4-6 mM tolylene diisocyanate. Adhesion could also be 
improved considerably by priming the tissue surface with 
tolylene diisocyanate, This compond could cross link the 
prepolymer with tissue during polymerisation. If this was the 
situation, the observed adhesion could not be attributed to 
hydrophobic interaction. n-Hexyl isocyanate, however, 
which could not form cross links as a monoisocyanate, 
effected the same degree of adhesion (Fig. 1b and c) when 
mixed with the prepolymer. Therefore, the condensation of 
n-hexyl isocyanate with receptors on the tissue surface must 
have made the tissue surface suitable for adhesion. This 
conclusion was supported by the observation that the degree 
of adhesion of the hydrophobic prepolymer changed with the 
number of carbon atoms in an n-alkyl isocyanate (Fig. 1c). 
Maximum adhesion resulted when there were six to eight 
carbon atoms in the hydrocarbon chain. This was because 
higher or lower homologues did not have the proper hydro- 
philic-to-hydrdphobic balance in aqueous media? for the 
isocyanate group to react with tissue and effect maximum 
adhesion. 

Under experimental conditions comparable with those on 
the tissue surface, if$ocyanates react only with the primary 
amino and the sulphydryl groups in proteins", of which 
there are few in connective tissue. It is remarkable that the 

*oonversion of some*cf the receptor sites is sufficient to alter 
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the surface hydrophobic character, and effect adhesion in 
the presence of other unreacted polar groups on tissue 
components. v 
These results show that hydrophobic interaction can result 
in adhesion on a biological surface. The forination of. cross 
links and the nature of tissue surface components do not 
seem to be critical factors. The adhesion dug to this inter- 
action is regulated by the concentration of the converted 
receptor sites and their hydrophobic ‘characteristics at the 
interface. è 
The influence of hydrophobic -interaction has been 
observed to extend to a distance of Sẹèveral microns in the 
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Fig. 1 Adhesion of the hydrophobic prepoly- 
mer to tissue, Several samples containing 1 mM 
castor oil, 4 mM tetrahydrofuran, 1 mM 
pyridine and a silicone surfactant! (0.4%, w/w) 
were prepared. These samples were converted 
into prepolymer by mixing with tetrafluoro— 
1,3-phenylene diisocyanate. The concentrations 
of tetrafluoro~1,3—phenylene, diisocyanate, 
tolylene diisocyanate or n-alky! isocyanate 
required are indicated on the abscissae. Each 
prepolymer sample of a particular composition 
was used to close four 1.5 cm stab wounds on 
the dorsal skin of an anaesthetised Wistar rat. 
The adhesion of the prepolymer to tissue was 
assessed on a pneumatic tensiometer™, Each 
point on the graphs was the average of the four 
determinations on the same animal. a, Prepoly- 
mer samples contained various.concentrations 
of tetrafluoro—1,3—phenylene diisocyanate only. 
b, Various concentrations of tolylene diiso- 
cyanate were added to prepolymer samples 
made with 4 mM tetrafluoro—1,3—phenylene 
diisocyanate, The horizontal part of the curve 
was due to cohesive failure of the solidified 
prepolymer. c, Each sample of the prepolymer 
. Was prepared with 4 mM tetrafluoro—J,3— 
phenylene diisocyanate, and then mixed with 
4 mM n-alkyl isocyanate which had the re- 
quired number of carbon atoms as indicated. ` 


case of the chemotactic attraction of leukocytes by con- 
jugated proteins*™®, On the surface of unassociated or dis- 
sociated cells, requirements for adhesion due to strong hydro- 
phobic interaction, as I have established here, can be more 
easily achieved by diffusion®>” and configurational changes* 
of surface components. Therefore the contribution of 
hydrophobic interaction should be given full consideration 
in studies of adhesion phenomena in vitro**, 
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H.-receptors in peripheral blood vessels 


THE recent observation that certain histamine responses which 
were resistant to antihistaminic blockade may now be abolished 
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by the newly synthesised compounds burimamide (N-methyl-N? 
[4-(4/S)-imidasolyl) butyl] thiourea) and metiamide (N-methyl- 
N! [2/(5 methylimidazol-4-yl) methylthio/ethyl] thiourea) 
(both compounds, Smith, Kline and French) has culminated 
in the interpretation of histamine action in terms of both H,- 
and H,-receptors!. Until now the attention of workers in 
this field has centred upon gastric acid secretion. Our own 
studies, however, have been directed at the receptor control 
of the microcirculation and we have previously reported 
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variation in clearance rate, the method has provided acceptable 
reproducibility with repeat studies on the same joint’. 

These studies were carried out on adult dogs weighing 
between 22 and 32 kg using a standard anaesthetic and experi- 
mental technique. 

Both agonist and antagonist drugs were injected intra- 
articularly and various doses of each drug (histamine 1-2.5 ug, 
metiamide 50-1,000 ug and mepyramine 500 and 1,000 ug 
were used in these studies. 





Table 1 13? Xe clearance half life (74) values with histamine (H) alone and histamine following H, antagonist mepyramine (Mep) given in 
increasing Mep:H dose ratios 


Histamine Histamine response following mepyramine with various dose ratios Mep:H 
100:1 $00:1 1,000:1 
Pre Post (ug) Pre Post Pre Post Pre Post 
35 16 (1.0) 60 22 73 25 48 15 
25 16 (1.0) 38 18 39 13 73 24 
68 18 (1.0) 55 31 32 21 36 23 
42 16 (1.0) 150 37 96 51 32 18 
68 30 (1.0) 43 23 
64 331 (2.5) 66 18 
62 35 (2.5) 47 36 
50 13 (2.5) 
61 14 (2.5) 
34 16 (2.5) 
Mean 51 21 76 27 60 28 49 22 
sem. 5.0 2.7 15 8 6 
Mean change 6% 60% 53% phys 





failure -of conventional antihistaminics to block histamine 
responses in our experimental model*. Here we report results 
obtained in the canine diarthrodial joint which demonstrate 
the abolition of histamine responses by H, and not by H;- 
blocking compounds and thus supporting the conclusion that Ha- 
receptors are involved in the control of peripheral blood 
vessels. 

The clearance rate of radioactive xenon (°°Xe) from a 
diarthrodial joint following intraarticular injection affords an 


The relationship between agonist and antagonist was studied 
in each experiment by injecting first the antagonist followed 
10-20 min later by histamine. 

Histamine was supplied as histamine acid phosphate (1 mg 
ml (Evans Medical)), mepyramine as mepyramine maleate 
(50 mg ml) (Anthisan, May and Baker) and metiamide was 
obtained as a powder from Smith, Kline and French Labora- 
tories. All drug dilutions were with isotonic 0.9% sodium 
chloride or sterile water. 





Table 2 155Xe clearance half life (74) values with metiamide (Met) alone and with histamine following metiamide given in increasing Met:H 
dose ratios 


Metiamide alone 


Histamine 


response following metiamide (Met) in increasing dose ratios (Met:H) 
200: i 1000:1 


< 200:1 
Pre Post (ug Pre Post Pre Post Pre Post Pre Post 
115 115 (25) 115 29 20 12 31 317 39 49* 
20 20 (50) 22 11 38 24 47 47* 28 33° 
45 55 (50) 28 13 25 a . 26 26* 150 150* 
49 51 (200) 60 21 32 29* 60 58* 
50 50 (360) 150 59 50 25 37 337 
47 50 (560) 36 15 34 24 35 35* 
40 34 (500) 50 20 48 48* 
24 25 (500) 
35 38 (500) 
60 58 (1000) 
i 150 150 (1000) 
m . 57 59 66 24 35 28 39 38 72 77 
s.e.m. 12 12 18 6 4 5 5 39 37 
Mean change 17 59% 19% 0% 





*Indicates instances of complete H,-receptor blockade. 


indirect measure of synovial tissue perfusion®*, Less than 0.2 ml 
of the gas dissolved in sterile 0.9% sodium chloride was 
injected into the diarthrodial. joints of anaesthetised adult 
dogs and the clearance followed by means of a thallium- 
activated sodium iodide scintillation crystal positioned above 
the joint and connected to a photornultiplier, pulse height 
analyser and ratemeter recording on a Rikadenki chart re- 
corder. From a semilogarithmic plot of the count rate the half 
life (T}) (min) of the clearance rate was calculated. This 
technique has been used in the past to demonstrate the presence 
of adrenergic and cholinergic receptors in the synoviel micro- 
vasculature, and although there is considerable individual 


The results are shown in Tables 1 and 2. Histamine con- 
sistently increased the xenon clearance rate in doses of 1 pg 
and 2.5 pg (Table 1). This response was not abolished by 
mepyramine maleate in any concentration ratio. Metiamide 
alone produced no consistent change in xenon clearance rate 
(Table 2) but completely abolished the action of histamine at 
dose ratios of 500:1 and 1,000:1 (Met:H). Variable responses 
were obtained at the ratio of 200:1 and the histamine vaso- 
dilator respofise was clearly apparent at lower concentration 
ratios. _ . 

The abolition of vasodilatation induced by histamine 


* in peripheral blood vessels by metiamide and not by 


ar e 
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mepyramine maleate strongly indicates that the effect of 
histamine in this experimental model is an H,-mediated 
response. Other workers have documented involvement of 
both H, and H -receptors in larger blood vessels**. Reed 
et al.’ have documented H,-receptor abolition of vasodilata- 
tion induced by histamine in gastric mucosa using the amidopy- 
rine technique and our results using a radioactive tracer 
clearance technique are in accord with theirs. The implications 
of lipid soluble inert gas clearance rates and their relationship 
to tissue perfusion have previously been discussed‘. The 
evidence supports the contention that large changes in clearance 
rates, produced pharmacologically, may be interpreted as an 
alteration in tissue perfusion. The expression of results in 
terms of absolute flow rate per tissue volume, however, is 
more contentious. 

If, as these results indicate, histamine H,-receptors are 
implicated in the control of peripheral blood vessels, a rational 
explanation is available for the first time for the failure of 
conventional antihistamine to completely reverse the effect 
of histamine on systemic blood pressure responses®. In addition, 
the potential interference in vascular responses mediated by 
histamine offered by metiamide offers an important new 
approach to the therapy of inflammatory joint disease. It is 
also conceivable that these methods may be applicable to the 
study of the relationship between hydrogen ion secretion and 
peripheral tissue perfusion in diarthrodial joints and in gastric 
mucosa’ and we are currently exploring these possibilities. 
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Binding of concanavalin A and , 
ricin to synaptic junctions of rat brain 


+ 
THE synaptic junction is the intercellular gontact where 
bioelectrical impulses are transferred and transformed by 
neurotransmitters. The molecular mechanism of impulse 
transformation is still largely unknown. To understande 
this process, a detailed knowledge of the structure of the 
synaptic apparatus is essential. The available informatton 
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on the morphology and cytochemistry of synapses has 
recently been reviewed'. To arrive at a more precise 
morphological characterisation of the synaptic junction 
with respect to carbohydrate moieties*’, we investigated the 
capacity of the plant lectins concanavalin A (con A) and- 
ricin, labelled with ferritin’, to bind to isolated synap- 
tosomes (that is, pinched-off axon terminals) and synaptic 
junctions. 

A crude mitochondrial pellet obtained from the brains 
of adult male Sprague-Dawley rats was further fractionated 
according to the technique of Levitan ef al.’ to isolate 
synaptosomal membranes. This fraction was treated with 
the detergent Triton X~100 at a concentration of 4 mg ml™! 
(protein® and Triton X-100 in a ratio of 1:1 by weight), as 
described by Cotman et al.’. The resulting suspension was 
layered on a discontinuous sucrose gradient to isolate the 
synaptic junctions’. 

Concanavalin A (Calbiochem) was coupled to ferritin 
(Schwarz/Mann) with glutaraldehyde (Polysciences) at 
a molar ratio of 1.0 in the presence of 0.2 M 2-methyl- 
glucoside in phosphate buffered saline (PBS) at pH 7.3-7.5 
(ref. 8). Ferritin-con A and con A were isolated by affinity 
chromatography on Sepharose G—200 (Pharmacia) and eluted 
with 0.1 M 2z-methyl-glucoside. Ferritin-labelled con A was 
then separated from unreacted con A by density gradient 
centrifugation®. Ricin was similarly coupled to ferritin and 
purified according to the same procedure with the exception 
that Sepharose 4B gel (Pharmacia) and galactose were used 
instead of Sephadex and o-methyl-glucoside®™. 

The crude mitochondrial and the synaptic junctional 
fractions were incubated in 0.2-0.5 ml ferritin-con A 1-2 
mg ferritin ml7? in PBS molar ratio ferritin: con A about 
1:3) or in ferritin-ricin (0.4-0.8 mg ferritin ml“! in PBS, 
molar ratio ferritin: ricin about 1:3) at 20° C for 1 h. As 
a control for the specificity of the lectin binding, samples 
were also incubated in the presence of 0.2 M inhibitor 
(«-methyl-mannoside for con A, galactose for ricin). After 
the incubation, the suspensions were diluted 20-—50-fold 
with PBS, centrifuged at 10,000g for 15 min and washed 
twice with PBS. The sediments were fixed in 2.5% buffered” 
glutaraldehyde (Polysciences) for 30 min at 20° C, followed 
by 1% buffered” osmium tetroxide for 1.5 h at 4° C, dehy- 
drated through graded acetones and embedded in Araldite. 
Thin sections were stained with uranyl acetate and lead 
citrate, 

We found that of all the synaptic elements investigated 
the synaptic cleft had the greatest binding capacity for both 
ferritin-con A (Fig. la, b, c) and ferritin-ricin (Fig. 1d); 
the latter, however, bound to a lesser extent than ferritin- 
con A. In all control experiments, the binding of lectins was 
completely inhibited by the presence of the appropriate 
hapten inhibitor. Compared with intact synaptosomes 
(Fig. la), the cleft region of isolated synaptic junctions 
(Fig. 1b, c) was considerably more densely coated with 
labelled con A. Except in the synaptic cleft region, staining 
of the synaptic junction was negligible. Treatment with 
Triton, which removes a large part of the presynaptic 
membrane material from synaptosomes, seems to result in 
extensive exposure of. binding sites located in the cleft 
region (Fig. 1b, c, d,); the penetration of ferritin-labelled 
con A into the synaptic cleft of intact synaptosomes is ob- 
viously restricted (Fig. la). Furthermore, the extent to 
which ferritin-con A binds does not depend on the presence 
of an intact postsynaptic membrane (Fig. 1b, c). 

From these findings we come to the following conclusions. 
(1) The synaptic cleft contains a high density of con A 
receptors (believed to be mannosyl or glucosyl end-groups”) 
and af appreciable number of ricin receptors (believed to be 
galactose end-groups). (2) The consistency of the cleft 
material in intact synaptosomes is such as to allow the 
penetration of the comparatively large ferritin-con A mole- 
cules (about 150 A in diameter?) (Fig. la). After fixation 
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of the synaptosomes with glutaraldehyde, the accessibility of 
lectin-binding sites in the synaptic cleft is abolished". (3) 
The lectin-binding carbohydrate groups are firmly bound 
to the cleft region, since they are insensitive to the detergent 
treatment; they could be anchored within that part of the 
postsynaptic web which is.in contact with the synaptic 
cleft. In such an arrangement, the connecting molecular 
links would run through the postsynaptic membrane. Al- 
ternatively, the removal of the postsynaptic membrane by 
the detergent could simply expose additional binding groups. 





Fig. 1 a, Synaptosome labelled with ferritin-con A; ferritin- 
con A is dispersed over the membrane of the axon terminal 
(recognisable by the synaptic vesicles) and the postsynaptic 
membrane. Ferritin-con A can penetrate the synaptic cleft 
(arrow) and bind there specifically (x 27,000); b, Synaptic 
junction stained with ferritin-con A; postsynaptic membrane 
dissolved by Triton X-100 (x 34,200). c, Synaptic junction 
stained with ferritin-con A; postsynaptic membrane intact 
(x 34,200). d, Synaptic junction stained with ferritin-ricin; 
postsynaptic membrane dissolved by Triton X-100 ( x 34,200). 


The high density of con A-receptors at the synaptic 
junctions was subsequently exploited for their purification 
on con A-Sepharose gel (Pharmacia). In preliminary experi- 
ments, a three-fold enrichment (as judged by morphometric 
analysis of electron micrographs) of synaptic junctions com- 
pared with the final material from conventional procedures 
(density gradient) was obtained. 

We thank W. Schweizer and J. Heid for experimental 
assistance and Drs S. de Petris and G. L. Nicolson for 
suggestions concerning the coupling of concanavalin A 
to ferritin. The ricin was a gift from Professor H. J. Horst- 
mann, University of Erlangen, Germany. 
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Toxins of Vibrio cholerae and Escherichia 
coli stimulate adenyl cyclase in rat fat cells 


Rat epididymal fat cells respond to enterotoxins of Vibrio 
cholerae and Escherichia coli with increased membrane 
adenyl cyclase activity and glycerol release. Cholera toxin 
increases adenyl cyclase activity in many other tissues and 
cells, including intestine, leukocytes, immunocytes, platelets 
and liver*-°. Here we report studies on the response of fat 
cells to these bacterial toxins and their effect on membrane 
adenyl cyclase activation by adrenaline. 

E. coli toxin was prepared from a Millipore filtrate of an 
18h culture of a strain of Æ. coli previously isolated from a 
patient with nonvibrio cholera’* grown in medium contain- 
ing the following concentrations of materials in g 11: 20 g 
Bacto-Difco casamino acids, 1.5 g Bacto-Difco yeast extract, 
2.5 g NaCl, 8.71 g K:HPO; (0.05 M), and 1.0 ml Trace salts 
solution (containing 50 g 17! MgSO, 5.0 g 1°? MnCl», 5.0 
g 1-1 FeCl, dissolved in 0.001 N H2SO,). The mixture was 
adjusted to pH 8.5 with 0.1 n NaOH. Cultures were grown 
with shaking 500 ml in a 2.5 1 low-form flask. After Milli- 
pore filtration, the TRY culture media supernatant was con- 
centrated by UM-10 Diaflow filtration to a final concentra- 
tion of 10 mg ml~!. Highly purified V. cholerae toxin was 
prepared by Finkelstein, according to a method previously 
described’. Both toxins were tested for their ability to pro- 
duce fluid loss in duodenal loops of mongrel dogs’. Fat 
cells were isolated from the epididymal fat pads of male 
Sprague-Dawley rats by treatment with collagenase (4 mg 
mi) for 1 h, filtration through silk screen, and subsequent 
washing three times with buffer. All incubations were car- 
ried out in Krebs-Ringer phosphate buffer, pH 7.2, with 
albumin (3.63 g per 120 ml) while shaking at 60 r.p.m. in a 
37°C water bath. Toxins were added at time zero at con- 
centrations of 1 mg ml (E. coli) and 1 wg mi" (VY. 
cholerae) to fat cells 0.5 g 1.0 mi. At the end of 10 min, 
all samples were diluted with buffer to final volume of 5 ml 
(except the 5 rhin point which was diluted at 5 min). Incuba- 
tion was terminated by centrifugation of cells and media for 
1 min at 1,500 r.p.m. and removal of infranatant buffer for 
glycerol determination”. Fat cells were lysed by exposure 
to chilled (4°C) distilfed water and mixing twice on a vortex 


e shaker. Membranes were isolated in a pellet by centrifuga- 


tion at 12,000g for 10 min at 4° C. Pellets were resuspended 
Ym cold Tris-MgCh buffer (75 mM Tris, 25 mM MgCh, pH 
a 
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8.0) adjusted to make a protein concentration of 25-100 ug 
in 55 ul of total reaction mixture. Adenyl cyclase activity 
was subsequently measured by conversion of *P—ATP to 
#P_cyclic AMP according to the method of Krishna. The 
responsiveness of membrane adenyl cyclase to adrenaline 
was evaluated by adding 5.5 „M adrenaline to the adeny] 
cyclase assay of membranes from control cells and exposed 
cells exposed to toxin. 

The stimulation of membrane adenyl cyclase by Æ. coli 
toxin was at its maximum (642 + 269 pmol cyclic AMP per 
mg protein per 10 min increase over control) by 30 min, 
falling to control levels within 60 min (Fig. la). The response 
to cholera toxin, however, was not measurable until after 60 
min and continued to rise to a. plateau of 1244+121 pmol 
cyclic AMP mg” protein per 10 min increase over control 
adenyl cyclase activity at 3-4 h. The action of a single dose 
of cholera toxin on gut cells is known to continue for at 
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Fig. 1 Time course of the response of isolated rat epididymal 
fat cells to E. coli (%) or V. cholerae (W) enterotoxins (9195 
and 1071, respectively) measured by adenyl cyclase activity in 
pmole cyclic AMP per mg protein per 10 min above control 
values (a), or cumulative glycerol release in nmol mi~! above 
controls (b). Values expressed as mean + s.e.m. 


least 12 h but measurement of duration is limited in our 
system by viability of isolated fat cellst. Statements about 
the effects after 3 h are not therefore possible. 

Glycerol release in response to cholera toxin began after 
60 min and continued beyond 3 h. Neither the adenyl 
cyclase activation nor the glycerol* release induced by 


cholera toxin was significantly altered by the five-fold dilu-, 


tion of cells and toxin after the initial 10 min incubation, 
indicating rapid and strong binding of toxin to cell. A signf- 
6 
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ficant lipolytic response to E. coli toxin was seen at 5 min. 
This activity was heat labile (boiling for 10 min). By 3 ha 
total 48 nmol ml of glycerol had been released. Cells 
which were not diluted as described previously and were 
exposed continuously to 1 mg ml™'! of E. coli toxin released 
138 nmol mi~! of glycerol by 3 h. This difference in re- 
sponse to the same initial concentration and total dose of 
toxin indicates a more transient or less avid interaction with 
cells. A similar action of E. coli toxin on canine intestine 
has been reported", Preliminary experiments with fat cells 
indicate that washing cells previously exposed to toxin has 
no effect on response to cholera toxin, but washing cells 
exposed to E. coli toxin at 5 min can prevent a further rise 
in adenyl cyclase activity and glycerol release. 
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Fig. 2 Responsiveness to adrenaline of membranes of cells pre- 

viously exposed to E. coli (n=14) or V. cholerae (n=1) toxins. 

@, Cells exposed to E.‘colt toxin; O, cells exposed to cholera 

toxin. ae 0.86 P < 0.01. The regression lines indicate the slopes 
at 95% confidence limits. 


In spite of the marked difference in the time course of 
‘'adenyl cyclase stimulation by these two bacterial toxins, 
both have a significant effect on the responsiveness of mem- 
brane adenyl cyclase to further stimulation by adrenaline. 
Exposure of membranes to 5.5 uM adrenaline at the time 
of adenyl cyclase assay resulted in a significantly greater 
increase in adenyl cyclase activity in membranes previously 
exposed to either toxin than in control membranes (Fig. 2). 
This heightened response was greatest in membranes show- 
ing the greatest response to either toxin. 

Enterotoxins of E. coli and V. cholerae produce gut fluid 
loss by similar actions on ion movement across gut mucosa. 
They each produce an altered ion flux by stimulating adeny] 
cyclase and thereby increasing cyclic AMP levels, Each 
affects tissues other than intestinal mucosa, producing 
effects, compatible with increased levels of cyclic AMP. 
There is also a close antigenic relationship between the 
heat-labile components of E. coli and enterotoxins de- 
monstrated by immunological cross reactivity with specific 
antisera“. 
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Although the relationship to toxin receptor and regulator 
to the hormonal receptor and regulator is not known, other 
studies have indicated that toxin action does not interfere 
with norma! channels of hormone action, Here, we have 
demonstrated not only a lack of interference, but also a 
marked facilitation by toxin of cellular response to a 
hormonal stimulus. The enhanced responsiveness of cell 
membrane adenyl cyclase to adrenaline is related directly to 
the response of cells to toxin. Thus, stimulation of whole 
cells by toxin sensitises their membranes to subsequent 
catecholamine challenge. The mechanism of this enhanced 
hormonal responsiveness is not clear. 

V. cholerae infections are restricted to the gut lumen 
and the action of tts enterotoxin is only on intestinal 
epithelium. It will be of interest to determine whether the 
sensitisation of intestinal epithelium to hormonal stimuli 
plays a role in cholera in addition to the known direct action 
of cholera toxin. The E. coli enterotoxin(s), however, may 
not be restricted in their action to the intestine as E. coli 
frequently causes tissue infections and septicaemia. Should 
enterotoxin production occur in the blood stream or other 
tissues, a variety of biological effects might be expected 
based both on the direct stimulation of adeny] cyclase in 
the involved tissues and on enhanced responsiveness to 
normal hormonal stimuli. Such effects are seen when cholera 
toxin is given parenterally to animals”, Some effects such 
as hypersensitivity to catecholamines have already been 
observed and attributed, perhaps erroneously, to endo- 
toxin™. 
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Subterminal motor nerve 
abnormalities in psychotic patients 


THERE is considerable evidence of neuromuscular dysfunc- 
tion in most patients with all types of the functional 
psychoses, Examples of such dysfunction are (1) increased 
activity of skeletal-muscle-type creatine phosphokinase 
(CPK) in serum in the acute stage of psychosis'~*; (2) ab- 
normally large increases in serum CPK. activity with a 
standardised exercise test performed by patients in symp- 
tomatic remission; (3) morphological abnormalities in 
skeletal muscle fibres at biopsy, particularly scattered atro- 
phic fibres and extensive areas of Z-band streaming®-*; and 
(4) abnormalities of eye movements in tracking a pendu- 
lum’. The skeletal muscle fibre abnormalities found in 
psychotic patients are likely to be neurogenic in origin". 

We now report neurological abnormalities of subter- 
minal motor axons in 21 out of 29 psychotic patients. 
Our subjects were 16 acute and three chronic schizophren- 
ics, one patient with a paranoid psychosis, four manic- 
depressives—manic or hypomanic phase—five psychotic 
depressives and two nonpsychotic hospitalised depressed 
patients. Diagnoses were made by consensus of two psych- 
iatrists and one social worker without knowledge of the 





Fig. 1 The subterminal nerve ends in five branches, The two 
branches on the right end on the same skeletal muscle fibre. The 


stain was methylene blue, x 360. 


biological data. All patients with the diagnosis of schizo- 
phrenia satisfied the criteria of the New Haven Schizo- 
phrenia Index". The patient groups consisted of 15 males 
and 14 females; their median age was 24 (range, 17—45). The 
contro] group consisted of three male and three female 
volunteers who were accepted only after a thorough history 
revealed no personal or familial medical illness that might 
affect neuromuscular pathology. Their median age was 
23 (range, 22-35). 

The peroneus brevis was biopsied under local anaesthesia. 
The subterminal motor nerves were stained supravitally 
with methylene blue” and the absolute and functional ter- 


e minal innervation ratios (ATIR and FTIR respectively}? 


were determined by carefully following at least 100 sub- 
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terminal motor nerves selected randomly from all of the 
slides prepared from each patient. All histological work was 
performed on a blind basis by coding the slides. To test 
the reliability of the method, investigators made inde- 
pendent assessments of coded slides. The inter-rater correla- 
tion coefficient of six innervation ratios was r=0.932 
(P<0.01). We have also computed the percentage of axons. 
with more than two branches, since such extensive branch- 
ing has been considered to be diagnostic of denervation 
and reinnervation. Two other small samples from the same 
muscle were obtained for histochemical studies and phase 
microscopy by methods described previously®’. 

TIRs for patients and controls are summarised in Table 1. 





Table 1 Absolute and functional terminal innervation ratios 


Absolute TIR Functional TIR 
N Means.d. Range Means.d. Range 


Chicago controls 6 1.08+0.049 1.05-1.16 1.070.052 1.05-1.16 
Controls of 





Group 


Céers*12 56 — — L41+0.05 1.01-1.20 
All psychotics 29 1.49+0.46ł} 1.00-2.90 1.39-+0.34f§1.00-2.35 
Allschizophrenics19 1.46+0.50f 1.00-2.90 1.36+0.36¢§1.00-2.35 
Affective psychoses9 1.57+40.34f 1.04~1.93 1.48-+0.317§1.03-1.87 
Neurotic 
depression 2 {.1140.01* 1.10-1.12 1.11+0.01* 1.09-1.12 





The ATIR is defined as the number of end plates innervated by a 
given number of axons divided by that number of axons. Similarly, 
the FTIR is defined as the number of muscle fibres innervated by a 
given number of axons divided by that number of axons. The mean 
ATIR and FTIR of the experimental groups were compared with 
those of the Chicago controls by means of a Mann-Whitney U test, 
two-tailed: * P>0.5;7 P > 0.01; | P > 0.005. 

The mean FTIR of the experimental subjects were compared with 
those of the controls of Céers and colleagues using a two-tailed 
t-test: § P < 0.001; q P > 0.5. 


The TIRs of the six controls were in excellent agreement 
with those reported by Cöers er al.“-". The 95% upper 
limit of normal for the ATIR was 1.16; for the FTIR it 
was 1.15. The TIRs of the two nonpsychotic patients were 
normal. Of the 29 psychotic patients, 21 had an ATIR 
greater than 1.16 and 19 had an FTIR greater than 1.15. 
The mean TIRs for all psychotic patients, and for the 
subgroups consisting of all schizophrenics (acute and 
chronic combined) and the affective psychoses (manic- 
depression, manic phase and psychotic depression), were 
significantly greater than those of our six controls and 
the 56 controls of Céers eż al.. Although groups were 
small, comparisons of group means gave no evidence that 
acute compared with chronic status or paranoid compared 
with nonparanoid status had any relationship to the degree 
of abnormality of the TIRs. There also were no significant 
relationships between the TIRs and age, sex or race. 

The mean TIRs of the 12 psychotic patients who had 
received the largest total of phenothiazines (8-270 g) were 
not significantly greater than those of the 12 patients who 
had received the smallest doses (0-5.8 g). Increased ratios 
were found in four of six psychotic patients who had re- 
ceived a total of less than 1 g of chlorpromazine. 

The type of branching of the subterminal motor axons 
in the muscle of the psychotic patients is illustrated in 
Figs 1 and 2. The 95% confidence limit for the percentage 
of fibres with three or more branches was 6.2% in the six 
controls. Céers et al. found a mean of 0.65% of subterminal 
axons with three or more branches in the palmaris longus 
and tibialis anterior muscles of 13 controls. Fifteen of 
the twenty-nine psychotic patients had moreethan 6.2% of 
axons with three or more branches (range, 6.6—-25.4%) with 
four patients having 20% or more.of their axons with 
three or more branches. 

The relationship between the TIRs and the results of the® 
histochemical and phase microscopy studies of muscle fibres 
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in the psychotic patients will be described in detail else- 
where”. Here we wish to indicate some important relation- 
ships between muscle fibre abnormalities and subterminal 
motor nerve changes. Three of the psychotic patients with 
an excessive percentage of fibres with three or more 
branches had several groups of 50-100 fibres of the same 
fibre type rather than the usual checkerboard pattern, or 
atrophic fasicles (Fig. 3), Previous studies have demon- 
strated a relationship between elevated FTIRs and type 
grouping’. The correlation between the FTIR and the 
number of small angular fibres in the sample taken for 
histochemistry was highly significant (r=0.719, N=29, 
P<0.01). On the other hand, there was no correlation 
between either TIR and the percentage of fibres with 
extensive areas of Z-band streaming. The TIRs of the 22 
psychotic patients with abnormalities in muscle fibre mor- 
phology were, however, significantly greater than those of 
the seven psychotic patients without such abnormalities 
(P< 0.05, two-tailed). Since scattered small angular fibres 
and Z-band streaming have’ both been described in neuro- 
pathic motor disorders", it seems likely that neuronal 
dysfunction is the basis for both the muscle pathology 
and the increased subterminal axonal branching in 
psychotic patients. Additional support for this hypothesis 
comes from the observation that the ATIR and FTIR 
were not significantly different in the psychotic patients. 
This pattern strongly suggests a neurogenic motor disorder, 
because in primary muscle disease the FTIR remains near 
unity, while the ATIR increases”, 





Fig. 2 Camera lucida drawing. The motor nerve can be fol- 
lowed to at least eight recognisable end plates. Several sprouts 
(branches without end plates) are evident. 


In addition to the branches with terminal arborisations, 
excessive formation of sprouts, or immature branches, was 
found in 11 of 29 psychotic patients (Fig. 2). Coders and 
Woolf have found that sprouting is characteristic of anterior 
horn cell disease and vitamin Br deficiency whereas in 
peripheral neuritis there is little sprouting because the 
healthy motor neurone somata support the formation of 
healthy branches rather than sprouts’, The presence of 
sprouting along with fibre type grouping and excessive 
numbers of small angular fibres, indicates the o-motor 
neurone as a probable locus of neuropathology in these 
patients. It sems likely that the effectiveness of branching 
is one reason why relatively few scattered atrophic fibres 
are present in the psychotic patient. 

These studies therefore show that there are neuropatho- 
logical changes in patients with the so-called functional 
psychoses. The significance, if any, of these abnormalities of 
the mgtor nerves for motor performance in psychotic 
patients is an intriguing question. Evidence for impaired 
psychomotor performance in schizophrenics has been re- 
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Fig. 3 Top, four small, angular atrophic type I muscle fibres are 

indicated by arrows. (Nicotinamide adenine dinucleotide-tetra- 

zolium reductase, x 167.40.) Bottom, two groups of type I fibres 

are indicated by arrows. (Nicotinamide adenine dinucleotide- 
terazolium reductase, x 86.80.) 


viewed recently”. It is conceivable that the abnormalities of 
motor nerves reported here might affect a number of 
critical fine motor processes such as eye movements, larynx 


and finger dexterity such that they contributed to the. 


schizophrenics’ difficulties in adaptation. 
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Effects of bicuculline on functions 
of imbibition in visual cortex 


FURTHER fo a recent report! on the effects of intravenous 
bicuculline on neurones in the cat visual cortex, we feel that we 
should present some preliminary results from our own 
experiments. 

In the mammalian cerebral cortex, bicuculline acts as a 
reversible inhibitor of the action of y-aminobutyric acid 
(GABA) (ref. 2), the principal putative inhibitory neuro- 
transmitter. In the visual cortex, intracortical inhibitory 
interneurones may act to increase the precision with which a 
neurone is selectively responsive to a particular visual stimulus, 
for example,. one specific orientation of a moving edge or 
bar} 5, The direct excitatory input to the cell from the lateral 
geniculate nucleus, (LGN), may only broadly ‘tune’ the cell in its 
responses to orientation, while an inhibitory input (even more 
broadly tuned for orientation), through intracortical inter- 
neurones, could suppress the responses to stimuli away from 
the optimal orientations- (Fig. 1a). This would give improved 
specificity for one particular orientation at the expense of 
general decreased responsiveness. According to this theory, 
then, blockage of intracortical inhibitory neurotransmission, 
such as with bicuculline, should induce an increase in the 
breadth of orientation tuning; a proportionately greater 
increase in responsiveness (Fig. la); and, perhaps, a rise in 
spontaneous discharge if there is tonic activity of inhibitory 
interneurones”®. Also, bicuculline might reduce the specificity 
for stimulus length (hypercomplex cells)4, direction and 
velocity of movement® 1°, and binocular suppressive inter- 
actions?’, all of which could depend on intracortical inhibitory 
interactions. 

Pettigrew and: Daniels have reported! that bicuculline 
administered intravenously increased the breadth of orientation 
tuning, responsiveness, and spontaneous activity of complex 
cells, modified the-receptive fields, and sometimes abolished 
direction selectivity. Hypercomplex ‘cells lost their preference 
for short bars. Simple cells, however, became less responsive 
and. sometimes. more narrowly tuned. Thus, their reported 
results partially support and partially conflict with the theory 
described here. 

In our experiments, adult cats were paralysed with Flaxedil 
and artificiall¥ ventilated with N,O/O. mixture!*. Extracellular 
recordings were made in area 17 (verified by later histology) 
using glass-insulated tungsten microelectrodes and con- 
ventional amplification and display techniques. Quantitative 
estimations of the characteristics of each cell were made by 
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averaging the number of spikes given in response to several 
sweeps of a bright bar of optimum dimensions across the face 
of an oscilloscope, at many different orientations. Linear 
regression lines were fitted to these data to form tuning curves" 
(Fig. 15 and c). Changes in these curves after drug application 
were assessed, using empirical criteria for their reliability: 
changes in breadth of tuning of > 15% and in peak response 
{at the optimal orientation) of >20°% were considered 
significant“, while ¢ tests were used to assess shifts in spon- 
taneous firing level (Table 1). Several hours were allowed 

stween experiments on cells in the same cat to ensure complete 
recovery from the drug. The mechanical stability of the 
preparation for topical application is erratic in some experi- 
ments and has meant that few cells have been fully analysed 
so far. 

First, the effects of intravenous bicuculline (0.2 mg kg"; 
K & K Laboratories) were studied on two simple and three 
complex cells, with essentially negative results. For perhaps a 
minute after injection, the EEG showed very large slow waves 
or ‘epileptiform spikes (effects were inconsistent). Data were 
collected within 13-29 min after injection, and from these an 
orientation tuning curve was constructed and compared with 
that obtained before drug application. 

No systematic changes were seen (Table 1). Intravenous 
application of bicuculline has unknown potential actions on 
neural systems (such as the retina’®, LGN (ref. 16) and reticular 
system’), and can cause tachycardia and hypertension’. 
Some of the findings of Pettigrew and Daniels', especially the 
consistently decreased responses of simple cells, cannot be 
easily explained in terms of neural effects within the primary 
visual cortex alone. 

For topical application experiments, the electrode was 
introduced through a closed perspex chamber cemented over a 
3-5 mm diameter craniotomy above the visual cortex. The 
chamber was filled with warmed saline through long thin 
tubing to damp down pulsations and the pressure was main- 
tained at 10-20 mm H,O. The saline could be replaced with 
10°*M or 10°°M bicuculline as hydrochloride in saline. 

Topical bicuculline broadened the tuning of all three simple 
cells tested (though one by only 12%) and the other predictions 
of the theory described above were verified completely in two 
of these cells (Table | and Fig. 1b). In two simple cells the 
receptive fields were plotted again and they had increased 
three-fold and five-fold in area. The possible correlation of this 
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with alterations in responsiveness remains a matter for future 
investigation. One simple cell, which was clearly direction 
selective before application, showed reduced direction selec- 
tivity afterwards. 

Of the complex cells tested, the first three gave straight- 
forward results (Table 1). Two showed increases in breadth of 
tuning. One of these two fulfilled all predictions of the theory 
under test and also showed a quantitative reduction of direction 
selectivity; bars moving in the nonpreferred direction caused a 
25% inhibition of spontaneous activity before drug application; 


but with bicuculline they caused a clear response, 24% of that. 


in the preferred direction (P < 0.001). This cell was still present 
3-3.5 h after drug removal, when its responses had returned to 


- the condition before drug administration. The third complex 


cell showed no consistent effect of the drug. The fourth complex 
cell was unusual in having clear inhibitory ‘side-flanks’ in its 
orientation tuning curve before application of the drug. Topical 
bicuculline abolished these side flanks as well as increasing the 
breadth of tuning and the peak response (Fig. Ic). 

The next day, a fifth complex cell was found in the same 
location in the cortex, with very similar receptive fields and 
tuning curve to the fourth complex cell. Immediately after the 
application of bicuculline there was actually a decrease in both 
peak response and breadth of tuning (Table 1), but after 
45 min exposure, both parameters had increased above the 
level before the drug was given. But after more than 2 h under 
the influence of bicuculline (and even with an additional 
intravenous application; 0.4 mg kg~}) statistically significant 
inhibitory side flanks to the tuning curve clearly persisted, 
with strong inhibition even for a stimulus perpendicular to the 
best orientation. This indicates the presence of some non- 
orientation-specific inhibition’, possibly not GABA mediated”, 
which may operate in addition to the orientation-specific 
inhibition®® in some or all cells. 

One cell was classified as pure direction selective, responding 
to movement of any stimulus in the optimal direction™. Its 
breadth of tuning for orientation increased by about 50%, 
and so did its peak responses This was, in fact, the only cell 
found showing an almost exact ‘iceberg’ effect, with constant 
slopes to the tuning curve before and after the drug, perhaps 
because of the removal of nonorientation-specific inhibition. 

One hypercomplex cell has also been tested (in cortical 
layer VI:10-*M_ bicuculline). Before the application of 
bicuculline, a long bar (16°) caused slight inhibition of 


Table 1 Actions of bicuculline on orientation tuning curves 


Change in Change in Ratio of . Change in 
Method of Cortical breadth of pea changes spontaneous 
application Cell type layer tuning (%) response (%) (peak: breadth) activity Notes 
Intravenous Simple (—15) (+10) (+) 
0.2 mg kg (— 5) (—17) + 
Complex IV (+ 3) —3] —- 
VI -+22 —27 (—) 
VI (— 1 +40 -+ 
Topical Simple V (+12) +31 2.6 (+) aw 
104 or 10°M Ill +31 +151 4.9 -+ t (Fig. 1b) 
II +36 (—18) (+) tt 
Complex VI 4-75 +23 0.3 (+) * 
V -t-20 -+88 4.4 (—) T 
III (— 3) —36 “fF l 
VI -+- 26 -+100 3.8 (—) (Fig. 1c) 
VI —17 —40 — 
Pure direction selective V +49 +51 1.0 (+) ji 


Data were collected starting 1-5 min and finishing 13-29 min after intravenous injection, and 5-20 min to 35-60 min after topical 
application. All cells studied topically were within 1.6 mm of the surface. (One complex cell was studied which was 4 mm deep, beyond the 
probable range of drug diffusion; no effect of bicuculline was seen, and the cell has been excluded from these results.) From tuning curves like 
those in Fig. 1b and c the breadth of tuning (average half width) and the peak response (evoked impulses at the optimal orientation) were 
measured before and during the application. Changes in these parameters are expressed as % increases or decreases. Values in parentheses 
failed to meet the criteria of significance (> 15% for breadth of tuning, > 20% for peak response) established from control measurements of 
the inherent variability of these parameters without,the application of the drug". To test the prediction that the peak response should show a 
greater % increase than the breadth of tuning, the rajio of the two is shown for cells showing a positive change in both: ratios greater than 1.0 
support the hypothesis. Changes in spontaneous activity are shown simply as an,increase or a decrease (+ or —), those in parentheses being 
nonsignificant (P > 0.01). Not all cells were tested for changes in field size. Both cells examined for reduced direction selectivity (one simple, 
one complex) showed the effect. A 
* 10°M bicuculline (all others 10M). ° 
t Receptive field size increased. 

ł Direction selectivity reduced, ° 8 
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Fig. 1 a Diagrammatic illustration of the theory described in 
the text, whereby a broadly tuned excitatory input, A, and a 
more broadly tuned inhibitory input, B, summate (perhaps 
linearly, as shown here) to give the final orientational tuning 
curve C. Bicuculline should convert the cell’s tuning curve 
from type C to type A. Normally, in cortical cells, spontaneous 
discharge is too low for inhibitory ‘side flanks’ to be seen 
clearly (the dotted lines represent zero firing level for the 
cell). Alternatively, inhibitory effects might be nonlinear, 
perhaps presynaptic, affecting the gain of the excitatory 
mechanisms’. 6, Effects of bicuculline on a simple cell, 
D20R4 (104M bicuculline, 15-64 min after application). 
c, Effects ‘of bicuculline on a complex cell, D18L6 (104M, 
5-50 min after application). @, Responses before application; 
©, responses after application. The spontaneous activity 
was counted over the same gating period used to measure 
the responses. For clarity, the responses are displayed on the 
ordinate as the extra impulses generated by the stimulus 
relative to these spontaneous levels. Inhibition appears 
as negative values, that is reductions of the spontaneous 
discharge. Zero firing levels before (4 ) and after (< ) the 
administration of the drug are shown. 


spontaneous activity, but with bicuculline, a long bar produced 
a clear response, 24% (P < 0.05) of that elicited by a short bar 
(1.5°). Two and a half to three hours after removal of the drug, 
long bars again inhibited the cell slightly. 

There are numerous difficulties in interpreting these results 
quantitatively: one is the general problem of assessing the 
significance of experimental changes in the characteristics of 
neurons that exhibit inherent variability in responsive- 
ness?°14>22 and a second is the uncertain nature of diffusional 
barriers, including distance, when a drug is applied topically. 
Finally, bicuculline itself occasionally has only weak or even 
anomalous actions as a GABA antagonist?**4, In spite of 
these problems, however, all but one of the neurones in this 
sample showed some if not all of the predicted effects of 
bicuculline. These results, together with Sillito’s very recent 
report of the actions of iontophoretically-applied bicuculline’, 
warrant further investigations into the functions of GABA in 
the visual cortex. 

We thank E. A. Tobin for her collaboration during a visit to 
Cambridge in 1971. Drs J. S. Kelly and J. G. Robson gave 
useful discussion and R. D. Loewenbein and J. S. Dormer gave 
technical assistance. D.R. is an MRC scholar; equipment was 
provided by the H. E. Durham Fund and an MRC grant to 
C.B. 
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Constitutivity of the HCG-receptor protein 
in the testis of rat and man 


IN a series of embryological experiments on rabbits and 
rats, Jost et al.’ have shown that the manifestation of the 
male or female phenotype is strictly dependent on the 
presence or absence, respectively, of testosterone. The 
Miillerian inhibitor formed by the seminiferous tubules’ 
only seems to be responsible for the retrogression of the 
Miillerian ducts. Thus, testosterone synthesised in foetal 
testes? is the chief organiser of masculine differentiation; 
a female phenotype results from the absence of testosterone. 
Accordingly, Ohno‘ defined maleness as the induced and 
femaleness as the noninuced state of genital differentation. 
The androgenic effects on the development of the genital 
structures occur during successive critical phases. For 
instance, the stabilisation of the Wolffian ducts in the rat 
occurs between days 17 and 18 (ref. 1) while the prostate 
is imposed on day 21 of foetal life. The imprinting of the 
rat hypothalamus into the male direction, responsible for 
the masculine secretory pattern of pituitary gonadotrophins 
and behaviour pattern, is established during the first two 
days of postnatal life’, Castration, hypophysectomy or 
injections of cyproterone acetate (a highly potent anti- 
androgen) before these critical stages prevent the differentia- 
tion processes but by later treatment the development is no 
longer affected. Similar developmental patterns may be 
applicable to man except for hypothalamus differentiation 
which is fixed as early as in the fifth month of intrauterine 
life’. Full maturity of the genital structures and particularly 
the onset of sperm production, are both dependent on 
testicular agdrogens, so occur rather late during the 
postnatal life of all mammalian species. 

Testicular androgéns are synthesised by stimulus of the 


e gonadotrophic hormones, luteinising hormone (LH) or 


human chorionic gonadotrophin (HCG). Recent studies have 
“shown that the gértadotrophic effect is mediated by a 
o 9 
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Table 1 Uptake of }“*I-HCG by rat testicular tissue taken from pre and postnatal rats. The spleens of the prenatal animals were used as 
controls. 


¢.p.m. bound 


c.p.m. bound plus 


Specific uptake of 1I-HCG 


without unlabelled unlabelled HCG (g x 10°) per 30 min per mg 
HCG (30 pg) protein 

Rat testis prenatal 3,478 + 319* 731 -4 183 1.16 

Rat spleen prenatal T710 + 4i 725 + 120 0 

Rat testis day 5 1,966 + 9.9 627 4+- 68 0.35 

Rat testis day 10 0.85T 

Rat testis day 20 1.767 

Rat testis adult 3.18T 


Binding studies, purification and iodination of HCG were performed as described earlier’. All assays were performed in triplicate. The amount 
of specifically bound HCG was determined as the difference between the c.p.m. bound in samples with '*I-HCG alone and in samples containing 


an excess of unlabelled HCG. 
* Standard error of the mean. 
f See ref. 9. 


specific HCG-receptor in the testicular Leydig cells; the 
stimulation of testosterone synthesis by HCG in Leydig 
cells is preceded by the binding of the polypeptide hormone 
to its specific receptor’. The presence of the specific HCG 
receptor in the developing Leydig cell should therefore be 
a prerequisite for testosterone synthesis and also male 
organogenesis in the foetus. As testosterone synthesis is 
required during both pre and postnatal development, it 
might be assumed that the HCG receptor is present through- 
out these periods, appearing with the first formation of 
Leydig cells in the primordial testis. These cells are first seen 
in the rat on day 14 (ref. 1) and in man around the 60th 


The important point is, however, that the binding capacity 
for HCG of the Leydig cell at each developmental stage 
in rat and man is sufficient to evoke a maximum response; 
Catt and Dufau’ have shown that less than 1% of the HCG- 
receptor sites must be occupied for maximum testosterone 
synthesis. We conclude from our results that one of the first 
events occurring in the differentiating Leydig cell is the 
‘switching on’ of the receptor synthesis so that the Leydig 
cells can start testosterone synthesis. The receptors become 
functional to guarantee that androgenic hormone synthesis 
is sufficient for the stepwise maturation of the androgen- 
dependent genital structures. Defects in the gonadotrophin 





Table 2 Uptake of !*I-HCG by human testicular tissue at different developmental stages. 





26th foetal week 
0.451 + 0.05 


Specific uptake of 
1251-HCG (g xX 109) 
per 30 min per mg protein. 


Neonate (day 4) 10 yr 
0.208 + 0.017 


46 yr 
0.293 + 0.03 


75 yr 


1.800 + 0.12 0.217 + 0.019 





For experimental procedure see text and legend of Table 1. 


day of foetal life®. Here we report experiments to test this 
hypothesis by measuring specific binding of I-HCG by 
foetal and newborn rats and human testicular tissue. 

The procedure used was similar to that described 
earlier’. For the study of prenatal animals at a definite 
developmental stage, mating was determined by examining 
the presence of copulation plugs in the female rats. On 
the 20th day of pregnancy the animals were killed and the 
foetal testes removed. The testes of between 60 and 70 
animals were taken together and homogenised in cold 
Tris-HCl buffer (0.1 M, pH 7.4) containing MgCl (0.005 M) 
and sucrose (0.1 M); when 5-d-old rats were used, the 
testes of 15 animals were pooled in each assay. In the 10, 
46 and 75-yr-old humans individual tests were removed 
3-5 h after accidental death; the neonate died from 
pneumonia. Portions (1 ml) of the homogenate were incu- 
bated with 7 ng I-HCG alone (about 5X10 c.p.m.), or 
with the addition of 30g unlabelled HCG respectively 
at 32° C for 30 min (Table 1). After incubation unbound 
radioactivity was separated by centrifugation. 

The results clearly demonstrate the presence of a specific 
HCG receptor in the pre and postnatal testis of the rat 
and man (Tables 1 and 2). In contrast to the rat, specific 
HCG-binding by testicular tissue in man does not vary much 
with age; only the 10-yr-old boy showed a relative high bind- 
ing capacity. It is not yet known whether there is any 
correlation between high binding capacity and the onset of 
puberty. In rats the fluctuation in binding might be due 
to the varying amount of Leydig cells prestnt during the 
respective developmental stages. There is @vidence™ that 
the pattern of change in Leydig cell numbers may be similar 


in rat and human testicular development. Further studies, 


are in progress to discover any correlations between hor- 


mone binding and human testicular developmental stages. 
. a 


receptor may result not only in infertility of the adult male 
but also in defects in the differentiation of male primary and 
secondary sexual organs. Such defects may only be apparent 
in the homozygous state, heterozygosity may not reveal 
deviations, as only a very small quantity of HCG receptors 
must be occupied to evoke biological response of the 
Leydig cells. 

Constitutivity has already been supposed for the andro- 
gen receptor in the rat ventral prostate’ and for the 
oestrogen receptor in the rat uterus, To our knowledge, 
the results presented here ‘represent the first example of 
constitutivity of a hormone receptor protein in mammals. 

This work was supported by the Deutsche Forschungs- 
gemeinschaft. Crude HCG was a gift from Shering AG, 
Berlin and Organon, Oss. 
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Fibril structure of 
collagen in egg capsule of dogfish 


In spite of a wealth of information relating to the composi- 
tion and structure of mesenchymal collagens, relatively little 
is known about the so-called ‘secreted’ collagens of epithelial 
origin which are much more limited in distribution. The 
materials of the selachian egg capsule has been classified as 
such a collagen though this claim is based on a poorly 
oriented high angle X-ray diffraction pattern obtained 
from skate egg capsules! and on the colorimetric detection 
of hydroxyproline in hydrolysates of the same material’. 
Partial amino acid analysis of this material Indicated a 
composition markedly different from pure collagens. To date 
there has been no report of fibrous periodicity in selachian 
egg capsules. 

Here, we provide evidence that the inner layers of the 
egg capsule wall of the selachian, Scyliorhinus caniculus are 


built up from fibrils which contain a collagen-like protein, | 


probably in association with other protein(s). The unique 
and highly ordered structure of these fibrils is described. 
Fresh egg capsules were obtained from the Scottish 
Marine Bio!ogical Association Laboratories. Electron micro- 
scopical examination of ultrathin sections of the egg capsule 
wall fixed in glutaraldehyde and osmium tetroxide and 
embedded in Epon showed that the inner layers of the 
capsule wall consist of laminae (approximately 0.4 m thick) 
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Fig. la, Axial banding pattern. Positively stained ultrathin 
sections. b, Negatively stained dispersed fibrils, 
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Fig. 2 Transverse section showing the intrafibrllar lattice 
(stained with uranyl acetate and lead citrate (X 335.000). 
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which seem tu be built up entirely from closely packed fibrils. 
In a single lamina, the long axes of the fibrils are parallel. 
Laminae appear stacked upon each other to give a cross ply 
construction such that there is an angle of approximately 
45° between the long axes of the fibrils in adjacent laminae. 
The outermost layer of the capsule shows a different con- 
struction and is less transparent and more pigmented than 
the inner layers. In ultrathin sections it seems to consist of 
closely-packed elliptical granules (0.2-0.5 um in diameter). 
Small quantities of fibrils similar to those of the inner layers 
are found in the interstices between the granules. Amino 
acid analyses of the outermost and the inner layers (Table 1) 
were obtained using a Locarte analyser. The outermost layer 
differed from the inner layers and showed a high tyrosine 
content (18 residues /100 residues). 

The inner layers showed an amino acid composition 
clearly different from pure mammalian collagen (Table 1). 
Hot trichloracetic acid’, however, extracted protein with a 
composition showing a resemblance to pure mammalian 
collagen and an even closer resemblance to the ‘secreted’ 
collagen of the byssus threads of Mytilis edulis (Table 1). 

A moderately well oriented high angle X-ray diffraction 
pattern was obtained after slowly stretching the marginal 
band of the capsule to an extension of 50-70%. This pattern 
had the following features in common with collagen’: a 
strong meridional arc at 2.9 A, and a weaker one at 4A. A 
broad diffuse equatorial arc at 4.5 A, a faint diffuse equa- 
torial spot at 6 A and a strong one at 12 A which on wetting 
became a Streak with a maximum intensity at about 15 A. 
Strips of the inner layers showed a sharp thermal transition 
(mean half shortening temperature 78° C). shrinking by 
about 30-40% of their resting length. 

Taken together, this evidence indicates that the fibrils 
which comprise the inner layer of the capsule contain a 
protein with the configuration of a collagen together with 
other protein(s) not in this configuration, In this respect the 
fibrils appear to resemble those of elastoidin®. 

Fibrils of the inner layers of the capsule seen in ultrathin 
sections stained with uranyl acetate and lead citrate have a 
mean diamefer of 1,300 A and show an axial, centrosym- 
metrical banding pattern with a mean repeat period of 370 A 
(Fig. 1a). This banding pattern is built up from alternating 
narrow bands (A; 70 A wide) and broad bands (B; 120 A 
wide), both of low’ density, separated by bands (C: 90 A 
wide) of high density. The C bands can be resolved into two 
dense sub-bands. Fibrils dispersed from the inner layers by 

* homogenisation afd sonication show, on negative staining 
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Table 1 Amino acid composition m residues per 100 amino acid residues. Corrected for hydrolytic losses. 


Inner layer Outer layer 
cysteic acid 1.2 1.2 
OH Pro 0.9 0.4 
Asp 11.0 13.3 
Thr 5.6 3.6 
Ser 6.2 7.0 
Glu 6.7 7.0 
. Pro 71.9 TA 
Gly 16.0 16.5 
Ala 6.5 3.6 
Val 2 21 
Met trace 0.6 
lieu 3.3 15 
Leu 3.5 t5 
Tyr 8.0 18.1 
Phe 3.2 Za 
His 3.1 5.5 
OH Lys — — 
Lys 7.1 4.7 
Arg 4.5 2.9 


J 


* ‘Secreted’ collagen of the byssus threads of Mytilus edulis ( 
+ Extracted as gelatin‘. 


with PTA or ammonium molybdate at pH 6.4, a banding 
pattern closely similar to that seen in positively stained 
ultrathin sections but in reversed contrast (Fig. 1b). 

Two observations indicate that the transverse arrangement 
of molecules within the B bands is highly ordered. First, 
where the fibrils are sectioned transversely, a highly ordered 
array of dense dots is seen (Fig. 2). These lie in a nearly 
square, rhombic lattice (lattice angle 93.5°; mean length of 
equilaterals 80 A). Second, in longitudinal sections where 
a fibril is appropriately orientated about its long axis, a pat- 
tern of evenly spaced longitudinal filamentous densities is 
seen traversing the B band (Fig. la). These show spacings 
of either approximately 80 A or approximately 60 A and 
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Fig. 3 Diagram illustrating the proposed longitudinal 

arrangement of molecules in the fibrils. Negative stain is 

thought to penetrate the gaps between the head ends and the 

tail ends. Arrowheads and bars indicate only the opposite 

ends of the molecule and do not imply which is the amino 
end. 


may correspond respectively to images of the rhombic lattice 
viewed in the plane of the equilaterals or in the plane of 
the diagonals. 

Although we have been unable to devise a model to 
account for all the features in our micrographs, the centro- 
symmetrical nature of the axial banding pattern and the 
alternation of narrow and broad bands into which negative 
stain can penetrate indicate that fibrous molecules are 
arranged longitudinally in a head-to-head, tail-to-tail fashion 
with gaps between the head ends of different size to the gaps 
between the tail ends (Fig. 3). : 

Although we have, so far, been unable to determine the 
molecular length of the collagen in this systém, if it were 
close to that of a mammalian collagen (2,990 A, ref. 7), the 
molecules would need to be staggered by about 4 of the 
molecular length to produce the repeat of 370 A (Fig. 3). 
Eight collagen molecules staggered in this way and packed 
together transversely in some form of ‘nearly Square array’ 


TCA extract TCA extract Bovine skin 
of inner of byssus collagent 
layer trace threads* 
4.4 Ta 9.2 
6.6 6.7 4.8 
4.6 3.4 1.7 
4.8 4.2 3.8 
6.5 8.9 ha 
9.9 8.3 12.9 
30.0 33.7 33.4 
8.0 8.4 10.5 
3.2 3.3 1.9 
VY 0.2 0.7 
1.8 1.7 LJ 
2.1 L2 2.5 
2.4 0.8 0.5 
1.3 1.0 1.3 
1.5 1.1 0.5 
0.1 0.2 0.7 
3.5 7.1 2.5 
6.6 4,5 4.8 


. P. K:, and S. O. Anderson, unpublished). 


could account for the axial periodicity and could provide the 
building unit for the nearly square lattice seen in transverse 
ections of the fibrils. t 
The collagen-containing fibrils of the inner layers of the 
dogfish egg capsule show a unique fine structure indicating 
a highly ordered longitudinal and transverse arrangement of 
molecules. Our demonstration by electron microscopy of a 
nearly square unit cell (sides 80 A) in transverse sections of 
these fibrils is particularly interesting in the light of the 
evidence from low angle X-ray diffraction for a similar lattice 
(sides 77 A) (ref. 8) in the collagen fibrils of rat tail tendon. 
We thank the Science Research Council for support and 
K. Oates and A. Watson for assistance. 
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Release of cyclic AMP from rat superior 
cervical ganglia after stimulation 
of synthesis in vitro 


Tue formation of adenosine 3’,5’-monophosphate (cyclic 
AMP) from adenosine 5’-triphosphate (ATP) in central nervous 
tissues seems to be controlled by catecholaminergic and 
histaminergic mechanisms!. Also in a peripheral autonomic 
ganglion, the intact superior cervical ganglion (SCG), accumu- 
lation of cyclic AMP was observed in response to electric 
stimulation? and to B-adrenergic agents*, and histamine*?>. 

Cyclic AMP is excreted in large amounts in the urine®, and 
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Table 1 Accumulation of cyclic AMP in SCG and release of cyclic AMP to the medium during incubation in the presence of adrenaline; 
acetycholine; adrenaline after preincubation with practolol; or adrenaline and acetycholine together 


N Control N Adrenaline N Acetylcholine N Adrenaline N Adrenaline 
10M 10M plus plus i 
for 15 min for 15 min practolol acetylcholine 
Cyclic AMP in gangha 3 4.2 + 0.2 3 24.9 + 0.05* 3 4.8 + 0.02 3 52+ 0.8 3 24.9 + 1,2* 
(pmol + SD per ganglion) 
Cyclic AMP in medium 3 0.6 + 0.1 3 12+ 0.27 3 0.5 + 0.06 3 06+ 0.1 3 12 + O.1F 


(pmol + SD per ganglion) 


*P < 0.01 Student’s ¢-test. tP < 0.05 Student’s f-test. 


marked changes in the excretion rate correlate with mood 
changes in manic depressed patients and with response to 
central active drugs’. It has therefore been suspected and 
is supported by indirect evidence® that the central nervous 
system may be one important source of cyclic AMP in body 
fluids. 

We have reported experimental data showing a relationship 
between the rate of accumulation of cyclic AMP in the 
cerebrospinal fluid and the amount of catecholamine synthesis 
in the brain’. These findings prompted us to study more 
directly the release of cyclic AMP from nervous tissues when 
the synthesis of the nucleotide was stimulated by biogenic 
amines in vitro, 

Male Sprague Dawley rats, weighing 200 to 300 g, were 
killed by cervical dislocation. The superior cervical ganglia 
(SCG) were rapidly removed, desheathed, and kept on ice until 
used for incubations. The ganglia were incubated in groups of 
two to four in 1 ml of Krebs-Henseleit solution pH 7.4 con- 
taining 200 mg ml" of ascorbic acid at 37° C under an atmos- 
phere of 95% O}; and 5% CO, with or without the drugs 
added. Blocking agents were tested by a preincubation period 
of 20 min. At the end of the experiments the ganglia were 
homogenised and chromatographed on anion exchange 
columns as described’. Total cyclic AMP was measured in 
column eluates of ganglia and in incubation media according 
to Gilman”. The formation of **C-cyclic AMP was measured 
after preincubation of the ganglia with “C-adenine for 1 h as 
described for brain slices!*. Labelled cyclic AMP was deter- 
mined by thin layer chromatography on silica-gel sheets?®. 
Cyclic AMP phosphodiesterase activity was determined at 
micromolar substrate concentration according to Thompson 
and Appleman”, lactate dehydrogenase activity by the method 
of Wroblewski and LaDue™, and protein by the method of 
Lowry et al.*®, 

The levels of cyclic AMP in freshly dissected SCG of rats 
ranged from 1.9 to 4.2 pmol per ganglion, corresponding to 
1.6 to 2.3 pmol per mg fresh tissue. If SCG were incubated 
for 5-10 min in the absence of drugs, only small amounts of 
cyclic AMP were detectable in the medium (Fig. 1). Adrenaline 
(10 M), noradrenaline (10-3, M), isoprenaline (10-5 M), and 
histamine (107° M) rapidly increased the levels of cylic AMP in 
SCG tissùe in a dose-related manner. The time course of the 
accumulation of cyclic AMP on incubation with adrenaline 
is shown in Fig. 1. 

Elevated cyclic AMP concentrations were observed in-the 
medium after 3 min incubation of the ganglia with adrenaline 
(10-74 M) or histamine (10°? M). The rise of the cyclic AMP 
concentration seemed to continue after the peak accumulation 
was reached in the ganglia but the medium levels decreased 


Cyclic AMP in tissue (pmo! per ganglion) 


Cyclic AMP in medium (pmol per ganglion) 





0 10 20 30 


Incubation time (min) 


Fig. 1 Time course of the accumulation of cyclic AMP in 
superior cervical ganglia and in the incubation medium during 
incubation with L-adrenaline (10% M). Cyclic AMP was 
determined according to Gilman™. @, Cyclic AMP content of 
ganglia; O, cyclic AMP appearing in the medium; - - - , time 
course in control incubations without the amine. Each point 
represents the mean of four experiments. Vertical bars show 
double standard errors of the mean. 


again after 12 to 15 min of stimulation (Fig. 1). Acetylcholine 
(10-3 M) and carbamylcholine (102-107? M) did not alter the 
cyclic AMP concentration in the SCG and in the incubation 
medium. Moreover, acetylcholine did not influence the 
accumulation and release of cyclic AMP induced by adrenaline. 
Preincubation with propanolol or practolol, two B-adrenergic 
blocking agents, completely blocked the effects of adrenaline 
on cyclic AMP in SCG and the medium (Table 1). 

The assay for cyclic nucleotide phosphodiesterase activity 
in the incubation medium revealed the appearance of protein 





Table 2 Medium content of total protein, cyclic nucleotide phosphodiesterase activity and lactate dehydrogenase activity after incubation of 
superior cervical ganglia for various times 


Cyclic nucleotide phosphodiesterase 
(pmol cyclic AMP hydyolysed per mg 


Treatment Protein 
(ug per ganglion) , 
Control (10 min) 11.5 Š 
Histamine 10°? M (10 min) 
Control (40 min) 9.6 


Histamine 10°? M (40 min) 


Lactate dehydrogenase 
j (mU per ml per mg protein per min) 
protein per min) 


13.5 74 
6.7 5,3 
12.0 24.3 
2 4.8 * ¢ 18.7 
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and enzyme activity in the absence of stimulating drugs: (Table 
2). While the activity of lactate dehydrogenase which serves 
as a cytoplasmic marker enzyme increased in the medium 
during incubation with three- to four-fold increases from 
10-60 min, bulk release of protein as well of phosphodiesterase 
activity occurred mainly during the initial period of incubation 
with in general no further increases in concentration and specific 
activity after 10 min of incubation. When ganglia were in- 
cubated with adrenaline or histamine the phosphodiesterase 
activity was not increased in the medium but slightly decreased 
while the total release of proteins from the ganglia into the 
medium was unchanged. This behaviour may indicate that 
cyclic nucleotide phosphodiesterase in an activated state is 
less prone to loss from intracellular compartments than in 
an inactive form. 

After preincubation of SCG with “C-adenine for 60 min, 
less than 1 % of the total radioactivity was found to correspond 
to 4C-cyclic AMP. Of the total “C-cyclic AMP formed 
35-45% appeared in the medium if measured after 15 min 
incubation in the absence of drugs. The addition of adrenaline 
or histamine strongly stimulated the rate of conversion to 
4C-cyclic AMP. Of the total radioactivity 6 and 5% was 
associated with cyclic AMP after incubation with adrenaline 
(107 M) and histamine (10°? M) respectively for 15 min. The 
ratio of labelled cyclic AMP in the medium to “C-cyclic AMP 
in the ganglia remained essentially unchanged after stimula- 
tion as compared to the resting condition. This behaviour 
indicates that the preincubation with *C-adenine rather selec- 
tively labels a separate ATP precursor pool for cyclic AMP, 
as was observed earlier!?!” and, in addition, suggests a mem- 
brane associated localisation of the precursor pool leading to 
preferential release of labelled product after the stimulation 
of adenylate cyclase by biogenic amines. 

Our experiments have shown that from a peripheral sympa- 
thetic ganglion of the rat cyclic AMP is released following the 
stimulation of its intracellular formation by biogenic amines 
such as adrenaline and histamine in vitro. Acetylcholine neither 
affects the rate of synthesis nor the release of cyclic AMP. 
Whether under physiological conditions the release or overflow 
of cyclic AMP after stimulation by neurohormones serves to 
remove, and thus inactivate, excessive cyclic AMP unbound 
to protein kinases, or whether released cyclic AMP has some 
function of its own, is at present unclear. Evidence in favour 
of a release of cyclic AMP from central nervous tissues in vivo 
has also been obtained in humans’. 

This work was supported by a grant from the Deutsche 
Forschungsgemeinschaft. 
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Origins of metal ions in biology 


A FERREDOXIN may have been one of the earliest proteins 
formed. The evidence for this assumption was recently pre- 
sented by Hall et al? based on the primary structures of 
several ferredoxins. Here, further evidence is reported for 
the early evolution of ferredoxins, and the origins of ferre- 
doxins and other metalloproteins are discussed from an in- 
organic point of view based on thermodynamic data. 

The atmosphere predominating during the time of chemical 
evolution and early life is generally assumed to have been a 
reducing one, characterised by a moderate pressure of methane 
(0.01-0.001 atm) and a very low oxygen pressure”. At such 
a reducing condition, thermodynamic data for the system, 
air-sea—sediment®, indicate that at equilibrium the redox 
potentials in the seas were as low as —325 mV (pë =—5.5): 
inorganic sulphur would be in the form of the iron sulphide, 
FeS,(s) (pyrite), and perhaps partly as Fe,.,,5(s) (pyrrhotite); 
the major excess of iron would be in the form of Fe,0,(s) 
and a minor amount dissolved in the form of Fe?+ (<0.2 mM). 

Crystals of FeS,(s) and Fey.,,5(s) are well-known semiconduc- 
tors having the capacity to transfer electrons. This leads 
to the following hypothesis: inorganic electron carriers in 
the form of FeS,(s) and Fey.,,S5(s) were present prebiotically 
in the area where the first proteins evolved. When polypep- 
tides containing cysteine residues formed, they reacted spon- 
taneously with these iron sulphides forming bonds similar 
to those present in ferredoxins (compare refs 4-6). Also, 
iron in the form of Fe*+ would react forming iron proteins 
similar to rubredoxin®. Thus, very early, at least two different 
kinds of iron-sulphur proteins most likely formed, and these 
proteins probably developed independently into two different 
classes of electron carriers. It should be noted that during 
these reducing conditions low-valent molybden could enter 
solid solutions of iron sulphide (molybdenite, MoS,(s), would 
be the prevailing molybden compound), and the sulphur-rich 
Mo-Fe proteins’ might have evolved from such solid solutions 
(compare ref. 8). 

The great abundance of iron in sea sediment supports the 
idea that the formation of iron-sulphur proteins was spon- 
taneous and very common in early life processes. Also, the 
relative high concentration of dissolved iron (0.2 mM) would 
facilitate reactions with porphyrins, and thus the formation 
of haem proteins. Likewise, the Mn(II) concentration was 
much higher in the primordial seas®, perhaps as high as 50 mM. 
This may explain why manganese seems to be one of the 
most important elements in early redox processes; for instance, 
in the photosynthesis of the primitive blue-green algae’, and 
in the reactions of an early superoxy dismutase, apparently 
a manganese enzyme rather than a copper enzyme™. 

During the early reducing conditions, copper ions were 
most likely trapped into extremely insoluble Cu(1) sulphides; 
they could not be released into aqueous and biological phases 
until the air-sea-sediment system became more oxidised by 
evolving oxygen. Then copper proteins developed, such as 
plastocyanin and cytochrome oxidase, which were required 
for further biological evolution. It can be estimated, using 
Sillén’s data*4, that Cu(Il) complexes of thiols and amines 
could f8rm at redox potentials of about +90 and +-230 mY, 
and free Cu®* at about +-250 mV. Thus, thermodynamic 
data strongly support an evolution of metalloproteins, begin- 
ning with iron and manganese proteins and continuing with 
copper proteins. 
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When oxygen successively oxidised the air-sea—sediment 
quite insoluble phases of iron and manganese formed’, 
FeOOH(s) and MnO,({s). And at present, the concentrations 
of dissolved iron and manganese in sea watert? are less than 
107 M. Therefore, although copper was released by oxida- 
tion, iron and manganese became immobilised. 

Also of particular evolutionary interest is the successive 
biological importance of weakly interacting metal ions; Mg?t 
and Ca*+, for instance. Magnesium ions are important in 
reactions simulating prebiotic condensations!® and in early 
and fundamental cell reactions, such as protein biosynthesis, 
anaerobic energy production, and photosynthesis; calcium 
ions are of specific importance in processes characterising 
later and higher forms of life, such as nerve transmission, 
hormone secretion, and muscle contraction. One explanation 
for the early role of Mg** may be ascribed to its abundance; 
its high concentration in the oceans (54 mM) may have been 
even higher during the early reducing conditions, since on 
the primitive Earth NH+,, Fe?+, and Mn?®+ would partly 
replace Mg"+ in the silicate phases’. 
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Artificial induction of the 
sexual cycle of Neurospora crassa 


CHEMICAL regulation of sexual development in fungi was 
suggested in the 1880s by Sachs and de Bary (see ref. 1). 
Burgeff? later demonstrated that the so-called + and — 
strains of Mucor mucedo if separated by a _ colloidion 
membrane, produzed zygophores that grew toward each 
other. The presence of diffusible substances which func- 
tion in the sexual cycle has since been demonstrated in, 
for example, Achlya’, Allomyces, Ascobolus"-*, 
Mucor", Saccharomyces, and Neurospora". Varied 
functions have been attributed to these extracts. In some 
well studied systems, such as Achlya and Mucor, chemical 
substances have been reported at almost all stages of sexual 
development, each serving to initiate the next stage*!’. 
But in spite of all this work relatively little ise known 
about the chemical basis of the incompatibility of hetero- 
thallic fungi. Burgeff’s work with Mucor, was confirmed 
in both M. mucedo and Blakeslea trispora™. In N. crassa, 
protoperithecia have been induced to develop into fruiting 
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bodies, albeit sterile, by filtrates from cultures of the 
opposite mating type or from mated cultures. Similar 
results have been obtained with lipid extracts from single 
and mated cultures of N. crassa”, and from the resulting 
fruiting bodies a few ascospores were isolated which 
segregated in an aberrant manner with respect to the 
mating-type alleles. Unfortunately no tests for other 
genetic markers were reported. 





Table 1 Effect of mycelial extracts from mated cultures on plates of 
pan | and leu 3 assessed by the presence of mature perithecia with 
spores, 

Duration of mating before lysate extraction (h) 
Strain tested O 1 6 12 24 48 96 168 240 336 
panlA SS eee ae ae a e a 
pania - — = + + + + + = + 
leu3A ma ha eG ne a — = 
leu3a See er A es Ea es a ee 





—, No perithecia developed. 
-+-, Perithecia developed. 


These and similar reports gave rise to the suggestion 
that physical contact between compatible mating partners 
is not essential. Some diffusible substance, termed pro- 
gamone by Plempel”, induces the sexual cycle in a single 
strain. If the incompatibility block could thus be totally 
relieved, then artificial induction of a single strain should 
be followed by the orderly progression of sexual develop- 
ment. The conclusive demonstration of this induction would 
be the isolation.of resulting ascospores which carry genetic 
markers from the single parent. This has never been 
reported, perhaps because the true incompatibility sub- 
stances have not yet been isolated, or because artificial 
induction by these substances is followed by aberrant 
events in the ascogonium leading to strange segregation 
ratios, as Islam and Weijer” suggested. 

It is significant that previous efforts to overcome incom- 
patibility have relied largely on lipid extracts. Their 
incomplete success in inducing sexual development might 
indicate that incompatibility substances, if they exist, are 
not lipid in nature. Recent suggestions have been that some 
sex substances are proteinaceous", We report here the 
effect of crude protein extracts on single mating cultures 
of N. crassa. They provide the first conclusive evidence of 
artificial indication of sexual development in a fungus. 


Table 2 Average number of mature perithecia in leu3 plates treated 
with mycelial extracts. 


Duration of mating before lysate extraction (h) 


O 1 6 12 24 48 96 168 240 336 
No. of 
perithecia 0 O 01,810 3,760 5,840 3,010 2,089 0 0 
per plate 


Figures represent the composites of five plates each. 


Emerson strains, obtained from the Fungal Genetics 
Stock Center, Humbolt, California, provided the extracts. 
Single cultures were grown for 7 d in large flasks of 
standard crossing medium™, fertilised with conidia of the 
opposite mating type and extracted at intervals ranging 
from 1 to 336 h later (Table 1). Extraction procedures were 
conducted at 4° C or less. Mycelial mats were homo- 
genised in a Virtis blender with 0.15 M phosphate buffer 
followed by filtration through cheese cloth, to remove 
mycelial fragments, and subsequent centrifugation of the 
filtrate for $0 min at 25,0000g. The supernatant was 
dialysed against 0.05 M phosphate buffer, concentrated by 
pervaporatiog and filter sterilised. All extracts were tested 
to ensure the absence of viable material. Extracts were 
assayed by adding them to plates of single strain cultures 
of leu3 (allele R—156) and panl (allele 5531) and sub- 
sequent 14 d incubation at 25° C. Plates were then inspected 
for the presence of thature perithecia with spores. 
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Fig. 1 Effect of mycelial extracts on unmated cultures of pani 

(left hand side) and leu3a (right hand side). a, Controls (buffer 

only added); b, with extract from 12 h culture of Em A x 

Em a; c, with extract from 96 h culture of Em A x Em a; 
d, with extract from 168 h culture of Em A x Em a. 


The effect of the various mycelial extracts on single cul- 
tures of each of the mating types of leu3 and pani are 
shown in Tables 1 and 2 and illustrated in Fig. 1. Tetrads 
were isolated from mature perithecia obtained from eleven 
different plates (Tables 3 and 4). 

The data in Table 1 indicate that the crude extract 
contains a sex factor capable of inducing the sexual cycle 





Table 3 Tetrad analysis of asci isolated from perithecia present in 
unmated cultures of leu3a treated with mycelial extracts 





No. of asci No. of asci Segregation Segregation 
with eight with four patterns of patterns of 
germinated germinated mating-type leu marker* 





Plate No. spores spores marker*(a-A) (leuA-leuA) 

8:0 4:4 4:0 8:0 4:4 4:0 
201 6 0 6 0 0 6 0 0 
202 4 0 4 070 4 Q =O 
401 3 0 3 09 3 0 Ọ 
402 3 0 4 0 0 4 0 0 
406 4 0 4 0 0 4 0 0 
203 0 11 0 0 1 0 0O Íi 
401 10 0 0 10 0 0 10 0 

e ° e 


*No. of asci in each class. , 
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in a single mating culture of the heterothallic fungus. This 
substance is present in the mycelial extract of a mated 
culture; it appears first 12 h after mating and is no longer 
recoverable 240 h after mating. Preliminary investigations 
based on lack of activity in medium extracts, suggested 
that it is not a diffusible substance. 

We have demonstrated further that after artificial induc- 
tion sexual development proceeds normally, culminating 
in the production of mature ascospores which carry genetic 
markers from the single parent only (Tables 3 and 4). This 
is conclusive evidence of artificial induction. The isolation 
and purification of the active ingredient should ultimately 
provide the necessary clue to the chemical mechanism of 
incompatibility. The perithecia produced appear to be mor- 
phologically normal but some contain relatively few asci. 
The incidence of aborted spores (asci with four or eight 
aborted spores) does not seem to be significantly greater 
than in normal crosses. Some perithecia contained asci 
which showed a 4:4 segregation of genetic markers (Table 
3). These may have been due to accidental fertilisation by 
contaminant wild type spores. 





Table 4 Tetrad analysis of asci isolated from perithecia present in 
unmated cultures of panlA treated with mycelial extracts 


No. of asci No. of asci Segregation Segregation 


with eight with four patterns of patterns of 
germinated germinated mating-type leu marker* 
Plate No. spores spores marker* (A:a)(pan™~:pant ) 
8:0 4:4 4:0 8:0 4:4 4:0 
416 4 0 4 0 0 4 0 90 
417 3 0 3 0 0 3 0 90 
418 6 0 6 0 0 6 Q 9 
419 4 0 4 0 0 4 0 9Q 
427 2 0 2 0 0 2 0 90 


*No. of asci in each class. 


The sex inducer, termed erogen B in line with previous 
terminological suggestions”, has not yet been characterised 
chemically. Preliminary tests based on its inactivation by 
heat and protease but not by nucleases indicate that it is a 
protein. It is interesting that the extracts from single mating 
cultures (unfertilised) are inactive in terms of their ability 
to induce the sexual cycle in strains of the opposite mating 
type. Thus, erogen B seems to be produced only when 
both mating types are present in the same culture. Similar 
results are reported in B. trispora and M. mucedo where 
trisporic acid synthesis is initiated only when living mycelia 
of both mating types are placed in the same culture and 
stops immediately if one of the partners is removed*. One 
might predict, from the simplest interpretation of a com- 
plementary stimulant model of the chemical mechanism of 
incompatibility, that the active ingredient, erogen B, from 
one mating type should successfully induce the opposite 
mating type. We suggest that the incompatibility mechanism 
is more complex and that another sex factor, erogen A, is 
involved. Further details of this work are bing published 
elsewhere. 

: NoRMAN V. VIGFUSSON 
Raut J. Cano* 
Department of Biology, 

Eastern Washington State College, 
Cheney, Washington 99004 


*Present address: Department of Microbiology, University of 
Montana, Missoula, Montana 59801. 
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Bacteria can swim 
without rotating flagellar filaments 


THERE are two simple ways in which the observed screw-like 
propulsive motion of bacterial flagella can be understood. 
Either, first, the flagellum is like a rigid corkscrew rotating 
in a sort of journal bearing in the cell wall (hypothesis A) 
or, second, the flagellum is firmly attached to the cell wall 
and moves by the propagation of helical waves (hypothesis 
B). 

Berg and Anderson’ argue in favour of hypothesis A. 
Their most positive argument involves the idea that in multi- 
flagellated bacteria a bivalent antibody firmly attaching 
itself to two neighbouring flagella would prevent motion 
according to hypothesis A but not on hypothesis B. Thus, 
they interpret the observations of Di Pierro and Doetsch® 
on the effect of univalent and bivalent flagellar antibodies on 
both peritrichous and uniflagellar bacteria as support for the 
‘rotating corkscrew’ picture of flagellar motion. 

Unfortunately, they have left out of their analysis a simple 
geometrical factor, which altogether removes from their 
argument the power to discriminate between the two 
hypotheses. 

Figure | (based on Fig. 1 Berg and Anderson!) shows two 
cross-sectional views (Fig. la and b) along the helical axes 
of two neighbouring filaments at two successive instants of 
time according to hypotheses A and B respectively. In Fig. 
la the cross sections rotate, whereas in Fig. 1b they do not. 
The difference in pattern of relative motion of the spots 
marked on the surfaces of adjacent filaments is plain. 

But now consider Fig. la’ and b’, which show projected 
‘elevations’ of the situations depicted in Fig. la and b. 
Again the spots are shown but on short segments of the 
neighbouring filaments in this view. Notice the” relative 
motion of the spots in Fig. 14’ along the local filargent axis, 
which is not apparent in the view in Fig. 1b alone. A bivalent 
antibody attached to the two spots in Fig. 1b and b could 
therefore inhibit motion just as strongly as it could in Fig. 
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Fig. 1 A schematic view of two adjacent filaments rotating 

individually (a and a’) or propagating helical waves (b and b’) 

at two successive intervals of time, a and b Are sectional 

views in a plane normal to the helical axes (+). a and b 

Are elevations of segments of the filaments, projected from 
a and b in the plane of the helical axes. 


la and a’. The relative motion of the spots on hypothesis B 
is an oscillatory lengthwise rubbing, and we can estimate 
its amplitude easily by taking the helix angle in Fig. 1b’ as 
about 20° and the diameter of the filaments as about 200A, 
after Asakura’. Then the extreme displacement of one spot 
to another is +70 A, that is a total throw of 140 A or about 
three times the diameter of a flagellin subunit. 

Hence, the fact that bivalent flagellar antibodies ‘lock’ 
adjacent filaments can only be taken to rule out hypothesis 
B if the antibodies are flexible, and indeed much more 

exible than seems likely from what is known about their 
size and construction. 

Now antibodies have a Y-shaped form, with two arms 
which attach to the host at the tips'. From an X-ray crystal- 
lographic investigation of the Fab’ fragment of an antibody 
Padlan et al.* have determined its overall length to be 80 A. 
Thus the length of an arm can be assumed to be about 70 A. 
It seems likely that the tips are attached to the host with 
strong restrictions on the angle of attachment, and so it is 
difficuit to see how such a molecule could stay attached to 
two points on adjacent flagella executing the large relative 
motion I have described without having extremely flexible 
arms. 

The arguments of Berg and Anderson therefore do not 
prove that hypothesis B is wrong. Indeed, I believe hypo- 
thesis B to be correct because the propagation of helical 
waves in a filament requires only small relative movements 
between adjacent flagellin subunits, whereas a rigid-body 
motion of the entire filament would require a very specially 
constructed bearing. Moreover, as Klug® has pointed out, the 
problem of propagating a helical wave in a filament is largely 
subsumed in the problem of assembling a helical filament 
from identical flagellin subunits, which would still be an 
outstanding problem on hypothesis A. 

I thank Dr A. Klug for help. 
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University of Cambridge, 
Trumpington Street, 
Cambridge CB2 IPZ, UK 
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Toxicity of piperonyl 
butoxide to Boophilus microplus 


SYNERGISM studies with the cattle tick Boophilus microplus 
have been effected by enclosing larvae in packets impregnated 
with olive oil solutions of the test chemicals and recording 
mortality after 48 h}?. In these conditions larvae exposed 
continuously to 0.4% piperonyl butoxide were apparently 
unaffected. Subsequently, in studies to determine the sensitivi- 
ties of the mixed function oxidase systems in organophos- 
phorus (and carbamate) resistant and susceptible strains of 
B. microplus, larvae were immersed in aqueous colloids? of 
piperonyl butoxide. Concentrations greater than 0.02% proved 
to be toxic and an LC,, of 0.044% at 24 h after treatment was 
determined. This unexpected result aroused interest in the 
acaricidal potential of piperonyl butoxide. Although it is 
generally regarded as a nontoxic synergist*, some workers 
have claimed it is toxic to houseflies at fairly high dosage® but 
others found it to be nontoxic*; toxicity to the mite Acarus 
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been shown to inhibit the degradation of carbaryl in laboratory 
tests on larvae (C. A. S., unpublished data), this type of pro- 
tective action doubtless contributed to the effectiveness of 
the spray mixtures. The lethal effect of piperonyl butoxide 
itself may also have contributed to the enhanced toxicity of 
the mixtures and it is not certain, therefore, whether piperony] 
butoxide acts with carbaryl predominantly as a synergist or 
mainly as a toxicant participating in some type of joint action. 

It seems likely that the toxic action of piperonyl butoxide 
resulted from inhibition of a mixed function or closely related 
oxidase, the recognised type of target of piperonyl butoxide?>. 
This indicates that the cattle tick is vitally dependent on some 
part of this system. In support of this we have preliminary 
evidence that another methylenedioxyphenyl compound sulf- 
oxide, which inhibits cattle tick mixed function oxidase, is 
also toxic, 

The immediate significance of these findings is that an 
acaricide which had failed against a resistant strain has been 
restored to full effectiveness in the field by the addition of a 





Table 1 Field control of the Biarra strain of cattle tick with sprays containing piperonyl butoxide or carbaryl or mixtures of the two chemicals 


Spray Composition (%) Cattle 
Carbaryl Piperonyl per 

butoxide treatment 1 2 5 
~~ 0.03 4 99 64 92 
~ 0.3 4 53 28 3 
~ 3.0 4 95 ai 0. 
0.3 ~ 2 39 ll 3 
0.3 0.03 2 35 77 se: 8 
0.3 0.3 P l 0 0 
0.3 3.0 2 3 0 0 


*Calculated as follows: 


Survival index* on daysf after treatment 
Mean 1-21 


T 9 12 14 16 19. 21 days 
132 52 105 86 42 36 38 75 
16 33 40 33 14 4 i 23 
0.7 I 5 4 i 0.4 0.4 14 

39 92 16 19 l 9 40 28t 
4 35 6] 41 24 5 l 23 
0.7 5 0.7 0.4 0.8 0.8 ] 1 
0.7 4 0.3 0 0 0 0 l 


(Tick count on treated animals/Tick count on control animals) x 


(Pretreatment count on control animals/Pretreatment count on treated animals) x 100. 
On control cattle daily totals of more than 200 semiengorged females were recorded before and after treatment. 
+Stages of tick at treatment were: adult females, day 1-8; nymphs, day 9-15; larvae, day 16-21. 
tin similar conditions less than 1% of the acaricide-susceptible Yeerongpilly ticks survived (W. J. R. unpublished data). 


siro (formerly Tyroglyphus farinae) has been recorded’. 

We decided that testing of the material alone and mixed 
with carbaryl, against parasitic stages of the tick in the field, 
was warranted. The mixture was tested because of the well 
known synergism of carbaryl and other carbamate insecticides 
by piperonyl butoxide against resistant houseflies. This syner- 
gistic action is believed to be due to piperony! butoxide reducing 
the abnormally rapid rates of oxidative degradation of the 
carbamates by resistant flies®. The ticks used in our tests, 
however, were of the Biarra strain’®, and are resistant to 
carbaryl because of low sensitivity of their acetylcholinesterase 
to inhibition by carbaryl, while their detoxication systems are 
normal}, l 

Cattle naturally infested with all stages of Biarra ticks 
were sprayed with aqueous emulsions of piperonyl butoxide 
formulated with one third its volume of Triton X-100. (B. 
microplus is a one-host tick with a cycle of approximately 21 d, 
and infested cattle normally carry mixed populations of larvae, 
nymphs and adults.) Cattle were also sprayed with a com- 
mercial wettable powder formulation of carbaryl at 0.3 % active 
ingredient, and with mixtures of carbaryl and the piperonyl 
butoxide formulation. Counts of semiengorged females 4.5 mm 
to 8 mm in length were made at intervals up to 21 d after 
treatment and a survival index was calculated from counts of 
ticks on untreated control animals!*. The results in Table 1 
show that piperonyl butoxide is lethal to all stages of the tick 
when used at relatively high concentrations. The acaricide 
carbaryl allowed 28% survival of resistant Biagra ticks com- 
pared with 1% survival expected with susceptible Yeerongpilly 
ticks (W. J. R., unpublished data). With the addition of 


piperonyl butoxide at concentrations 20.3%, however, less e 


than 1% of the resistant strain survived. 
As much lower concentyations of pfperonyl butoxide hawé 


compound which has no significant mammalian toxicity'. 
A more important aspect in the long term could be that from 
this.class of compound a practical acaricide could emerge. 
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alarm pheromones 


“pheromones are characteristic of many species of 
social. BS ceabptere and Isoptera. The suggestion that 
alarm pheromones occur in gregarious, nonsocial arthro- 
pods’ was confirmed by the report that the heteropteran 
Dysdercus intermedius Distant produces hex-2-en-l-al from 
its scent glands to repel members of its own species’. Aphids, 
other heteropterans which form aggregates on the plants on 
which they feed, also produce alarm pheromones. From 
specialised structures (cornicles) they secrete droplets* con- 
taining volatile pheromones that cause aggregates to dis- 
perse when attacked by predators‘ or parasites’. We now 
report alarm pheromones in three species of myrmecophilous 
treehoppers (Membracidae), two of which brood the egg 
mass (Fig. Ia) and all of which form feeding aggregates on 
their host plants (Fig. 1b). The release of these pheromones 
is unique in that specialised secretory structures are not 
involved. 

Aggregations of Vanduzeea arquata (Say) on Robinia 
pseudoacacia L., and Entylia bactriana (Germar), and 
Publilia concava (Say) on Ambrosia trifida were studied in 
the field and laboratory. Whole treehoppers were crushed on 
8-mm diameter filter paper disks which were held by fine 
forceps 1 cm from the centre of treehopper aggregations. A 
positive response was recorded when treehoppers moved at 
least 1 cm from their feeding sites on leaves within 1 min of 
presentation of the disk. In intra- and interspecific tests, at 
least five individuals were included in each trial and each 
combination was tested a minimum of five times. As a 
control, all test insects were exposed to untreated paper 
disks before testing with extracts. In field tests, responding 
individuals first raised their abdomens and expelled a droplet 
of honeydew from the anus before walking from their 
feeding sites, often moving to the opposite side of the leaf. 
Both nymphs and adults of all three species possessed 
repellent substances and each of the three species responded 
to compounds produced by the other two species (Table 1). 
Nymphs were more responsive to their conspecific phero- 
mone than adults. Nearly all responding treehoppers reacted 
to treated disks within 20 s of initial exposure. No tree- 
hoppers responded to the untreated paper disks. 

In further tests, filter paper disks treated with three to 
five drops of honeydew or haemolymph (collected by tibial 
excision) elicited no response from 63 treehoppers in eight 
aggregations. Only disks treated with a greenish milky fluid 
obtained by puncture of the body wall elicited a positive 
response from 42 of 63 test insects. We found no evidence 
of an external gland involved in the release of repellent 
substances. Treehoppers do not respond to cornicle droplets 
produced by several species of Aphidinae or to synthetic 
aphid alarm pheromone, frans—G-farnesene, nor do aphids 
respond to the repellent substances from treehoppers. 
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Fig. 1 Adult female Entylia bacteriana with her egg mass 
and recently hatched nymphs, (a). Aggregation of middle 
instar Publilia concava near egg mass (b). 

Tests designed to determine if coccinellid predators would 
elicit the alarm response in attacked treehopper aggregations 
proved frustrating. Both larval and adult beetles usually 
avoided treehoppers, even when predators were starved 24 h 
before testing. In only two instances did larval coccinellids 
attack early instar treehoppers. After puncture of the body 
wall by the predator's mouth parts, alarm reactions were 
noted among other treehoppers which then relocated on the 
opposite side of the leaf. 

Our results demonstrate that treehoppers produce alarm 
pheromone(s) which repel other members of the species. 
Treehoppers apparently cannot release the pheromone unless 
the body wall is punctured, such as by an attacking pre- 
dator. Release of alarm substances in this manner has been 
described before for sea urchins’ and certain species of 
schooling fishes*”. It is not certain whether these compounds 
are specially elaborated pheromones or chemicals which also 





Table 1 Interspecific and intraspecific response of treehoppers to alarm pheromones 
Source of pheromone* 
Vanduzee Entylia Publilia 

Species tested Adult Nymph Adult Nymph Adult Nymph 
Vanduzeea arquata 

Adult 62.6 53.0 N N N N 

Nymph 66.6 65.6 50.0 72.3 51.4 64.1 
Entylia bactriana 

Adult N N 39.0 *. Was N N 

Nymph 42.8 31.4 45.5 72.9t 27.8 51.5 
Publilia concava G 

Adult N N N . N 19.4 12.7 

Nymph 18.7 60.4 14.6 22.0 16.6 45.9t 


C 


* Percentage of individuals responding to pheromone from single treehoppers. From 35-110 individuals in five or more replicates were tested 


for each combination. 


t Significantly more nymphs than adults (P <0.05) responded to pheromone from the species.» e 


N, Not tested. 
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-= serve other functions in these organisms. This is the first 
report of an alarm pheromone in an insect which requires 
the rupture of the body wall for its release. 
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New germination inhibitor from Aegilops 
ovata L. 


Ir has been previously reported! that the dispersal units of 
Aegilops ovata L. contain a germination inhibitor. Leach- 
ates of the hulls inhibited the germination of Lactuca 
achenes. This inhibition was considerably stronger in light 
than in darkness, an unusual feature, since all germination 
inhibitors already described inhibit the germination of 
Lactuca achenes in darkness more than in light. We there- 
fore felt it essential to isolate and characterise this specific 
inhibitor present in Aegilops ovata. 

Preliminary investigations yielded a number of com- 
pounds namely vanillin, p-hydroxybenzaldehyde, ferulic, 
vanillic, p-hydroxybenzoic, p-coumaric and syringic acids. 
The inhibitory activity of these compounds did not, how- 
ever, account for the initial inhibition observed with the 
crude extract. Repeated careful chromatography ultimately 
produced a pure fraction which showed the expected physio- 
logical activity. The compound in this fraction, obtained in 
pure form, was assigned structure (I) on the basis of its 
NMR, infrared and mass spectra. Structure (1) does not 
belong to any of the known groups of lignans’, and is a 
monoepoxylignanolide (MEL), since the molecule has an 
epoxide as well as the five-membered ring lactone. 





Table 1 Effect of mono-epoxylignanolide (MEL) on the ger- 
mination of Lactuca sativa cv. “Great Lakes” achenes in light 
and in darkness at 25° C 








Amount of Light Percentage germination* 
MEL condition 24h AZh 72h 
per filter paper ‘ 

(mg) 
L OSES 1023.7 20+4.2 
D 915-7 - - 

0 L 95 “224 95.5421 - 9 

D 95 £0.6 95 +0.66 = 


L, In hght; D, in darkness *+ standard error (4e 50 seeds) 
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The NMR s mpound I shows the following 
signal pattern: 2,2⁄,5,5/,6, and 6’ H at 36.80 (m, 6H), 7 and 
7 H at 5.24 (d, 2XH, J=3.0 Hz, 8 H at 3.40 (dd, J=90 
and 3.0 Hz), 8 H at 3.18 (m), 9 H at 64.1 (dq Jay== 10.0 Hz 
Jas=6.0 Hz and Jix=4.0 Hz), CGB) and CG’) —OCH. 
groups at °3.78 (s, 6XH). The two phenolic -OH protons 





ER OCH 
3 


OH OH 


Compound | 


at C(4) and C(4’) are at 65.80 disappearing on exchange 
with D.0. The fragmentation pattern in the mass spectrum 
contributed to the elucidation of the structure. The loss 
of fragments m/e 84 and 85 from the molecular ion peak 
(M* 372) correspond to the five-membered ring lactone. 
In addition the fragments, m/e 151 and 137 (base peaks) 
arise from the loss of O = C.CsH«(OCH;) (OH) and 
H.C.CsH;(OCH;) (OH) respectively. The presence of a five- 
membered ring lactone in compound I was further sub- 
stantiated by its infrared spectrum, Vmax 1,770 cm™ charac- 
teristic of such a system’. 

For the biological assay Whatman No. 1. (diameter 
52 mm) filter papers were impregnated with | mg quantities 
of the pure substance. After careful evaporation of the 
solvent each filter paper was placed in a Petri dish covered 
with an untreated filter paper and distilled water (2 ml) 
added. After equilibration over 3 h, 50 achenes of Lactuca 
sativa cv. “Great Lakes” were introduced and the Petri dish 
kept in a germinator at 25° C either in continuous white 
light or in darkness. Each test (four replicates) was moni- 
tored by a blank (four replicates) in which the lower filter 
paper was untreated. 

The results (Table 1) clearly indicate that the MEL has 
a unique activity in that it inhibits germination in white 
light (fluorescent and incandescent) while it is inactive in 
darkness. This is the first instance to be reported where a 
compound has such a property. The inhibitory activity of 
MEL in white light, however, diminishes with time. 
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ric . concentrations a the quantity of SO; el are 
ined by the rates of emission, dispersal and removal. 
oval as sulphate by rainfall over Britain accounts for 
: 15% only of annual emission’. As long ago as 1950 
suggested that turbulent transfer was an 
: portant process for removing SO: molecules at the 
¿o Barth's surface, a process usually referred to as ‘dry 
: _ deposition’ even when the surface is wet. Measurements 
of the dry deposition rates on short grass and water have 

not been made until recently. From limited evidence for 

short grass Garland et al! suggested that dry deposition 
over Britain may remove 40 % of the SO. emitted annually. 

surface factors which may control dry deposition rates 
rot yet been established, however, nor have dry 
tion rates on field crops been measured, although it 
has been suggested that the sulphur supplied in this way 
may avoid deficiences on some British soils. Here we 
report the results of an extensive series of measurements 
of dry deposition rates on a field of winter wheat and point 
to factors which may limit the deposition rate. 





is 









Table 1 Characteristic measurements of iher resistances to deposition 
of sulphur dioxide on wheat. The SO, concentration y 
and deposition velocity vg are referred to z=] m. 





Time Vg x ratte re Wet (W) or 

- Date (cmt) mms? ugm? smm“ smm“ dry (D) 
10/6/1973 10.40 1.5 0.65 0.61 D 
24/6/1973 na 5.4 21 0.18 0.15 D 
/7/1973 18.0 2.0 11 0.49 0.30 D 
6.4 22 0.16 0 W 
9’ 4.5 26. 0.30 0 W 
25/7/1973 Of 5.8 35. 0.17 0.06 W 
AE 10.0: 1.1 77. 0.90 0.85 D 
29/7/1973 17.10 37 72. 0,27 0,23 D 
30/7/1973 02.00 7.6 13 0.13 0.04 Ww 
30/7/1973 09.00 4.1 8&3 0.24 0.20 D 
11/8/1973 19.00 4.1 22 0.25 0.10 W 
[1973 04.00 4.1! 35 — 0.24 0.05 W 








Because the surface is a sink for SO; the volume con- 
centration X decreases towards the surface and the flux 
F of SO: may be determined from measurements of the 
variation of concentration with height using the standard 
‘micrometeorological equation 


OX 
= Kz) — 
bz 


where K(z) is the eddy diffusivity for SO; at height z, 
assumed equal to that for momentum. At Sutton Bonington, 
10 miles south of Nottingham, values of y were measured 
at five heights up to 2 m over a uniform 8 ha field of 
winter wheat (var Maris Ranger) using the techniques des- 
cribed by Garland et alt. Eddy diffusivities corrected 
where necessary for the effects of atmospheric stability‘ 
were determined from analysis of wind speed and tem- 
perature profiles in the lowest 2 m of the atmosphere. 
Deposition rates are often characterised by the velocity 
of deposition v, defined by o=- as this quantity is 
independent of concentration, but to investigate the con- 
trolling factors in the deposition process it is convegient to 








I 
ider the resistance to deposition, pa as ghe sum 


= g 
-rodynamic resistance ra and a surface resistance re. 
ace resistance is a measure of the affinity of the sur- 





e has been observed in other 24 h experiments. 


































face for SO, uptake, that is r.=:0 for a perfe 
of ra were calculated from wind and temp 
making allowance for the different processes r 
mass and momentum transfer at the surface of 
accuracy of the values of v, depends mainly o 
of SO, concentration. The chemical analysis. 
to about +0.5 wg’ SO, and the unce 
from about +5% to +50%. | 

Measurements were made over | o 
the period from June 8 until August | 
be arbitrarily divided. Before the last week 
the leaves were green and the crop was 
first week in August, the crop was senescent 
harvested on August 13. | 

Table 1 shows characteristic results of 3 
before and after senescence. The large 
total deposition resistance ra+r. contri 
resistance re clearly indicates that sur 
dry deposition rates in most conditions. 
fully senescent, two regimes were di: 
leaves were dry the SO: concentri 
generally below the limit of detect 
< 0.5 pg? m™>. This implies that ve 
(< 0.8 mm s`) because the surface resist 
(>1.2 s mm). There were eight occasions ` 
occurred but none before August 3. In the late e 
leaves were frequently wetted by dew and the 
re decreased substantially. The effect of dew 
observed before senescence, indicating that for - 
physiological control of deposition was ur 
several occasions when measurements ce 
tially over 24 h the variations in re and ° 
interesting features. 


0.8 


0.6 


ro (s mm~!) 
+ 


1500 7100 0300 
24/7/73 Time (GMT) 


Fig. 1 Variation with time of the deposition: as 
(©) and surface resistance re (@) for sulphur : 
wheat 


Figure | shows the diurnal variation of re and vy. 
July 24. At 1600 h GMT, values of r, were represen 
for a dry crop. By 1800 h, dew could be detect 
flag leaves of the crop and the value of r, was < 
As dewfall cohtinued r. decreased until midnig 
began to increase although dew was still p 
changes in re may be explained by a decrea. 
the dew which decreases the solubility of St 
similar variation of ‘r. with time in the pre 





with strong winds and cloud, and consequently no 
however, re remainéd fairly constant with time: 
o 





3900 


The mean v, from 12 occasions when the crop was wet 
was 4.0+1.4 mm s™' and the corresponding mean for re 
was 0.1440.12 s mm7'. For 16 occasions when the crop 
was dry but physiologically active the mean values of 
vy, and re were 3.3+2.0 mm s™ and 0.40+0.26 s mm” 
respectively. The values of vy and re do not differ sig- 
nificantly, but the former is considerably below the value 
of 8.5 mm s~ for the mean deposition velocity to short 
grass'. By extrapolating a mean value of vo, Garland et 
al calculated that the annual dry deposition of SO: over 
Britain was 110 kg ha~', assuming a mean concentration 
of 40 ug. If our mean value for v, (3.6 mm s~’) is more 
representative of arable crops then with the same assump- 
tions it implies an annual SO: deposition of about 47 kg 
ha~. 

Our results indicate that surface wetness has a major 
influence on dry deposition rates and that the surface 
resistance is the controlling step in deposition to vegetated 
surfaces. A further implication is that in winter, when sur- 
faces are wet for long periods, dry deposition rates of SO: 
may be considerably enhanced. 

We thank the Central Electricity Generating Board for a 
grant and A. Martin, J. L. Monteith, J. Shepherd and staff 
of the Environmental Sciences Division, Harwell, for 
assistance and discussions. 
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Two spot ladybirds as indicators of intense 
local air pollution 


Most individuals of the two spot ladybird, Adalia 
bipunctata, may be designated as red with black spots, or 
as black with red spots. Although intermediate forms are 
found, they usually constitute less than 1% of the popula- 
tion in Britain. The most commonly occurring black forms 
are under the control of a single gene and are genetically 
dominant over the red forms’. In parts of continental 
Europe’ and in Britain’*, the frequency of black is highest in 
industrial and other areas with much atmospheric pollution; 
up to 97% melanics are found in Liverpool and Glasgow. 
Multiple regression analysis suggests that there is an 
association of high melanic frequency with smoke, but not 
with sulphur dioxide’, this conclusion is* supported by 
results from Birmingham, where melanic frequencies fell 
soon after the introduction of extensive smoke control 
areas, which had only a relatively small effect on sulphur 
dioxide levels’, z 

Samples previously reported from South Wales? indigate 
a consistently low meldnic frequency, the maximum being 


© Nature Vol. 249 May 24 1974 — 


6% in a sample of 35 individuals from Pontypridd. This is 
in accord with the occurrence of generally low levels of 
smoke pollution, in spite of considerable industrialisation’. 


Abergavenny 


Merthyr 


Tydfil Ebbw Vale 


Pontypool 


Aberdare 


; \ 


» 


Mountain 


VAsh Bargoed 


Pontypridd Newporlan 
x | 
| 
Fy`'n-y-nant 


Cardiff 


Aberdare 


Ynyshir 





Fig. la Map of the eastern valleys of South Wales showing the 
positien of the Phurnacite plant (P), the melanic frequencies at 
the more distant sampling sites and the area shown in detail in b. 
The relative size of the black segments is proportional to melanie 
frequency. b, Map of the Cynon Valley showing melanic 
frequencies. For clarity, the Abercwmboi and Middle Dyffryn 
sites are shown at greater than their true distance (0.3 km) from 
P® Ground over 1,000 feet above sea level is stippled, 


hen Vol. 249 May 24 1974 





Table 1 








Detaiis of samples of the two spot ladybird, Adalia 
_ bi-punctata, collected 1 in south east Wales in June 1973 
Distance 
from Numbers Ws 
phurnacite 
plant Red Black =Total Black 
(km) 
Cynon Valley i 
Aberdare 4,9 42 7 49 14.3 
Cwmaman 2.8 188 60 248 24.2 
Cwmbach 1,2 42 20 62 32.3 
Abercwmboi 0.3 110 78 188 41.5 
Middle Dyffryn 0.3 44 51 95 $3.7 
Mountain Ash | 2.6 22 5 27 18.5 
Abercynon 7.6 100 9 109 8.3 
Rhondda Fach 
Maerdy Jo 72 12 84 14.3 
Ynyshir 7.3 130 6 136 4.4 
Taff. Valley 
Merthyr Tydfil 6.4 | 62 i} 73 15.1 
berfan 4.4 93 26 119 21.8 
Cardiff 25.9 29 l 30 3.3 
Elsewhere 
Ty’n-y-nant 15.1 100 12 112 10.7 
Bargoed 12.4 60 3 63 4.8 
Ebbw Vale 17.0 69 2 71 2.8 
Abergavenny 30.5 49 2 Si 3.9 
Pontypool 27.4 | 75 4 79 | 
35.2 61 4 65 6.2 


_Coldra (Newport) 





A sample of 95 Adalia bipunctata was obtained from the 
Cynon valley in June 1973, however, of which 53.7% were 
black. The ladybirds were found on sallow (Salix spp.) 
and stinging nettle (Urtica dioica) over an area of about 
75 m X 20 m. The site is in the ruins of the Middle 
Dyffryn colliery and is 300 m to the east of the ovens of 
the National Coal Products Phurnacite plant at Aber- 
cwmboi, which produces smokeless fuel from coal; it is 
on the edge of the wood in which the effects of air pollution 
on the leaves of oak trees were investigated’, 

To discover how extensive was the area of relatively 
high melanic frequency, samples were collected from other 
sites in this part of South Wales (Fig. 1); the results are sum- 
marised in Table 1. The sample from the village of 
Abercwmboi, with 41.5% melanics, was obtained roughly 
the same distance from the ovens as the first. sample, but 
to the west of them. The difference in frequency between 
the two samples does not quite reach formal significance; 
X = 3.78, P = 0,052. The melanic frequency falls 
steadily with increasing distance from the Phurnacite plant 
(Fig. 2), and there is no indication that other areas with 
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+ 
Fig. 2 The relationship between melanic frequency in samples 
of Adaiia bipunctata and the aa of the collecting site from 
the Phurnacite plant at Abercwmboi. Wi, Sites in the Cynon 
valley; @, sites in the Rhondda Fach: A, sites in the Taff 
valley; W, other sites in south east Wales. 


* e 227-232 (1973). 
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locally high frequencies occur in South Wales. The site at 
Ebbw Vale (2.8% black) is 200 m from large teel and 
tinplate works, and that at Ty’n-y-nant (10.7: Kas 
500 m from coke ovens and chernical works wi 
however, much smaller than the Phurnacite plant, but 
be responsible for the apparent small increase in me 
frequency. 

There is extensive damage to the 
Phurnacite plant, but this is largely c 
the east side, the prevailing winds be x 
et al* concluded however that, altho ug 
was having a marked effect on the trees, ig 
in the leaves resulted from increased E 
meability caused by fine particles in the © 
stomata, rather than from locally high levels 
pheric sulphur dioxide. Both sulphur dioxide. 
have lower mean annual levels at a recording t 
to the ESE of the Phurnacite plant (44 pg m” i 
respectively) than in the urban areas of $ 
(49 ug m~ and 55 pg m™*) 2.1 km to 
Aberdare (60 „g m> and 41 pg m™) 4} 
west, but the fallout of particulate mat 
much higher immediately to the east of- 
plant than elsewhere. In 1967 (the most rece 
which almost complete records are available) 
at the Middle Dyffryn site were 2.16 g m~ d’, q 
with 0.21 g m~ d` at Abercwmboi (from data $ SD 
Dr J. LI. Williams). This high level of pa 
renders it impossible to use the biological nv 
and sulphur dioxide assessment’ to provide a 
comparison of melanic frequencies and air - 
I had taken care to avoid proximity to sours 
pollution. Although I found the reflectance of t 
to be the most important single indicator of sulphi 
levels over southern Britain, reflectance near the 
cite plant is largely influenced by the amount of | 
matter deposited on the surface. The other & 
parameters used suggest that both mean smoke and 
dioxide levels are lower at the Middle Dyffryn site 
Mountain Ash. a 

If air pollution from the Purnacite plant has a direct 
selective effect on the melanic frequencies, then i 
to be an effect of gases, other than sulphur dioxid 
the particulate matter comprising grit and 
Aberfan, a melanic frequency of over 20% 
from Middle Dyffryn, and separated from it: 
on which the insect does not occur; fx 
decline in melanic frequency with increasing 4 : 
the Phurnacite plant seems to be the same in sample 
the Rhondda Fach and Taff valleys as it is in the 
valley (Fig. 2). This suggests that the frequencies a 
fluenced not only by outward gene flow, but also | 
Phurnacite plant possibly having an appreciable effect oi 
such distances. 
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Aberdare, for the data on pollution levels. The work 
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Deltatheroides—like mammals from 
the Upper Cretaceous of North America 


THE family Deltatheridiidae' has been redifined to include 
primitive therian mammals of tribosphenic grade referrable 
to only two genera Deltatheridium' and Deltatheroides, 
from the Djadokhta and Barun Goyot Formations, of un- 
certain age within the Upper Cretaceous of Mongolia’. The 
Deltatheridiidae, long considered Eutheria, although of dis- 
puted taxonomic dimensions and phyletic position within 
the infraclass'~°, seem now best classified as therians 
of metatherian-eutherian grade, but referrable to neither 
Metatheria nor Eutheria’. A combination of apparent mar- 
supial-like and placental-like features in the known parts 
of the dentition and skull of members of the Deltatheridiidae 
insures that the family will be of continuing interest. 

I here record the first recognition of the Deltatheridiidae 
sensu Butler and Kielan-Jaworowska® from territories out- 
side of Asia, an occurrence documented by fossils collected 
at Upper Cretaceous horizons in the Western Interior of 
North America. The new deltatheridiids are known only 
from isolated teeth and tooth fragments, which have been 
found but rarely in the large samples of North American 
late Cretaceous mammals in collections. Nevertheless, the 
detailed resemblances of these fossils to molars of the 
Asiatic Deltatheridiidae, especially to those of Deltather- 








ua 


Fig. 1 Stereophoto pairs of isolated ‘molars of cf. Delta- 
theroides sp., Upper Cretaceous, North America. a, UA 
4085b, M' (2), Upper Edmonton Formation, Alberta, ° 
Canada; b, UCMP 46359, lower molay, Lance Formation, 
Wyoming (x about 7.6). ee 
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oides cretacicus', make reliable the identifications recorded 
here. The fossils are: (1) University of Alberta (UA) no. 
4085b (see Fig. la), a single upper molariform tooth from 
the late Maestrichtian (Lancian)*’ Upper Edmonton Forma- 
tion, Alberta, and first described® as a possible deciduous P“ 
of the palaeoryctid Cimolestes magnus’; (2) University of 
California (Berkeley) Museum of Paleontology no. 46359, 
a lower molar (see Fig. 1b), and American Museum of 
Natural History no. 59482, a lower molar trigonid, both 
from a previously unidentified species occurring in the late 
Maestrichtian Lance Formation, Wyoming"; and (3) UA 
4248, a previously unidentified lower molar talonid, from 
the late Campanian (Judithian)"*’ Oldman Formation, 
Alberta. The Lance and Oldman specimens are virtually 
identical in coronal architecture, other than slightly larger 
size, to Me or M; of Deltatheroides cretacicus (this species 
is being redescribed elsewhere by Z. Kielan-Jaworowska). 
Occlusal relations and comparison with upper molars of 
the Asiatic deltatheridiids suggest that the tooth from the 
Upper Edmonton Formation is probably an M’ from the 
same or closely related species as are the lower molar 
specimens. 

The close morphological resemblances between the North 
American and the Asian fossils generate inferences that: 
(1) the known Asian and North American deltatheridiids 
diverged relatively recently before their oldest discovered 
occurrences in the Djadokhta and Oldman Formations; and, 
as a corollary, (2) migration of the descendant deltatheridiid 
species from Asia to North America or vice versa (and the 
known evidence does not now permit a choice) took place 
soon after this divergence. Although these inferences con- 
cerning the near contemporaneity of earliest appearances 
of Asiatic and North American deftatheridiids must remain 
tentative—at least until more extensive sampling of the 
local mammalian faunas of North America and East Asia 
can be completed—they are nevertheless in accord with 
other evidence that had earlier and independently indicated 
the improbability of a relatively great Cretaceous age of 
the Djadokhta mammals”: relict triconodonts and sym- 
metrodonts survived in North America to at least as late 
as the time of deposition of the early Campanian (Aquilan)*' 
Upper Milk River Formation (still before the time of first 
appearance of North American deltatheridiids), but fossils 
of neither triconodonts nor symmetrodonts have been found 
in the deltatheridiid-bearing Djadokhta Formation or in 
younger Upper Cretaceous rocks in East Asia. 

W. Clemens, A. Crompton, Z. Kielan-Jaworowska, 
M. McKenna and B. Slaughter permitted study of speci- 
mens in their care; A. Lindoe photographed the specimens; 
and D. Krause critically read the manuscript. This work 
was supported by the National Research Council of Canada 
and the University of Alberta. 
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K. G. Grell: Protozoology 
437 figures. 15 tables 
Vill, 554 pages. 1973 


IT. C. Moore: Research Experiences | 
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Cloth DM 107,—; US $41.20 | 
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| Temperature and Life 


| By H. Precht, J. Christophersen, 
H. Hensel, W. Larcher E 
263 figures. XVHI, 779 pages. 1973 
Cloth DM 142,— -US $54.70 





Intracellular Staining 

_in Neurobiology 

Editors: S. B. Kater, C. Nicholson 
132 figures (some in color) 

| XI, 332 pages. 1973 

Cloth DM 75,60; US 329.20 
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| Molecular Biology, Biochemistry 

| and Biophysics 

Vol. 13: P. Jolles, A. Parat: Chemical 
and Biological Basis of Adjuvants 
24 figures. 41 tables. VIH, 153 pages 
1973. Cloth DM 48,—; US 318.50 


| 
| | 
| 
f 
Vol. 14: Micromethods in | 
| Molecular Biology 
| Editor: V. Neuhoff 

|275 figures (2 in color) | 
a tables. XV, 428 pages. 1973 — 
| Cloth DM 98, —; US $37.80 


| Vol. 15: M. Weissbluth: Hemoglobin 
_Cooperativity and Electronic 

| Properties 

50 figures. Approx. 240 pages. 1974, 
Cloth DM 72,—; US $27.80 


Vol. 16: S. Shulman: Tissue Speci- 
ficity and Autoimmunity 

32 figures. Approx. 250 pages. 194 
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Distribution rights for UK., 
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Precision Instruments — 
Polarimeter Model A 


This instrument gives the highest 
degree of accuracy with divided 
circle on glass reading to 0.01 degree. 


Circle centre on ball bearings - Easily 
removable trough - Divided drum 
replacing verniers - Stationary observa- 
tion telescope - Circle reader enlarging 
image of scale - Slow motion adjustment 
always in action * Suitable, with additions, 
for measurement of rotatory dispersion. 


This polarimeter has been supplied in 
large numbers both in this country and 
abroad, and has always been acclaimed 
as being of advanced design and workman- 
ship. Please ask for particulars “N”. 
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Prehistoric snails 


Land Snails in Archaeology, with Spe- 
cial Reference to the British Isles. By 
John G. Evans. Ppxi +436. (Seminar: 
New York and London, January 1973.) 
£7.90. 


ARCHAEOLOGISTS are becoming in- 
creasingly interested in the reconstruc- 
tion of the environment and ecology of 
the ancient sites they excavate, and one 
of the sources of evidence available to 
them is the careful study of the shells 
of ancient land snails. These are par- 
ticularly important in the limestone 
and chalk regions of Britain where 
pollen grains do not survive to give 
direct evidence of the local flora, 

This book sets out to give an account 
of the growth of interest in the study 
of land snails by archaeologists during 
the past century, the methods of identi- 
fication and the results that can be 
achieved by careful sampling and inter- 
pretation. 

The possibility of using snail shells 
as environmental indicators was first 
suggested by General Pitt-Rivers when 
he found their remains in the ditch of 
the iron age hill fort at Cuissbury, 
Sussex, in 1869. Most of the early work 
on snails in ancient contexts in this 
country was carried out by A. S. 
Kennard and B. B. Woodward. Recent 
developments largely brought about by 
the author of this book, and recorded 
in detail in it, include the much more 
accurate sampling procedures, the inter- 
pretation of the environment from the 
standpoint of both moisture and tem- 
perature. “The techniques of snail shell 
analysis is now refined to the extent 
that we are able to recognise and dif- 
ferentiate between the effects of 
climatic, local environmental and 
anthropogenic influences on ancient 
snail populations.” 

Now it is essential that further study 
be made of the geographical ranges of 
present day snail populations in this 
country. Also urgently needed are 
quantitative data on modern snail 
populations from habitats whose phy- 
sical, chemical and biological aspects 
are fully described. The reconstruction 
of the past environment depends on 
establishing the snail fauna of the 
locality: snail faunas in which 90%, 
of the snails are of one species reflect 
a severe habitat-—salt marsh, ploughed 
field or sand dune. A wide range of 
species may be found in well estab- 
lished woodland—upwards of fifty 


ook reviews 


species is not uncommon, with none of 
them accounting for more than 15% 
of the total fauna. 

The study of snail faunas ultimately 
rests on the identification of the re- 
mains of the snail shells surviving from 
the past. The author provides a number 
of pages of outline drawings of the 
200 species involved, including illustra- 
tions of immature forms, which should 
be a splendid guide for those undertak- 
ing this identification work. It might 
have also been helpful to supplement 
this with photographs both of com- 
plete shells, and the most common 
ways in which they survive as frag- 
ments, The species are described in 
detail, with the environment, distribu- 
tion and archaeological finds all listed 
for each species. 

Chapter six deals with the ecological 
groups into which snail faunas may be 
classified, and may be one of the most 
interesting sections of the book for 
those concerned with reconstructing 
past ecological conditions. They are 
divided up into shade-loving species, 
(including the Zonitidae, Carychium 
tridentum and Discus rotundus and 
other woodland species); intermediate 
or catholic species; open country 
species (including Vertigo pygmaea, 
Pupilla muscorum, Vallonia costata, V. 
excentrica and Helicella itala), marsh 
and freshwater slum species. Besides 
these, four other groups which are not 
entirely ecological can be distin- 
guished: alien species (introduced into 
Britain by man at various times since 
the Bronze Age), burrowing species 
(Pomatias elegans and Cecilioides 
acicula in particular), anthropohobic 
species, confined to wild habitats in 
remote woodland (including Lauria 
angelica, Ena montana, Helicodonta 
obvoluta and Limax tenellus). and 
synanthropic species which live in man 
made habitats such as gardens, hedge- 
rows and refuse heaps (for example, 
Hygromia striolata, Helix aspersa and 
Limax flavus). 

Some snail species are now extinct, 
which were relatively common in the 
Boreal period, and thus may be useful 
for giving some clue for dating the 
deposits in which they occur, in par- 
ticular Vertigo genesii and Discus 
ruderatus. s 

The conclusions from work sô far 
are that there was an all-pervading 
forest cƏèver in Mesolithic and Neo- 
lithic times, and that forest clearance 
at a number of Neolithic sites was fol- 
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Morphology of the Sirenia: 
Macroscopic and X-ray Atlas af 
Osteology of Recent Species. B 
E. Kaiser. Pp. vit 76. { 
Basel, London and New York,- 
Sfr.94; £13.65; $29.15. 


THE true function of this slr 
expensive book of photogr 
somewhat difficult to discern, tha 
much effort has gone inte iis prot 
tion. Here is an ordered ser 
original photographs, together ¥ 
number of positive X-ray photog 
designed to illustrate the macros 
osteology of the three genera of 
modern Sirenia. Each photograph is 
accompanied by a detailed textual des- 
cription of what is to be seen in that 
particular picture. But unfortunately a 
‘number of the photographs are lacking 
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Ecological 
Stability 


Edited by M. B. USHER and 
M. H. WIL LIAMSON 

May 1974: 208 pages 
HHustrated: hardback: 3 3.60 
The unifying theme of this 
book is in the analytic in- 
vestigations of populations, 
the quantification of popula- 
tion processes and the applica- 
tion of mathematical models 
to simulate and predict these 
phenomena. The chapters are 
based on, but are not identical 
to, twelve papers given at a 
‘workshop meeting at York 
University in the summer of 
1973. The papers fall into four 
inter-related groups: relations 
between predator and prey; 
ralations between host and 
parasite; relations of species 
within a trophic jevel; and the 
effects of special heterogeneity 
on the stability of species. 


CHEMISTRY TEXTBOOK 
SERIES 


Pericyclic 
Reactions 


G, B. GILL and 

M. R. WILLIS 

April 1974: 248 pages: 

limp cover: £2.95 

This book provides a compre- 
hensive introduction to the 
main theories that have been 
advanced to explain the 
stereospecificity of pericyclic 
reactions. It has been written 
for use as a text for both under- 
graduate and postgraduate 
courses; there are worked ex- 
amples, formal problerns with 
solutions, and references to the 
review literature. 


The Chemistry 
of the Non-Metals 


P. POWELL and 

P.L TIMMS 

April 1974: 274 pages: | 
Hlustrated: limp cover: £2.85 
This undergraduate level text- 
book is concerned with the 
non-metallic elements and the 
compounds they form with one 
another. An attempt is made to 
correlate the chemistry of 
these compounds as a whole 
and emphasis is given to dis- 
cussing common features of 
structure and bonding within 
the different classes of com- 
Io pound. 

< Further information on 

. these titles and a list of 
-stockists is available from 
the publishers on request. 
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‘the specitien. cei 
Additionally there are a few line draw- 
ings of ossicles, vestigial pelvic bones 


and so on. But nowhere are scales or 


measurements indicated except in the 
initial photograph of the mounted 


skeletons of Hydrodamalis, Dugong 
and Trichechus where the overall 


lengths are stated. 

Description is entirely dominant over 
discussion and comment. The author 
evidently has little interest in the ex- 
traordinary and changing tooth pat- 
terns in the dugong and manatee in 
the course of the life of the individual : 
pointers on certain pictures simply say 
“Dentes molares”. The non-erupting 
tusks of the female dugong are no- 
where referred to, nor the presence, 
form and function of the horny buccal 
pads which are so important in the 
Sirenia. The work is based on several 
specimens and not upon series, of 
skulls, for example. 

G. C. L. BERTRAM 


International eel 


Der Aal: Biologie und Fischerei By 
Friedrich-Wilhelm Tesch. Pp. 306. 
(Parey: Hamburg and Berlin, 1973.) 
DM 78. 


THe physiology and migrations of eels 
raise fundamental and controversial re- 
search questions. This book will give a 
further impetus to work in this field, 
for it surveys the entire literature 
(about 900 references) dealing with the 
Atlantic as well as the Indopacific 
species of Anguillidae. 

Two-thirds of the book are devoted 
to zoological aspects, with an especially 
thorough discussion of anatomy, varia- 
tion, taxonomy, life history, feeding 
and migrations. The separation of two 
Atlantic species, the American, 
Anguilla rostrata and the European, 
A. anguilla is defended against the 
background of a recent controversy. 
Dr Tesch attributes their geographical 
separation to the time required for the 
transition from larva to elver. The 
European species requires for this 
three years, so that larvae brought pre- 
maturely near American shores will not 
be ready to respond by movement to 
freshwater. American larvae become 
elvers in one year and any transported 
eastwards will perish as they will not 
be near the coast at the appropriate 
ontogenetic stage. 

The chapters on environmental influ- 
ences on productivity of inland waters, 
growth, behaviour and even sex deter- 
mination and sex ratios aw particu- 
larly detailed. Certain current bio- 
chemical studies, powever, arè not dis- 
cussed in sufficient detail (and Sick’s 
haemoglobin sstlies were electropho- 
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The current knowledge and 

latest research findings in 

| the biophysics of insect 

flight are combined in this 

book and explained in a 

way that is clear to the 

general reader without 

neglecting accuracy of 
detail. The author describes 
the fascinating inventiveness 

| of Nature, revealing the 

multiplicity and intricacy 

of her designs. The book 

contains a large number of 

illustrations and unique 

photographs. 
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retic not chromatographic, page 41). 

In addition to the main body of 
information, minor but fascinating 
issues are not forgotten: the methods 
and difficulties of determining age and 
sex of specimens, the poison in the un- 
cooked eel blood, the survival of a 
specimen with very little haemoglobin, 
the swimming ability of the larva, and 
so on. 

The last third of the book deals ex- 
pertly with methods of fishing and 
other related issues. The increasing 
economic importance of the eel is 
clearly demonstrated. Characteristi- 
cally, for our age, the collection of 
elvers for food and the impediments 
to elver immigration presented by tech- 
nical works, are leading in Japan to 
scarcity of eels. This is met by fish 
farming, and there are over 1,200 eel 
farms in that country. The methods 
used in these are described. 

This is an excellent book, impeccably 
produced and with very helpful illus- 
trations and tables. I hope that it will 
be translated into English. 

E. M. PANTELOURIS 





Erratum 

The price of Computational Physics by 
David Potter (reviewed in Nature 248, 
295: 1974) is £6.95 and not as stated, 
and there is no paperback edition. 








CLINICAL ONCOLOGY: A Quantitative Approach 


fy N. M. Emanuel and L. S. Evseenko, Meditsina Publishing 
House, Moscow. 

This monograph deals with the application of some methods of 
Kinetics and statistics in various fields of clinical oncology, a 
subject which is of topical interest. Every pathological process, 
including tumours, develops in time and therefore the laws of 
kinetics, which examine the mechanisms and development of 
different processes, create new prospectives in oncology for 
theoretical analysis and practical work. (Translated from the 
Russian). 

April 1974 280 pages £11.25 


MOLECULAR MICROBIOLOGY 

Edited by J. B. G. Kwapinskl, University of Manitoba. 

A new approach to the chemistry and structure of micro-organisms, 
Describes micro-organisms in terms of their constitutional and 
dynamic molecular components and views them as dynamic 
assemblies of specific macromolecules that constantly interact 
among themselves and with the environment. Divided into two 
major parts: a general treatment of properties and function of 
microbial molecules; and a systematic description of molecular 
constitutions and interactions of the different microbial assemblies 
(bacteria, viruses, rickettsiae, fungi, efc.}. 

April 1974 


PRINCIPLES OF DRUG ACTION: The Basis of 
Pharmacology, Second Edition 


By Avram Goldstein, Lewis Aronow and Sumner M. Kalman, 
all of Stanford University School of Medicine. 

Explains principles that govern drug action, absorption, meta- 
bolism, distribution and toxicity. Discusses clinical use of drugs 
and evaluation of drug effects and safety. Uses appropriate drugs 
to illustrate principles. New in this edition: receptor isolation, the 
revolutionary advances in analytical chemistry applied to the 
detection and quantitation of drugs and drug metabolites, environ- 
mental toxicity, the immunochemical basis of drug allergies and 
drug-drug interactions in man. 

May 1974 870 pages £11.40 


INTENSIVE CARE 

By Ake Wahiin, Lars Westermark and Ansje van der Viet, Central 
Anaesthesiological Dept, Karolinska Sjukhuset, Stockhoim, 
Written with the non-specialist in mind, this book explains the 
routines in intensive care which have been developed in 
Scandinavia. its object is to introduce and guide students in all 
aspects of medical care to the proper planning and running of an 
intensive care unit. ts practicability is assured since it is based 
largely on experience gained by the authors in the intensive care 
unit of the Centrai Anaesthesiologica!l Department of the Karolinska 
Hospital, Stockholm, Sweden. This English edition is based on the 
third Swedish edition of the book. 

April 1974 j24 pages £6.75 


THE MAMMALIAN MYOCARDIUM 
Edited by Glenn A. Langer, and Allan J. Brady, University of 


California, Los Angeles. 
A comprehensive analysis of mammalian cardiac function with 





particular focus on cellular and subcellular function. Synthesizes » 


and summarizes information from a variety of related disciplines. 
March 1974 320 pages £13.75 


494 pages £14.06 ` 


























CHEMISTRY OF THE QUINONQIO | 


Edited by Saul Patal, The Hebrew University, Jerusalen 

The series ‘The serie of the Functional Groups” ig A 
to cover in sach volume all aspects of the chemistry of onea t 
important functional groups in arganic chemistry, in this gase the 
compounds containing quinonoid group. The emphasis | a 
on the functional group treated and on the effects + 
on the chemical and physical properties. pr 
mediate vicinity of the group in question, and 
behaviour of the whole molecule. The authe , 
important developments and on material which Has nor! 
covered in other literature. (Bound in two Gare). 
April 1974 1,302 pages 


Edited by W. J. Gréills-Thomas 3 ee of Physical CROIS, 
University of Salford. 
This book describes modern developments in the use « 
and theoretical techniques fo study problems in ¢ 
analysis. Since Barton's classic paper in 1950, 4 
formational studies have developed inte one of ihe i 
fields in chemistry. Nowadays, however, physi 
on a diffraction and chemical re 
have largely superseded the chemical metho 
pioneers. This change in emphasis is reflect 
which there are contributions describing all the ma 
to studies of potential barriers to rotation mo 
analysis. 
April 1974 


REACTIVE INTERMEDIATES IN ORG 
CHEMISTRY 


By N. S. isaacs, University of Reading. 
This book represents a major departure in the Organiz 
organic chemistry texts in that it brings together resect 
occur via a common type of intermediate rather than fo: 
reactions on the basis of the nature of the product. 
April 1974 564 pages 


OPIATE ADDICTION: Origins and Ti 
Edited by Seymour Fisher, Boston Universit ty 3: 
and À, M. Freeman, New York Medical inde 
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dependance, social a political a ite on addet 
behavioural analysis of opiate dependance and ewaluarol 
various drug treatment programmes, 

April 1974 264 pages * p 
Published by V. H. Winston and Sons inc. and distributed by woh Bech: 
Wiley and Sons Ltd. 


MEDICAL MICROBIOLOGY: 


Clinical Relevance 

by Raymond C. Bartlett, M.D., Hartford Hospital, Connecticut, 
Provides guidance in laboratory administration and sets. forth 
principles developed and tested in the clinicg! mitrabiciogy 
laboratory of a large U.S. community hospital (Wey Series or 
Quality Control Methods in the Chemical Laboratory). 

April 1974 272 pages EGAS 
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Oxford Physics 


General Editors: E. J. Burge, 
D. J. E. Ingram, J. A. D. Matthew 


The aim of this series is to provide a coherent set of short 
textbooks that together will cover, in a flexible way, all the 
material required for a degree course in pure physics, or 
physics combined with other subjects. The series will 

range from core texts, dealing with material common to all 
physics courses, through to advanced topics taught as 
options within courses. Progress from one book to another 
will present the minimum of difficulty, since the series as a 
whole will be closely integrated and the books will all 

have common nomenclature and units. 


A clear, brief account of the foundations of electro- 
magnetism - summarized in Maxwell’s equations — 
precedes a thorough discussion of the applications of 
electromagnetic laws in conducting media, fields due to 
dipoles, dielectric and magnetic media, electromagnetic 
waves, and radiation. The book should prepare students 
for the study of more advanced or specialized texts and 
enable them to follow the use of electromagnetic theory in 
other branches of physics, engineering, and chemistry. 
£2-90 paper covers £1-45 


G. Lancaster 


Students leaving school and going on to further study in 
physical science are confronted in the laboratory with an 
array of electronic equipment much more sophisticated 
than any they will have met before. The aim of this book 

is to ease the confrontation by explaining how these 

‘black boxes’ work. With the advent of widely available, 
cheap, integrated-circuit devices, an understanding of their 
functioning is essential. £2-90 paper covers £1-45 


3. Radiation and 


Integration of pre-university physics with the first-yea 
course, and integration of the various aspects of radiation 
in all its different forms, are the two main themes of this 
book. The author develops quantum and other concepts 
into a coherent pattern of knowledge which includes such 
topics as the radiation laws and Planck’s postulate; 
energy-distribution and the ideas of statistical mechan ICS; 
the photoelectric and Compton effects; Bohr’s theory and 
its limitations; and the wave-particle aspect of matter 
and energy, linked with the Uncertainty Principle and an 
introduction to the basic methods of wave mechanics. 
£2:90 paper covers £1-45 ° 


2. D.C. and A.C. Circuits 


to the Study of Man 
J. Z. Young 


This ‘superb introduction to human biology’ (The Lancet) 
traces the sources of human activity from their biochemical 
basis to the highest levels of consciousness. “Over this 
remarkable range the information is admirably organized 
and lucidly and vividly presented . . . . In its co mbination of 
biological erudition, concern for profound issues, 

scientific and social, sensitivity to the problems of mankind 
and not least to values and aspirations, this is a work of 
rare distinction’ (Nature). £6 Oxford Paperbacks £1 ‘95 


Nucleus and Cytoplasm 
Henry Harris 


The second edition of this book still aims to provide an 
introduction to the most important problems in the field of 
nucleo-cytoplasmic relationships, although the text has 
been extensively revised to take account of important 
experimental advances. The recent development of assays 
for the biological activity of cellular messenger ribo- 
nucleic acids, the analysis of transcriptional and 
translational controls in molecular terms, and the 
continuing progress in the field of cell fusion have, 
however, done much to clarify problems that appeared 
intractable a few years ago. £4:20 paper covers £1-90 


The Control of Gene 
Expression in 

Animal Development 
J.B. Gurdon 


» This book outlines what is known of the control of gene 


expression during the earliest stages of animal develop- 
ment and cell differentiation. Each main chapter 
summarizes the background to its subject and then 
discusses in detail some of the current research in the area. 
Special emphasis is given to the experimental analysis of 
gene regulation in living cells by such techniques as 
nuclear transplantation and microinjection. £3°50 

paper covers £1:25 


An Introduction to 
Applied Mathematics 
J. C. Jaeger and A. M. Starfield 


This undergraduate textbook is concerned with applying 
mathematics to physical and engineering problems. The 
new edition reflects the fact that numerical methods are 
now as much a part of applied mathematics as the formal 
theory of ordinary and partial differential equations. 
Second edition £8-50 paper covers £3°85 


Inspection copies of these books are available to lecturers wishing to Consider them for adoption as required texts. 
Please write to Oxford University Press (UPS), Ely House, 37 Dover Street, London Wix 4AH 












| i ternational meetings 


h une 2-6, Radiation Protection: Philo- 
sephy and Implementation (Symposium 
Organiser, Room 1324, CEGB, Sudbury 


House, 15, Newgate Street, London 
ECIA 7AU) 
June 3-5, A festive International Ex- 


position for the Minicomputer Industry 
(MINIFEST 74 Secretary, Polytechnic 
of Central London, 115, New Caven- 
dish Street, London WIM 8JS) 


June 3-5, Applications of Marine Geo- 
desy (G. W. Lennon, Institute of 
Coastal Oceanography and Tides, Bid- 
ston Observatory, Birkenhead, Cheshire, 
L43 7RA, UK) 


June 3~6, 25th Annual Meeting of the 
Tissue Culture Association (Dr Vincent 
J. Cristofalo, Chairman, TCA Publicity 
Committee, The Wistar Institute, 36th 
Street at Spruce, Philadelphia, Pennsyl- 
vania 19174) 


June 3-7, International Symposium on 
N; Fixation (Dr Wiliam E. Newton, 
Charles F. Kettering Research Labora- 
tory, 150, East South College Street, 
Yellow Springs, Ohio 45387) 


June 4, Using Minicomputers and Pro- 
grammable Calculators for Stress 
Analysis and Design (The Meetings 
Officer, The Institute of Physics, 47, 
Belgrave Square, London SWIX 8QX) 


June 4-7, Minerals and the Environ- 
ment (Institute of Mining and Metal- 
lurgy, 44, Portland Place, London WIN 
4BR) 


June 6-7, 7th Geodesy /Solid—Earth 
and Ocean Physics (GEOP) Research 
Conference (American Geophysical 
Union, 1707, L Street N.W., Washing- 
ton DC 20036) 


June 7, Symposium on Mathematical 
Economics (Secretary and Registrar, 
The Institute of Mathematics and its 
Applications, Maitland House, Warrior 
Square, Southend-on-Sea, Essex SSI 
2)Y, UK) | 


June 10-13, 8th Annual Conference on 
Trace Substances in Environmental 
Health (Dr Delbert Hemphill, 426, 
Clark Hall, University of Missouri, 
Columbia, Missouri 65201) | 


June 10-14, Haploids in Higher Plants: 
Advances and Potential ( University of 
Guelph, Ontario, Canada) | 


June 11, Symposium on Mathematics in 
Educational Planning (The Secretary 
and Registrar, The Institute of Mathe- 
matics and its Applications, Maitland 
House, Warrior Square, Southend-on- 
Sea, Essex SSI 2JY, UK) 


June 11-14, The Electrodynamics of 
Substorms and Magnetic Storms (R. A. 
Hoffman (Chairman), NASA, Code 646, 
GSFC, Greenbelt, Maryland 20771) 


June 11-14, 8th International Congress 
for Noise Abatement (Secretariat Pro 
Aqua-Pro Vita, ACIB, P.O. Box, CH- 
4021 Basle, Switzerland) 


June 12, Changing your Computer 
(Registration Secretary, BIS-Brandon 
Training, 80, Blackfriars Road, London 
SE! 8HB) 


June 12, Glass: An Engineering Material 
(The Meetings Secretary, Institution of 
Metallurgists, Northway House, Whet- 
stone, London N20 9LW) 


June 12-14, International Conference 
on Submillimeter Waves and their Ap- 
plications (K. J. Button, MIT National 
Magnet Laboratory, Cambridge, Massa- 
chusetts 02139) 


June 12-15, Analysis of Lipids and 
Lipoproteins (1974 AOCS Lipids Con- 
ference, American Oil Chemists’ 
Society, 508, South Sixth Street, Cham- 
paign, Ulinois 61820) 


June 14-22, 17th International Seed 
Testing Congress (ISTA Secretariat, 
Box 68, N 1432 AS-NLH Norway) 


June 16-20, llth Informal Conference 
on Photochemistry Honoring Professor 
Francis E. Blacet (T. W. Martin, Con- 
ference Chairman, Box 1506/B, Vander- 
bilt University, Nashville, Tennessee 
37235) 


June 17-19, Velikovsky and the Recent 
History of the Solar System (Stephen 
L. Talbott, Editor Pensee Magazine, 
P.O. Box 414, Portland, Oregon 97207) 


June 17-21, Sth International Liquid 
Crystal Conference (Conference Secre- 
tariat, c/o Stockholm Convention 
Bureau, Strandvagen 7c, S 114 56 Stock- 
holm, Sweden) 


e 
June 19, 46th Annual CIBA Foundation 
Lecture .(Personal Assistant to the 
Director, The Cib& Foundation, 41, 
Portland Place, Londen WIN 4BN) 
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June 23-26, ist Ja 
of the Society * 
Health” (The Secretariat, q 
Research Foundation, 48, ` 
Constantinou Avenue, Athens 
Greece) 








June 23-30, Workshop on 
Ethics (Robert M. Veatch. As 


Medical Ethics, Institute 
Ethics and the Life Sciences 
burton Avenue, È 


New York 10706) 


June 24-26, 2nd Internation 

sium on Mass Spectre 
Biochemistry and Medicine i 
c/o Instituto di Ricerche | 
giche “Mario Negri” 201457 — 
Eritea, 62, Italy) 


June 24-29, Paris 1974 In Pe 
logy Week (Secretariat 

de Cancerologie et 
14, Avenue Paul. 
94800 Villejuif, France) 


June 24-28, Recent / 
Assessment of the — 
Environmental Pol 
riat, Health Protection 1 
Rue Aldringen Luxembourg - 
Duchy)) 


June 24-28, Enzymes and thej a 
Analysis and Clinical Diag 

tor of the Summer Si 

356, Massachusetts ¥ 
logy, Cambridge, Massa 


June 24-28, 2nd Internationa 
Committee, Second Intern 
posium on Sex Education, P.O. 
Tel Aviv, Israel) 
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June 25-July 6, 10th International Sym- 


posium on Mathematical Geophysics 
(Dr J. A. Hudson, Department of 
Applied Mathematics and Theoretical 
Physics, Silver Street, Cambridge, UK) 


June 27-29, Gene Regulation in Mam- 
mals (Dr Andrew A. Kandutsch, The 
Jackson Laboratory, Bar Harbour, 
Maine 04609) 


July 1, Automated Sequencing for Pep- 
tides and Proteins (Chairman, J. L 
Harris, MRC Cambridge, UK) 


July 1-3, 549th Biochemical Society 
Meeting (The Meetings Officer, The 
Biochemical Society, 7 Warwick Court, 
Holborn, London WCIR SDP) 


July 1-5, 6th Symposium on Organic 
Sulphur Chemistry (The Secretariat, 
School of Physical and Molecular 
Sciences, University College of North 
Wales, Bangor, LL57 2UW, UK) 


= July 1-6, Land use and Society (The 


Secretary, S:As Congress, c/o Rhodes 
University, Grahamstown, South 
Africa) 


July, 2-4, The Emergence of Science 
in Western Europe in Different 
National Contexts (The British Society 
for the History of Science, 47 Belgrave 
Square, London SWIX 8QX) 


July 7-12, 9th International Congress 
of Neuropsychopharmacology (Profes- 
sor J. R. Boissier, General Secretary, 
Organising Committee, Unite de Neuro- 
psychopharmacology, 2 Rue d’Alesia, 
75014 Paris, France) 


July 8-10, Recent Advances in NMR 
Spectroscopy (Miss J. M. Usher, The 
Chemical Society, Burlington House, 
London WIV OBN) 


July 8-11, 2nd International Conference 
on the Biology and Pharmacology of 
Cyclic AMP (Dr G. I. Drummond, De- 
partment of Pharmacology, Faculty of 
Medicine, University of British Colum- 
bia, Vancouver 8, Canada) 


July 8-12, International Dynamic Mass 
Spectrometer Symposium (Dr D. Price, 
Department of Chemistry and Applied 
Chemistry, University of Salford, Sal- 
ford M5 4WT, Lancashire, UK) 


July 8-12, Micro 74 (The Administra- 
tor, Royal Microscopical Society, 
Clarendon House, Cornmarket Street, 
Oxford OX1 3HA, UK) 


July 9-12, Kinetics of Chemical Reac- 
tions in Heterogeneous Systems (Dr 
Troyanowsky, Secretaire general, 
Societe de Chimie physique, 10 rue 
Vauquelin, 75231 Paris Cedex 05, 
France) ig 


Properties and Applications of Poly- 
mers (The Meetings Officer, The Insti- 
tute of Physics, 47 Belgrave Square, 
London SWIX 8QX) 


July 10-12, Environmental Pollution: 
Mutation and Selection (Professor M. 
A. Ferguson-Smith, Institute of Gen- 
etics, Church Street, Glasgow G11 SJS, 
UK) 


July 11-12, Recent Advances in Vibra- 
tional Spectroscopy (Miss J. M. Usher, 


The Chemical Society, Burlington 
House, London WIV OBN) 
July 11-12, Trace Elements and 


Nutrition (Dr J. D. Sutton, Hon. Pro- 
grammes Secretary, Nutrition Society, 
National Institute for Research in 
Dairying, Shinfield, Reading RG2 9AT, 
UK) 


July 12-16, 8th International Congress 
on Animal Reproduction and Artificial 
Insemination (Professor Stefan Wierz- 
bowski, 32-083 BALICE/Krakow, 
Poland, Institute of Zootechnics, De- 
partment of Animal Reproduction and 
Al) 


July 14-20, 5th International Congress 
of Radiation Research (Dr W. K. Sin- 
clair, | Secretary-General, Argonne 
National Laboratory, Argonne, Illinois 
60439, USA) 


July 15, Workshop Course on Gradient 
Centrifugation (Dr E. Reid, Wolfson 
Bioanalytical Centre, University of 
Surrey, Guildford GU2 5XH, UK) 


July 15-19, Dynamic Studies with 
Radioisotopes in Clinical Medicine 
and Research (International Atomic 


Energy Agency, Karntner Ring 11-13, 
P.O. Box 590, A-1011 Vienna, Austria) 


July 15-19, Course in Modern Micro- 


scopy (The Administrator, Royal 
Microscopical Society, Clarendon 
House, Cornmarket Street, Oxford 


OXI 3HA, UK) 


July 15-19, Centenary Celebrations of 
the Society for Analytical Chemistry 
(The Secretary, Society for Analytical 
Chemistry, 9/10 Savile Row, London 
WIX LAF) 


July 16-19, John Innes Symposium: 
Modifications of the Information con- 
tents of Plant Cells (Miss Justine 
Speed, Symposium Secretary, John 
Innes Institute, Norwich NOR 70F, 
UK) 


July 17, Society for Drug Research, 
Anti-Obesity Drugs (Dr J. R. Cavalla, 
c/o John Wyeth and Brother Ltd., 
Huntercombe Læne South, Taplow, 
Maidenhead, Berkshire, UK) 


July 9-12, Interrelation of “Structure, 





“July 21-26, 3rd International Congress 
of Plant Tissue and Cell Culture (Sec- 
retariat, Third International Congress 


of Plant Tissue and Cell Culture, 
Botanical Laboratories, University of 
Leicester, Leicester LE 7RH, UK) 


July 21-27, The Applications of Hetero- 
geneous Catalysis (Centre for Exten- 
sion Studies, University of Technology, 
Loughborough, Leics., LE11 3TU, UK) 


July 22-26, Enzyme and Fermentation 
Biotechnology Course (The Assistant 
Secretary, The Society of Chemical 
Industry, 14 Belgrave Square, London 
SW 1) 


July 22-26, Course in Photomicro- 


graphy (The Administrator, Royal 
Microscopical Society, Clarendon 
House, Cornmarket Street, Oxford 


OXI 3HA, UK) 


July 22-26, International Conference 
on Urban Development Models (Mrs 
M. Houston, Land Use and Built Form 
Studies, University of Cambridge, 16 
Brooklands Avenue, Cambridge, UK) 


July 22~-August 9, Origin and Abun- 
dance of the Chemical Elements (Pro- 
fessor Martin Rees, Institute of Astro- 
nomy, Madingley Road, Cambridge 
CB3 OHA, UK) 


July 23-31, 8th International Congress 
on Acoustics (The Administrative Sec- 
retary, Eighth International Congress 
on Acoustics, 47 Belgrave Square, 
London SWIX 8QX, UK) 


July 25-27, 29th Annual Calorimetry 
Conference (Harry Watts, Resarch and 
Development Department, Dow Chemi- 
cal of Canada, Limited, P.O. Box 1012, 
Sarnia, Ontario N7T 7K7, Canada) 


July 29-August 9, Energy: A Unified 
View (Director of the Summer Session, 
MIT, Room  EI9-356, Cambridge, 
Massachusetts 02139, USA) 


August 1-2, International Symposium 
on Microwave Acoustics (The Meetings 
Officer, The Institute of Physics, 47 
Belgrave Square, London SWIX 8QX) 


August 2-8, International Committee 
on Avian Anatomical Nomenclature 
(Dr John McLelland, Secretary of 
ICAAN Department of Anatomy, 
Royal School of Veterinary Studies, 
Edinburgh EH9 1QH, Scotland, UK) 


Erratum 


In the article “Speeding up astronomi- 
cal photography” (Nature, 249, PRA 
1974) by P. M. Corben, V. C. Reddish 
and M. E. Sim, the letters a and b on 
Fig. 2 were unfortunately interchanged 
during preparation of the illustrations 
for printing. 
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UNIVERSITY OF SOUTHAMPTON 
DEPARTMENT OF BIOLOGY 


Applications are inviied from students expecting 
to graduate in 1974 with Ist or upper 2nd class 
honours in Plant Physiology or a related subject 
for an SRC. CASE. studentship to work on 
factors influencing inflorescence and fruit develop- 
ment in glasshouse-grown tomato plants, The pro- 
ject wil be carried cut in co-operation with the 
Glasshouse Crops Research Institute, Rustington. 
Candidates will be expected to register for a 
higher degree. . 

Applications fincluding a curriculum vitae and 
the names of two referees} should be addressed as 
soon as possible to Dr. D. A. Morris, Department 
of Biology, Building 44, The University, South- 
ampton 509 SNH, from whom further details may 
be obtained. (Tel. Southampton 559122, ext. TAA 

(1960) 








UNIVERSITY OF 
NEWCASTLE UPON TYNE 
DEPARTMENT OF ZOOLOGY 


The University invites applications for the post 
of DEMONSTRATOR in the Department of 
Zoology, The appointment will be for a period of 
three years, subject to annual renewal, and will he 
tenable from September 1, 1974. Preference will be 
given to candidates experienced in comparative 
physiology. Appiucants should possess a higher 
degree or equivalent postgraduate research ex- 
perience. 

Salary will be at an appropriate point on the 
scale £1,929 to £2,223 (from October 1974 £2,118 
to £2,412) according to age, qualifications and 
experience. Membership of F.S_S.U_- required. 

Further particulars may be obtained from the 
Registrar, The University, Newcastle upon Tyne 
NEI 7RU with whom applications (3 copies), 
together with the names and addresses of three 
referees, should be lodged not later than June 8. 
1974. Please quote reference N. (1968) 














UNIVERSITY OF SURREY 


DEPARTMENT OF METALLURGY AND 
MATERIALS TECHNOLOGY 


LECTURER IN MATERIALS 
TECHNOLOGY 


Applications afte now invited for the post of 
Lecturer in Materials Technology within the Depart- 
thent of Metallurgy and Materials Technology. 

_ Preference will be given to younger applicants 
with a substantial chemistry background since there 
is a need to strengthen the teaching of chemistry of 
Materials, in particular, plastics, in the context of 
materials technology. The successful applicant will 
also have a keen interest in research, preferably 
in the field of composite materials or fibre science. 
There i a Strong research group im these fields 
within the Department and it is hoped that the 
successful applicant would strengthen this group by 
undertaking the supervision of research work and 
generating new research projects, 

The appointment will be made initially at £2,718 
per annum from October 1, 1974 for one year 
and thereafter on the Lecturer scale. ' 
_ Further Particulars may be obtained from the 
Academic Registrar (LFG), University of Surrey, 
Guildford GUZ 3XH. Tel. Guitdford TIZ8I, exten- 
Son 452. Applications, in the form of a curriculum 
vitac, including present salary and the names and 
addresses of two referees, should be. sent to the 
same address not later than June 14, 1974, (1964) 










Department of Employment 
Employment Medical Advisory Service 
Central Reference Laboratory, Bayswater 


Biochemist/Chem 


E Varied and unusual work, mainly concerned with ex 
biological samples taken from industrial workers & 
for development and applied research work in trace mel 
field. | 
















SB/7/DB. ee 
Ti Application forms (for return by 18 June 1974) from Civil $ 
Commission, Alencon Link, Basingstoke, Hants, RGar 1B, tele 
Basingstoke 29222 ext. 500 or London o1-839 1992 (24 hour answe 
service). 


Ministry of Agriculture, Fisheries and Food 
Royal Botanic Gardens, Kew 


Botanist 
E in Herbarium grasses section W Revise critical genera or group 
species W Conduct research on overall classification of grass 
including investigation of new techniques @ Assist curatori 
supervision of Herbarium collection. 
(7 ist/2nd hons degree in Botany © Final year undergraduates may 
“| Age under 27 © Appointment as Scientific Officer ({1425-£2 
review) _ Ref: SB/o/AH. o ae. 
Application forms (for return by 17 June 1974) from Civil Ser 













Commission, Alencon Link, Basingstoke, Hants, RG2r 1B, t 
Basingstoke 29222 ext. s00 or London o1-839 1992 (24 hour answeri 
service). 





Department of Employment 
HM Factory Inspectorate, Cricklewood 


@ Testing of chemical dusts and inflammable liquids Wi 


technical and scientific support for accident and explosion inv: 
tions @ Frequent travel. 


Degree, HNC or equivalent in relevant subject | 


©] Application forms (for return by 18 June 1974) from Civil Ser vice” 
Commission, Alencon Link, Basingstoke, Hants, RG2i 1JB, telepho 
Basingstoke 29222 ext. 500 or London o1-839 1992 (24 hour answermg: 


service). 


E Sampling and analysis of various toxic materials in facts 
E Limited amount of travel assisting Chemical Inspection. on 
to factories WE Development of new analytical methods may aise 
involved. 





tography, mass spectropgraphy, atomic absorption and emission spectros 
scopy advantageous T Ability to drive 7 Age under 27 O Appointment as 


Scientific Officer (£1545-£2439 under review) © Ref: SB/s/DB. 





2 Application forms (for return by 17 June 1974) from Civil Service 


Commission, Alencon Link, Basingstoke, Hants, RG21 1]B, telepho 
Basingstoke 29222 ext. s00 or London 01-839 1992 (24 hour answering 





service). l 
., CIVIL SERVICE 













COMMON SERVICES AGENCY 


SCOTTISH BLOOD 
TRANSFUSION CENTRE 


Applications are invited for the post of PRINCIPAL SCIENTIFIC 
OFFICER in the above Department. The successful applicant will be 
responsible to the Regional Director for the day to day manage- 
ment of the scientific, logistic and technical aspects of the Blood 
Bank and Blood Component Divisions in which 35 technical and 
scientific staff are employed. 


The post is on the Principal Biochemist salary scale, and NHS terms 
and conditions of service will apply. Further particulars may be ob- 
tained from the National Administrator, Scottish Blood Transfusion 
Service, 17 Rothesay Terrace, Edinburgh EH3 7SF. Applications 
with the names of 2 referees should be forwarded to the Secre- 
tary, Common Services Agency for the Scottish Health Service, 
17/18 Rothesay Terrace, Edinburgh EH3 7SF not later than 8th 
june, 1974. 


(1935) 








Antarctic Expedition 


OBSERVATORY AND IONOSPHERIC PHYSICISTS, ELECTRONIC 
TECHNICIANS AND ELECTRONIC ENGINEERS 


Qualifications: According to post from Honours Degree to O.N.C. or 
appropriate Armed Service training. 


Thorough training is given in all cases and the tour of duty covers two 
Antarctic winters involving an absence from the United Kingdom of about 
30 months. Some categories will be required to work on their field data 
for up to a year after their return from Antarctica. 


Free messing, clothing and canteen. Low income tax, 
Applicants must be single and 22 - 30. 


If you are interested in seeing a largely unknown, remote and fascinating 
part of the world please write to: 


The Establishment Officer, 
British Antarctic, Survey, 
30, Gillingham Street, 
LONDON, SWIV IHY 


Tel: (01) 834 3687 
NATURAL ENVIRONMENT RESEARCH COUNCIL 


(235) 
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DEPARTMENT OF BOTANY — 

A POSTDOCTORAL RESEARCH ASSISTANT- 
SHIP is available for three years, to Start as early 
as possible, to work in collaboration with Professor 
Boulter, on the biochemistry of protein synthesis 
in peas and beans. Chemists, biochemists and 
botanists may apply. 

Salary will be at an appropriate point on the 
scale £1.866 to £2,586 per annum (under review), 
with F,S.S.U. 

Applications (3 copies) naming three referees, 
should be sent by May 27, 1974 to the Registrar 
and Secretary. Science Laboratories, South Road, 
Durham, DHI 3LE. from whom further particulars 
may be obtained. {1963} 
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THE UNIVERSITY OF 
NEWCASTLE UPON TYNE 
CHAIR OF BACTERIOLOGY 


Applications are invited for the post of Professor 
of Bacteriology which will become vacant on 
October 1, 1974. following the retirement under 
the age limit of the present holder, Professor C. A. 
Green. The post carries with it, initially, the 
Headship of the Department of Microbiology. It 
is not a condition of appointment that the candi- 
date should hold a registrable medical qualification. 
Salary in accordance with the appropriate Pro- 
fessorial Scale (Clinical ar Non-Clinical, with 
membership of F.$.8.U, 

Further particulars may be obtained from the 
Registrar of the University. 6 Kensington Terrace, 
Newcastle upon Tyne NEI FRU, with whom appl- 
cations (18 copies), giving the names of not more 
than three referees, must be lodged not later than 
June 8, 1974. (Applicants from outside the British 
Isles may submit one copy only). (1966) 





UNIVERSITY OF NOTTINGHAM 
SCHOOL OF AGRICULTURE 


Sutton Bonington, Loughborough 


Applications are invited from students expecting 
to gain a good Honours degree in either Nutrition. 
Physiology or Biochemistry for an M.R C. student- 
ship in the Department of Applied Biochemistry 
and Nutrition to work with Dr R. J. Neale, Lecturer 
in Human Nutrition. Research interests are those 
of amino acid metabolism in undernutrition, iron 
availability from plant proteins and intestinal trans- 
port and metabolism. 

Applications in writing to be received by June 
10, 1974. {1969} 


UNIVERSITY OF NOTTINGHAM 
MEDICAL SCHOOL 


DEPARTMENT OF BIOCHEMISTRY 


POSTDOCTORAL RESEARCH 
ASSISTANT 


A postdoctoral research assistant is required for a 
project financed by the Welcome Trust for work 
with Dr. R. J. Mayer on “Studies on the turnover 
of monoamine oxidase with implications for 
migraine’, Experience in membrane enzymology 
aod immunochemical techniques would be extremely 
valuable for the work. The appointment is for 
three years beginning on October 1, (974, starting 
salary from £2,118 to £2,412 depending on age 
and experience. 

Applications, including curriculum vitae and 
names of two referees should be sent to Dr R. J. 
Mayer, Department of Biochemistry. The Medical 
School, University of Nottingham, Nottingham 
NG7 2RD. (1971) 


JUNIOR TECHNICAL OFFICER 


required in the laboratories of the INSTITUTE OF 
CANCER RESEARCH, Sutton, Surrey. The suc- 
cessful candidate will work in a department con- 
cerned with the biochemical pharmacology of 
anti-tumour agents, and should possess either ‘A’ 
levels in science subjects (chemistry and biology), 
H.N.C. (pharmacology and/or biochemistry), or 
equivalent qualifications. Salary in the range £1,299 
to £2,199, according to age, qualifications and 
experience. Applv in duplicate with the names of 
2 referees to the Secretary, 34 Sumner Place, 
London, S.W.7, quoting ref. 301/B/517. 
(1972) 


JUNIOR TECHNICAL OFFICER 


required by INSTITUTE OF CANCER RESEARCH, 
Fulham Road, S.W.3, to assist with the work in 
the Division of Molecular Biology. Experience in 
the field of protein chemistry would be an advantage 
as initially the successful candidate would be en- 
gaged in amino acid analyses. Candidates should 
have at least 2 G.C.E. ‘A’ level passes in Chemistry, 
Physics or Mathematics, Starting salary according 
to qualifications and experience approx. £1,300 to 
£1,550 in seale extending to £2,200. Apply in 
duplicate to the Secretary, 34 Sumner Place, $.W.7, 
with the names of two referees and quoting ref. 
301 /B/515, (1973) 


Nature Vol. 249 May 24 1974 


UNIVERSITY OF EDINBURGH 
DEPARTMENT OF VETERINARY 
ANATOMY 
RESEARCH ASSISTANTSHIP 


The Agricultural Research Council has 
awarded a research assistantship to the De- 
partment of Veterinary Anatomy for a project 
concerned with the mechanism: of moulity in 
mammatian spermatozoa. The work will de- 
pend principally on advanced methods in 
electron microscopy, for which training will 
be given. 

Applications ure Hivited from students who 
have, ar expect soon to have, a good Honours 
degree in Zoology or an associated discipline, 
The salary of the assistant will) be at a level! 
approximately equivalent to the value of an 
SRC. postgraduate studentship. The ap 
poimtment will be for three vears, commencing 
October F, 1974, and the successful applicant 
will be expected to register far the degree 
of Ph.D. (for which the fees will be paid). 

Applications, together with the names of 
two referees, should Be sent as Soom as 
possible to Dr D. M. Woolley. Department 
of Wetvrinary Anatomy, Royal (Dick) School 
of Veterinary Studies, University of Edinburgh. 
Edinburgh EHO IQH. Please quote reference 
number SOLS. (E979) 





JUNIOR TECHNICAL OFFICER 
required in BIOPHYSICS DEPARTMENT OF 
INSTITUTE OF CANCER RESEARCH, Sulton, 


Surrey. for work concerned with the action of 
chemotherapeutic ugents on normal and tumour 
tissues. The work involves various cell trans- 
plantation and counting techniques. Applicants 
should preferably have a degree or equivalent in a 
biological subject or alternatively considerable ex- 
perience in rulevant experimental work. Good 
canteen ay sociul facilities. Salary: according io 
M. R.C. seales in the rango £1,300 ta £2,200. Apnly 
in duplicate with names of twa referees to the 
Secretary, 434 Sumner Place, London SW? INU, 
quoting ref. 30P/B/S16. (1974) 
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UNIVERSITY OF HULL 
DEPARTMENT OF EDUCATIONAL STUDIES 


Applications are invited for appointment as 
Research Officer or Reseurch Assisiaht to work 
under the direction of Dr H. B. Miles im art 
investigation af factors associated with ‘A’ level 
performance, Famillariiy with methods of malti 
varialis analysis and compufer use fecessary: fu- 
search experience in education desirable. The post 
may interest someone with qualifications in 
Statistics, Mathematical Statistics or Operational 
Research. 


Salary on the scale: £2.88) to £3,378 (Research 
Officer). or ELSIS to £2, 223 (Research Assistant, 
with plucing according to qualifications and cx- 
perience, Plus F.S.S.U. benefits. 

pe eatin (6 copies) giving details of aye. 
qualifications ang experience together’ with the 
names of three referees should be sent by May M, 
1974, to the undersigned from whom further 
particulars may be obtained. F. T.O Mattison, 
Registrar. {1975} 


UNIVERSITY OF EDINBURGH 
DEPARTMENTMENT OF VETERINARY 
ANATOMY 
RESEARCH ASSISTANTSHIP 
DEPARTMENT OF VETERINARY 


awarded a three-year research assistantship, 
commencing October 1, 1974, to the Depart- 
ment of Weterinary Anatomy for a project 
investigating the sensory mechanisms in the 
avian respiratory tract and involving the use 
af techniques in electron microscopy and-cyto- 
chemistry, Applications are invited from 
students who have, or expect to obtain shortly 
a good Honours deeree in Zoology. Physiok ogy 
or Biochemistry. The salarv of the assistant 
will be at a level approximately equivalent 
to the value of an S R.C. Postgraduate 
studentship. The successful applicant will be 
expected to register for the degres of Ph D, 
Applications, consisting of a brief curricu- 
lum vitac and the names of two referees, 
should be sent to Pr J. MeLelland, Depari- 
rent of Anatomy, Royal (Dick) School of 
Veterinary Studies, University of Edinburgh, 
Edinburgh EH9 QH, as soon as possible. 
Please quote reference number SDIS. 
(1980) 













Scientist for 
Drug Metabolism 









We have a vacancy in the Drug Metabolism section of i (our 
Biochemistry Department for a scientist to pi = Ifa 
varied programme of work on the m 
pharmacokinetics of new and established dru 
are invited from candidates with a good honot s in 
chemistry, biochemistry or pharmacy and several “years 
post-graduate experience leading to a higher degree, ma 
relevant field of research. 

This is an excellent opportunity for someone wer 
pursue a career in this important specialised area of 
research, to join an experienced and enthusiastic ¢ 
scientists working in new well-equipped laboratories. 
postgraduate and postdoctoral experience in drug metab 
work would be an advantage, we would consider applica 
from those with experience of bioanalytical techniqu 
separation methods and isotopic tracer work who believe that 
their experience could be applied usefully to the study of 
drug metabolism. 

Roche Products Limited is part of one of the world’s largest 
and most successful research-based pharmaceutical com g 
and is itself one of the leaders in the UK. Working condit 
and Conditions of Service are excellent. In appropriate ca: 
some substantial assistance with re-location will be availa 
Please write in confidence quoting reference RB for a persona) 
history form, further information on this post and a Company 
booklet to the Welwyn Personnel Manager. 




























ROCHE 


Roche Products Limited 
Welwyn Garden City Hertfordshire AL7 3AY 





The Netherlands Cancer Institute 
Antoni van Leeuwenhoekhuis, Amsterdam. 
Applications are invited for position of a 


Senior Research 
Geneticist 


preferably with experience in immunogenetics 
for research on histocompatibility with relation 
to cancer in animals. * 
Request for further information and applications 
can be addressed to: ¢ 
Prof. O. Mihibock, 
Biology Department, 
Sarphatistraat 108, 
Amsterdam-Holland. 





(2071) 
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| University Support Division 
The Council provides selective support for research and postgraduate training 
in the natural environmental sciences. The duties of the University Support 
Division include the assistance of Council in the formulation of its policies 
for university support and the implementation of these policies. 


Two Higher Scientific Officers/Senior Scientific Officers are required in the 
“Division at the Councils Headquarters in London, which are due to move 
-to Swindon within the next few years. 

DUTIES: 

The successful applicants will be expected to assist in all the activities of 
the Division; they will each have special responsibility as Secretary of one 
of the Council’s grants committees covering the field of the Aquatic Life 
Sciences and Terrestrial Life Sciences respectively. Duties will include the 
servicing of these Committees with the assistance of executive and clerical 
staff and maintaining liaison with research workers at universities and other 
research institutes. 


QUALIFICATIONS: 

An appropriate first or second class honours degree (or equivalent) and at 
least two years relevant post-graduate experience, preferably in research 
or administration in the life sciences, 


SALARY SCALES 
HSO £2,396—-£3,029 
SSO £2,973-£4,070 


Starting salaries may be above the minimum. 


Non-contributory superannuation arrangements. Paid annual leave of 4 weeks 
and 2 days, plus public and privilege holidays. 


Application forms may be obtained from Establishments Division, NERC 
Headquarters, Alhambra House, 27/33 Charing Cross Road, London 
WC2H OAX. (Quoting reference E2/G2/105 and stating for which post 
you are applying). Closing date: 14th June, 1974. 

(1977) 


PAISLEY COLLEGE 


Applications are invited for three posts as LECTURER (Grade I or ID) 
in the DEPARTMENT OF BIOLOGY. 


i. LECTURER IN BIOLOGY. Preference may be given to a 
candidate with experience in the area of cell biology and genetics. 


ii. LECTURER IN PLANT ECOLOGY. Preference may be given 
to a candidate with interests in algology, The person appointed 
will also be expected to assist with the teaching of plant 
physiology. 


iii. LECTURER IN ENVIRONMENTAL BIOLOGY. Preference 
may be given to a candidate with experience of applied ecology 
in relation, for example, to natural resource management, or 
to animal behaviour in the field. 


Candidates should have a good Honours degree and either a second degree 

or other research experience, Teaching experience is also desirable. The 

successful candidates will be asked to share in the teaching of M_I.Biol., 

BSc. degree and HND students. They will be encouraged to develop research 
° 


in their own fields. 
Salary scales: Grade I — £1,905-£4,173 


i H — £1,773--£3,750 


Application forms and further particulars from Establishment Section, 
Paisley College of Technology, High Street, Paisley PAL 2BE (Tel. 041- 
887 1241) quoting ref. N/11/1 (indicating post i, ii, or iii). Closing date 
12th June, 1974. (1986) 
















GASTROENTERC iY UNIT 

Research assistant needed to work on projects 
involving immunglogital and biochemical technique. 
Interesting work, contact with patients. Experience 
of immunology desirable. but mot essential, Quah- 
fications: B.Sc. or HNC. Salary in the range of 
£1,173 to £2,073 plus £126 Landon Weighting. 
Please apply, with curriculum vitae. to The Director, 
M RC. Gastroenterology Unit, Central Middlesex 
Hospital, Park Royal, London NW IIO 7NS. 

(1981) 


SEALE-HAYNE COLLEGE 
DEPARTMENT OF FOOD TECHNOLOGY 
Applications arc invited for the newly created 

position of HEAD OF DEPARTMENT. The 
successful candidate will have the opportunity to 
develop the Higher National Diploma courses in 
General Food Technology and Food Technology 
with a Dairying Specialisation, both courses are 
mounted jointly with the Bristol Polytechnic. The 
post will be at the Head of Department Grade H 
level and within the present salary range of £3,345 
to £2,753 per annum (under review). Further details 
may be obtained from The Principal. Seale-Hayne 
College, Newton Abbot. Devon TOI2 6NQ, to 
whom applications should be sent as soon as 
possible. (1982) 


HEALTH SCIENCES CENTRE 


Winnipeg, Manitoba, Canada 
Applications are invited from suitably 
qualified and experienced individuals for the 
position of 


DIRECTOR OF CLINICAL 
CHEMISTRY 


in the largest Teaching Hospital affiliated with 
the University of Manitoba. 

The incumbent will direct the laboratory 
which supports clinical activities of the 
medical staf in a wide range of disciplines, 
co-operates in providing support for education 
and has an internal research programme, as 
well as supporting the research of others in 
the Centre, 

Enquiries, accompanied by curriculum vitae, 
should be directed, in the first instance. to: 

The Vice-President (Medical), 
Health Sciences Centre, 
A143, General Centre, 

700 William Avenue, 
Winnipeg, Manitoba, 

RIE O23. 





NATURAL ENVIRONMENT 
RESEARCH COUNCIL 


INSTITUTE OF GEOLOGICAL SCIENCES 
SCIENTISTS 


are required in the Institute’s Field Survey. Engin- 
eeting Geology, Applied Geophysics, Continental 
Shelf and Mineral Assessment Units. The majority 
of staff are based on London, others on Leeds, 
Edinburgh or Belfast, Most staff are expected to 
undertake field work. Opportunities for service 
overseas. Appointment will be for a three-year 
period which may in some cases be extended. There 
are prospects for a limited number of staff to 
transfer to permanent posts. 

Qualifications: Scientific Officer: Degree. H.N.C. 
or equivalent; for some posts a Ist or Ind class 
honours degree is preferred (Final year students 
may apply). Age normally under 27. Higher 
Scientific Officer: Degree, HNC. or equivalent 
(with at least 5 years’ postgraduate experience), for 
some posts a Ist or 2nd class honours degree (with 
at least 2 years’ postgraduate experience) is pre- 
ferred. Age normally under 30. Senior Scientific 
Officer: ist or 2nd class honours degree or equiva- 
lent and at least 4 years’ relevant postgraduate or 
other approved experience. Age normally at least 
25 and under 32 

Salaries (under review): Scientific Officer £1,435 
to £2,329: Higher Scientific Officer £2.221 to £2.854: 
Senior Scientific Officer £2,798 to £3,898. Starting 
salaries may be above the minima. Salaries £175 
more in London. Promotion prospects. 

The staff ef the CouncH are not Civil Servants 
although their pay and conditions of service are 
similar to those of Scientists in the Civil Service. 

For fall details and an application form fto be 
returned by June 21, 1974). write to Civi Service 
Commission. Alencon Link, Basinestoke. Hants 
RG2t 1B. telephone Basingstoke 29222, ext. 500 or 
London 1-839 1992 (24-hour answering service), 
quoting $/168/74. £1985) 
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SEALE-HAYNE COLLEGE 


HEAD OF THE DEPARTMENT OF 
AGRICULTURE 


Applications are invited for the above position 
which will become vacant on September 1, 1974. 
The person appointed will be responsible to the 
Principal for the Higher and Ordinary National 
Diploma courses in Agriculmure. There will be 
opportunities for research. The appointment will be 
made in the Head of Department Grade HP level 
and within the salary range of £3,345 ta £3,753 
per annam (under review). Further details may be 
obtained from Fhe Principal. Seale-Hayne College. 
Newton Abbot. Devon TOI GNO, to whom appli 
cations should be sent as spon as possible. 

(1983) 
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TECHNICIAN 


with HANC. or equivalent qualification required to 

work on problems in chemical carcinogenesis mainiy 
using cullured cells. Fissue culture or mieri 
binelagical experience preferred. Salary on Whitley 
Council Seales in the range £1,566 to £1,971 paa. 
according to age and experience. Applications, 
together with the names ef twa referees. to Dr 
3 P. Roscoe, Schoof of Patholouy (Nh The 
Middlesex Hospital Medicai School, Riding House 
Street, London WIP FLD. {1989} 


UNIVERSITY COLLEGE 
GALWAY, EIRE 


HUMAN CYTOGENETICS UNIT 
TECHNICIAN: 


Applications are invited for the above post 
af Technician im the Human Cytogenetics 
Unit in the Microbiology Department. come 
mencifg. salary within the scale £1668 x 72 - 


£1,983 funder review). 

Qualifications: Technician’s Certificate of 
Department of Education. Science Babo- 
ratories Technician’s Certificate of City 
and Guilds. Intermediate cxarnination of 
the Tnstitute of Medical Laboratory Tech- 
nology, National Certificutd in Medical 
Laboratory Sciences or oquivalent. 

Experience of Human Cytogenetics of photo- 

graphy desirable but not essential, 

Full details and application fare: from Secre- 

tary, Department of Microbiology, University 

College, Galway, Eire. £1999) 





HARVARD MEDICAL SCHOOL 


Applications are invited for two new positions 
as Assistant Professors i the Department of 
Microtigiogy and Molecular Genetics, Harvard 
Medical School, Boston, Mass. The applicants 
should have either an MLD. or PRD. degree and 
have demonstrated capacity for independent research 
in animal cel} viruses or aspects of macromolecular 
contrel mo animal cells. Responsitilities inclade 
leaching of graduate and medical students. Write 
Dr Jon Beckwith, Dem. of Micrabiclosy and 
Molecular Genetics, Harvard Medical School, 25 
Shattuck Street, Boston. Mussachusetts O2114 and 
include a complete curriculum vitae with publica- 
tions and the names and addresses of three 
references, l 

An Equal Opportunity, Affirmative Action Em- 
plover, (1995) 


martni 
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CHAIR OF ANA’ TOMY 


Medical College and large teaching hospital in 
major medical center is considering applications far 
the chair of anatomy. Rush-Preshvterian-St. Luke's 
Medical Cemer is an equal opportunity/affirmative 
action employer. Por farther information please 
comtact Dr. J. Francis Hurtmann, . Chairman of 
the Anatomy Search Committees, Rush-Presbyterian- 
St. Luke's Medical Center. e/o Department of 
Neurology, 1783 West Conuress Parkway, Chicago 
Ilinois 60612 USA. res ae 
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UNIVERSITY OF NOTTINGHAM 
MEDICAL SCHOOL 
DEPARTMENT OF BIOCHEMISTRY 


POSTDOCTORAL RESEARCH 
ASSISTANT 


A postdoctoral research assistant is: required for 
a Protect financed by the Wellcome Trust for work 
with Dr. R. J. Mayer on ‘‘studies on. the turnover 
of monoamine oxidase with inntications for 
migraine”. Experience in membrane: enzymology 
and immunochemical techniques would ibe extremely 
valuable for the work, The appointment is far 
‘three years beginning October fst. 974, starting 
salary from F2JIR to £2412 depending: on age and 
experience. 

Applications, including carrieuiuan yitae and 
names ef two referees should be sent to Dr R. J. 

Mayer, Department of Biochemistry, The Medical 
School. University of Nottingham, Nottingham, 
NOT 2h. | (1997) 

































NEW ZEALA 


Department of Scientific and Industrial 


cientis 


The Cement and Concrete Section of the Chemistry Division, 
Lower Hutt, has a vacancy for an Analytical Chemist with 
experience in the analysis of ceramic, cementitious or 
non-metallic materials and in the application of modern 
instrumental techniques. Duties would be to develop and 
apply analytical methods and work with a group conducting 
investigation into the effects of chemical properties on the 
physical behaviour of concrete and allied products. 











Qualifications: minimum of a good Honours degree. 


Salary: up to NZ$8568 p.a. dependent on qualifications 
and experience. 


Further details of the position and passage assistance elC, may pe 
obtained from the 


Scientific Liaison Officer, 
New Zealand House, Haymarket, 
London SW1Y 4TQ. 


Applicants should quote Vacancy No. 2/279/2079 and f ‘arward 


applications to the High Commissioner for New Zealand By 
July 23, 1974 (1996) 
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it Public Service Fonction put 
Canada Canada 


This competition is open to both men and women 


Research Statistician 
St. John’s, Newfoundland 
Salary up to $24,262 


DUTIES: The Newfoundiand Biological Station requires s scientist to 4 l 
studies in statistical theory and methodology in response to problems afising in 
research: act as statistical consultant to scientific and professional staff; direct tne 
of a computer terminal; to develop specifications for statistical and mathemat icat g 
programs: to supervise the operation of a data processing unit. 
















QUALIFICATIONS: Include a Doctorate degree, or a lesser degree with related budeperuteri 
research experience equivalent to that required for a Doctorate degres, w “wh g 
in an area related to the duties of the position. Knowledge of the English language i 
To ensure consideration, please forward Application for Employment’’ (Porm PSCeM 
available at Post Offices, Canada Manpower Centres, Public Service Comensa of a 
offices, or a detailed resumé before JUNE 28, 1974, quoting reference number Yo. 1B 
and send it to: ° 
Sciences and Technology Program, 
Public Service Cofnmission of Canada, 
Tower A”, Place de Ville, 


` Ottawa, Ontario, KIA OM7. 


Appointments as a r@sult of this competition are subject to the provisions 
Service Employment Act. 
%~6 *¢ 














Applications are invited for a permanent and pensionable post in 
the Biometrics Division of the Department of Agriculture, Northern 
Ireland. 


The successful candidate will be concerned mainly with the 
following: l 


(1) design and analysis of laboratory and field experiments and 


surveys; 


(2) the statistical assessment of genetical studies on poultry, cattle 


and herbage plants; 


(3) the development and application of computer based systems for 


handling scientific and other data associated with research and 
development in Agriculture, 


The successful candidate may be required to undertake teaching 
duties in the Faculty of Agriculture, The Queen’s University, Belfast. 


Appointment to the post may be at Senior Scientific Officer, Higher 
Scientific Officer or Scientific Officer level, the qualifications for 
which are: 


SSO Over 25 and under 32 years of age with a first or second class 


HSO 


SO 









5B 


Honours Degree or equivalent in mathematics or biology with 
specialisation in and/or experience of statistics with special 
reference to the design and analysis of experiments and surveys. 
Candidates at this level should have at least 4 years relevant 
post-graduate experience. 


Under 30 years of age with an Honours Degree as above and 
at least 2 years relevant post-graduate experience. 


Under 27 years of age with an Honours Degree as above. 


Grading and commencing salary will be related to qualifications and 
experience on the following scales: 


SSO €2,798-£3,895 HSO £2,221-€2,854 SO £1,435-£2,329 


Please write or telephone for an application form, quoting Ref. 


136/74/N to the Secretary, Civil Service Commission, Clarendon 


House, Adelaide Street, Belfast BT2 8ND (telephone 0232-44300, ext. 
26). Completed forms must be returnd to arrive not later than 
30th May, 1974. 


(1988) 





RTHERN IRELAND 


Agricultural Research Council 
POULTRY RESEARCH CENTRE 


_ Applications are invited for the following posts within the Scientific Officer class in the 
Nutrition Section of the Poultry Research Centre:- 


Post “A” 


Post “RB” 


Past “C™ 


Salary: 


The duties will mitially be studies on the value of non-conventional foods for market 
turkeys and ducks and ecast/effectiveness studies on eee production. Candidates 
should have a good Honours degree (and preferably a Ph.D.) in a biological 
subject, 

The duties will initially be to assist with studies to assess the vitamin requirements 
of poultry and te correlate growth and biochemical criteria with vitamin status. 
Candidates should have a pass degree. HNC or equivalent in a chemical subject. 


The duties will initially be to assist with studies on the feeding of broiler and 
turkey breeders and on the cost/effectiveness of poultry meat production. 
Candidates should have a pass degree, HNC or equivalent in a biological subject. 


Post A” Higher Scientific Officer £2221 - £2854. Senior Scientific Officer £2798 - 
£3895. Starting salary according to qualifications and experivnce. AL 
least 2 years post qualifvings experience is required for appointment at 
| | HSO, and 4 years for SSO. 

Posts “B” Scientific Officer £1435 - £2329, starting salary according to qualifications 
& “C” and experience. ë l | 


All posts are superannuable, with a nomepensionable allowance to offset personal 
contributions. è 


_ Application forms, which may be obtained from the Seeretary, Poultry Research Centre, 
King's Buildings, West Mains Road, Edinburgh EH9 US, and stating the post far which 
the application is made, should be completed and returned to him fet later than the isi 


May 1974, 


(19933 





Required to fein g 


woup studying male, reproduc- 






tien and fertility control. Previous experience m 
harmony assays of advantage. Knowledge of Ger- 
man net required. Salary range: DM. 2000-—3000 
per month Apply to Dr. E. Nieschiag. 2. 
Medical Clinic of the University, Moorenstrasse 5, 
4 Dusseldorf (Germany). (1994) 





THE UNIVERSITY OF MANCHESTER 
INSTITUTE OF SCIENCE AND TECHNOLOGY 


DEMONSTRATOR IN 
BIOCHEMISTRY 


Applicants with some experience of biological 
research und a degree or equivalent qualification 
are invited to apply for the above vacancy im the 
Department of Biochemistry. which becomes avail- 
able from ist October, 1974. 


Commencing Salary: £1,764 per annum with 
F.S.S8.U. rising to £1,839 per annum for 
the second and any subsequent years. 

Letters of application stating qualifications and 

experience, together with the names and addresses 
of twa referees should be forwarded to Professor 
A. A. Eddy, Department of Biochemistry. 
ULM.LLS.T.. Sackville Street. Manchester M onr 
98} 


srera rei naaa 


UNIVERSITY OF NATAL 


Durban 
DEPARTMENT OF BIOLOGICAL SCIENCES 


Applications are invited from suitably qualified 
persons for appointment to the two posts of 
1. LECTURER 
2. SENIOR LECTURER 
Preference will be given to applicants in the 
ficld of ecology (preferably marine ecology) and 
in the field of whole-organism biology. Applications 
will be considered from persons with predominantly 
zoological or botanical teaching experience, bul an 
interest im the presentation of integrated biology 
courses is essential. 
The salary scales attached to the posts are: 
R4800 x 300 - R6900 


R6600 x 300 - R8100 
+ 15% pensionable allowanec. 


Lecturer; 
Senior Lecturer; 


The commencing salary wil be dependent upon 
the qualifications and experience of the successful 
applicants. The senior most may be awarded in 
either of the required fivlds. An annual vacation 
savings bonus up to R260 for married men and 
R130 for women and single men is payable subject 
to Treasury regulations. 

Application forms, further particulars of the past 
and information on pension, medical aid. staff 
bursary, housing loan and subsidy schemes. long 
leave conditions and traveling expenses on first 
apnomiment are obtainable from the Registrar, 
iniversity of Natal, King George V Avenue, Dur- 
ban, to whom applications should be submitted by 
Sth July, 1974, quoting Reference Adv. 67/74. 

(2000) 


BIO-RESEARCH LABORATORIES 
LTD. 


CANADA 


Applications are invited from qualified Veterinary 
Pathologists interested in joining the Department of 
Toxicology in the capacity of Staff Pathologist. 
Responsibilities wil include techncal supervision of 
Autopsy Room and Histology Laboratory personne! 
and activities. Principally, however, the successful 
candidate will be responsible for the evaluation of 
histological specimen material arising out of toxi- 
cological research in a variety of laboratory animal 
species and for the preparation of reports appro- 
priate to the research in question. Salary will be 
commensurate with qualifications and experience, 

Bio-Research Laboratories Ltd. is a Canadian 
research company operating in the life sciences 
field, Applications, curricula vitarum and requests 
for further details may be directed to Dr. C. L 
Chappel, Director, Bio-Research Laboratories Ltd.. 
265 Hymus Blvd, Pointe Claire, Quebec, Canada 
HYR 1G6. (1799) 


THE UNIVERSITY COLLEGE 
OF WALES 


Aberystwyth 


DEMONSTRATOR IN 
BIOCHEMISTRY 


Applications are invited for the post of Demon- 
strator in the Department of Biochemistry and 
Agricultural Biochemistry. Applicants should hold 
an Honours Degree or equivalent analification in 
Biochemistrv, Chemistry or related disciplines. 

Salary: £1.788 to £1.923 pa. Appointment for 
one year, renewable up to three years. 

Further particulars and application forms can be 
obtained from the Registrar, Closing date: hme 7. 
1974, (20138) 
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UNTOR TECHNICAL OFFICER 
Pollards Wood Research Station of 
VTE OF CANCER RESEARCH, Chalfont 
Jiles, Bucks. to take part in a research pros 
mme on mutagenic effects of carcinogens. B.Sc. 
t cHENLC. in biological subject. Experience jn 
genetics, eytalogy or cell biology desirable. Starting 
y £1,400 pa. in a scale extending to £2,075, 
rding to Qualifications, age and experience. 
pply in duplicate with the names of two referees, 
ov ty ihe Secretary, 34 Summer Place, London SW7 
SNL quoting ref. 301/B/S18. (2017) 
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ST. BARTHOLOMEW S HOSPITAL 
West Smithfield, London ECLA 7BE 
ELECTRONICS ENGINEER 
Applications are invited from honours graduates 
in Electronic Engineering, or Electrical Engineering 
er Physics for the above research post in the 
Department of Medical Electronics. The research 
programme involves the application of electronic 
techniques to clinical medicine in. ultrasonics, trans- 
ducer design and signal processing. The successful 
applicant will be expected to be involved in circuit 
design for the research programme carried aut in 
the Department as well as initiate his own research, 
: ble research work may be considered for a 
_ degree. Previous hospital experience is not 
oaitbough industrial experience would be an 








Phe appointment will be on the scale £1,764 to 

Applications in writing naming two referees, to 
the Personne! Office, quoting ref. RASS 
SRE (20183 


Se trp ag 
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UNIVERSITY OF LIV ERPOOL 
Chair of Clinical Pharmacology 


Applications are invited for the Chair of Cirigal 
Pharmacology which will become ‘vacant on Sep- 
tember 30, 1974. following the retirement of 
Professar A. Wilson, 








Perrone te 


The salary of the Professor will he within the 
range approved for clinical Professorial salaries 
and intially will depend on the qualifications and 
experience of the successful candidate. 


Applications (16 copies}, together with the names 
of three referees, should be received not later than 
June 3. 1974 by the undersigned, from whom further 
particulars may be obtained. iC ane overseas 
may send one copy only, by airmail). Quote ref, 
RVIN/276015, 


H. H. Burchnall, 

Registrar, 

The University, 

P.O. Box 147, 

Liverpool L 69 BX, 7 (E872) 








UNIVERSITY OF OXFORD 

DEPARTMENT OF BI OC HEMISTRY 

M.R.C. IMMUNOCHE?} MISTRY UNIT 
A vacancy exists for a Junior Technical Officer / 
Technical Officer in the above umt. Applicants 
should be qualified to Higher National Certificate 
standard and have several vears’ experience in 
tiochemical/analytical techniques, including spectro- 
photometry, chromatography and radiachemistry. 
Some knowledge of protein chemistry and an 


ability to work with small animals is desirable, 
but not essential. 





Salary, according to age and experience. on the 
scale £1,834 to £2,073 (bar) £2,184 to £3,087 (ander 
review. Applications, mcluding full | details of educa- 
tion and career to date, and the names of two 
referees, to: The Administrator, Bepartment of 
Biochemistry, South Parks Road. Oxford OX? IOL. 

(1891 
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UNIVERSITY OF LONDON 
King’s College 

RESEARCH ASSISTANT IN 
PHARMACOLOGY 


Applications are invited from graduates in the 
biological sciences for the above post im connection 
with a research project on nicotine: dependence. 
Applicants should have at least two years experience 
in posteraduate research and preferably have some 
knowledge of neurotransmitter estimation or radio 
immunoassay techniques. 


The post is for a period of three years. Salary 
approximately £2.100 rising by yearly increment s of 
£125 pus F. 3S U, benefits. 


rit srona apply in writing.. Gnelading a 
ando names of two academic 












; M. Littleton, Department of 
ay OND, King’ s College, Strand, London 
ETS {2022} 





Agriculture 


Applications are invited for a permanent and pensionable post in 
the Crop and Animal Husbandry Division, Northern freland. 
The successful applicant will undertake work on pig pro 
with special reference to increased efficiency, and will be : 
to undertake teaching duties in the Faculty of Agriculture, 


University, Belfast. 


Appointment to the post may be at Senior Scientific Oficer, 
Higher Scientific Officer or Scientific Officer level, the qualifications. 


for which are: 


SSO Over 25 and under 32 years of age with a ist or 2nd Cla ass 
Honours Degree in Agriculture and at least 4 years post 
graduate experience, preferably in relation to pig production, 


HSO Under 30 years of age with an Honours Degree as above and 
at least 2 years relevant post-graduate experience, 
SO Under 27 years of age with an Honours Degree as above. 
Grading and commencing salary will be related to qualifications 
and experience on the following scales: 
SSO £2,798-£3,895 HSO £2,221-£2,834 50 £1,435-£2,529 
Please write or telephone for an application form and further 
information, quoting Ref. SB 135/74/N to the Civil Service Cerme 
mission, Clarendon House, Adelaide Street, Belfast BT2 8ND (tals 
phone 0232-44300, ext. 26). Completed forms must be returned to 
arrive not later than 28th May, 1974. ( 1987) 


Our Toxicology and Drug Safety 
Unit is expanding and has recently 
moved into new, well-equipped 
fe laboratories; an additional, patholo- 
Ee gist is now required to assist in the 
= assessment of the safety of novel 
pharmaceutical compounds. 

His (or her} main duty will be in the 
interpretation of histopathology but 
candidates should display an interest 
in the development of specialised 
procedures in related fields. 


The successful applicant is likely to 
possess a degree in veterinary 
medicine or in a relevant Biological 
science and ideally would have prior 









John Atkinson 
Site Personnel Officer 
Beecham Research Laboratories 
The Pinnacles 
Harlow 
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experience in histology or 
pathology; however, further tr 
can be arranged where necessary. 
A competitive starting salsy we 
paid, together with the fringes be 
which one associates with a i 
British-based company. The A 
cinal Research Centre is loceted 
mile from Harlow New Tower 
Development Corporation pire 
may be available to suiteble ce 
dates at an economic rent. 

lf you would like to be considered 
this post, please write, outlining 
career to date, to i 























































THE FACULTY OF MEDICINE 


Applications and nominations are invited for the positions of 
Professor and Head, Division of 


MORPHOLOGICAL SCIENCE 


and Professor and Head, Division of 
PHARMACOLOGY & THERAPEUTICS 


The successful applicants will be expected to have an in- 
terest in undergraduate and graduate medical education 
and to be a well-established and active investigator. 


The positions are to be filled Sept. 1/74 or as soon as 
possible. Salary will be according to qualifications and 
experience. 


Nominations and/or applications will be received by Dr. 
L. E. McLeod, Dean, Faculty of Medicine, The University 
of Calgary, Calgary, Alberta, TZN 1N4, Canada, until july 
|, 1974. Applications are to be accompanied by a detailed 
curriculum vitae. 





THE UNIVERSITY 
¥ 
(2027) 





OF CALGARY 





N.M.R. SPECIALIST | 


We are seeking a person, preferably at post-doctoral level, who is farniliar 
with the use of a variety of modern N.M.R. instruments and techniques 
such as Fourier Transform equipment, and highly skilled in the interpre- 
tation of spectra. He must be interested in the application of these tech- 
niques to problem-solving in synthetic organic chemistry. An interest in 
the application of N.M.R. to biological problems related to medicinal 
chemistry would also be an advantage. 


The job will involve supervision of the N.M.R. laboratory within the 
Analytical Department of the Scientific Development Group and the 
successful candidate will give advice on future expansion of this labora- 
tory in line with current developments in the N.M.R. field. 


We are a major international pharmaceutical company, part of the AKZO 
organisation and our laboratories are situated on the main M8 Edinburgh- 
Glasgow road. We offer a salary based on qualifications and experience, 
commensurate with the responsibility of the position. Conditions of 
employment are in keeping with the best modern practice. 


Assistance with any relocation expenses will be given. 


Write with details of age, qualificationg and career to date to:— 


Personnel Manager, 


Organon Laboratories Limited, m 
Newhouse, MLI 5SH, Lanarkshire. 





(2028) 












: QU EEN “MARY COLLEGE 
“University of London 


~~ ORGANIC ELECTROCHEMISTRY 


Applications are invited for an SRC supported 
Postdoctoral Research Fellowship for collaboration 
with Dr. J. H. P. Udey on the development of 
aspects of cathodic synthesis, A versatile organie 
or physicaborganie chemist is required. Appointment 
is for 2 years from October p, 1974. Salary withia 
range £2.118 to £2.412 pa. plus £162 London 
Allowance. 

Applications (giving age. qualifications and names 
and addresses of 2 referees) to The Registrar (Nì. 
Queen Mary College, Mile End Road. London El 
ANS, (2021) 
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DALHOUSIE UNIVERSITY 
Nova Scotia, Canada 
DEPARTMENT OF ANATOMY 
TWO ASSOCIATE OR ASSISTANT 
PROFESSORS 


Applications are invited from persons with a 
Ph.D. or a professional qualification for the above 
positions. Duties may include the waching of 
Anatomy to Medical, Dental or Paramedical 
students. An ability to leach gross anatomy and a 
research interest in the nervous system would be 
an advantage. Salary (minimum $15,000) und rank 
commensurate with experience. Applications toucther 
with curriculum vitae and the names of two referees 
should be addressed ta Dr. D. G. Gwyn, Depari- 
ment of Anatomy. Dalhousie University, Halifax. 
Nova Scotia, Canada by June 20. 1974. (IRAI? 
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COMMONWEALTH AGRICULTURAL 
BUREAUX 
Vacancy for 
SCIENTIFIC INFORMATION 
OFFICER 
at the 
COMMONWEALTH BUREAD 
OF SOILS 


Rothamsted Experimental Station 
Harpenden, Hertfordshire 


Duties: Preparing abstracts for the abstracting 
journal “Soils and Fertilizers’, which covers world 
scientific Hiterature on sails and soil-plant relalion- 
ships, and dealing with sciontific enquiries within 
these ficlds. 

Qualifications: A degree jn sos oF in agricultural 
science, or in scienees basic to these. Ability to 
write good and concise Engish essential The 
successful candidate may be required to varn a 
foreign language. Experiunes or trainin meo in 
formaton work. including subject indexing. would 
bo an advantage, 

Salary: In scale £1.438 to €2.592 (bar) £2,798 to 
£3,478 fhar) €3.7456 to £4,004, plus a compensatory 
allowance (taxable but not superannuable) of 43% 
ty offset personal contribution to FPSS U. Starting 
salary according to qualifications, experience and 
agu, 

Application forms: and full particulars from the 
Secretary, Commonwealth Agricultaral Bureaux, 
Farnham House, Farnham Royal. Slough SLZ JBN. 

Closing date for applications: June 14, 1974, 

(PRES) 

UNIVERSITY OF SURREY 

Guildford, Surrey GU2 5XH 
DEPARTMENT OF CHEMISTRY 


Applications are invited for a Science Research 
Council Postdoctoral Assistaniship for work with 
Professor J. A. Flvideye and Dr. J. R. Jones on a 
study of trifium exchange in heterocyclic com- 
pounds. The appointment is available: from {710/74 
and will be for either one or two vears. Salary 
£2,048 by £165 plus PS SU Applications together 
with curriculum vitac and the names and addresses 
of iwo referees should be sent as soon as possible 
to one of the above-named persons. (1882) 


UNIVERSITY OF EAST ANGLIA 
SCHOOL OF ENVIRONMENTAL SCIENCES 


Applications are invited for the position of 
Senior Research Associate to conduct research 
on a NERC supparted project to investigate the 
chemistry of the sea surface microlayer. The post 
is suitable fer someone with first degree training 
in chemistry and relevant post-graduate ex- 
perience in chemistry or oceanographic / afmos- 
pheric sciences. Knowledge of gas chromatographic 
technigues would be an advantage. The appoint- 
ment is for ane year initially. but is renewable 
for a further vear. Salary will he on the scale 
£1.920-£2.293 per annum plus FSSU. 

Further information is available from Dr. P. S. 
Liss, School of Environmental Sclences, Univer- 
sity of East Anglia, Norwich, NOR 88C, to 
whom applications, quoting two referees, should 
be sent fo arrive as soon as possible, but not 
later than 13 June 1974, (2046) 










|. NATURE CONSERVANCY 
ZZ COUNCIL 


Scientific Officers/Higher Scientific 
Officers 
SALARY RANGE £1445 - £2854 


Applications are invite 
posts in the Nature Conservancy Council: 

_ Scientific Offic her Scientific Officers, 
‘Geology & Physiography Section. 

The work of the Section includes the it- 
spection, evaluation, selection’ and conserva- 
tion of areas oto geological importance, the 
provision of f t advice and Haion with 
Government, University and other geologists 
and geographers and with land owners. The 
duties do not inchide geological and physio- 








d for the following 






graphical research, 

Candidates for Scientific Officer posts should 
27 years of age with a degree (or 
yin Geology and/or Physical Ger- 
‘ox Higher Scientific’ Officer posts 
~shouki be under 30 years of age 
he above qualifications and at least twa 
rélevant post graduate ‘experience. A 
eutrent driving Licence is essential. 

Starting salary according to qualifications 
and experience, 


Application forms and further particulars 
are available from Establishments (53, Nature 
Conservancy Council, 19 Belgrave Square. 
London SWIX 8PY. Please quote reference 
number 62/03/02. 


Closing date for completed application 
forms: 14 June 1974. (2034) 











UNIVERSITY OF KEELE 
There will be two vacancies for Demonstrators in 
Geology from October 1, 1974. Applicants should 
possess good Honours degree and be keen to carry 
out research. Preference given to those particularly 
interested in mineralogy, petrology, or structural 
geology though others will be considered. Salary 
£1,626 per annum. Further particulars and appli 
cation forms from the Registrar, The University. 
Keele, Staffs, STS S5BG. to whom completed appli- 
cations should be returned by June 20, 1974. 
(2062) 





UNIVERSITY OF BIRMINGHAM 
ADMINISTRATIVE POSTS 
CENTRE OF WEST AFRICAN STUDIES 


to assist Director of a multi-disciplinary Centre— 
duties include student admissions, the administration 
of the Centre, the Centre Library: salary in 
Administrative HT up to £2,412. . 


SCHOOL OF BIOLOGICAL SCIENCE 
to assist the Chairman of an undergraduate Schoo! 
of six dupartments—-duties include admissions, gx- 
aminations, committee work, financial records: 
salary in Administrative IH. 
DEPARTMENT OF PHYSICS 

to assist the Head of a large science department 
(ec. 150 non-academic personne!) duties may include 
committee work, budgeting, graduate admissions, 
personne! work, conference organisation, Salary in 
Administrative H or Uf | 

Candidates should be graduates preferably with 
Previous administrative experience. Salary scale 
(after August) Administrative IH £1953 to £3285: 
Senate TE £2,580 to £3,990 pa. with 


Further particulars and application forms avail 
able from Senior Assistant Secretary, University of 
Birmingham. P.O. Box 363, Birmingham BIS FTT 
to whom forms should be returned by June 7. 

(2063) 


Postdoctoral Research 
Assistant 


A Postdoctoral Research Assistant is re- 
quired for the Division of Cellular Biology 
for research into the cellular biochemical 
response of synovial cells to phagacvtosis of 


immune complexes. The appointment is for 
one year in the first instance. The work in- 
volves maintenance organ culture and miero 
densitometry and is part of 4 programme of 
work on the biochemistry of human rheuma- 


toid synovium. Applications. inchidiny the 
names of two referees, ta The General Seere- 
tary, Kennedy Institute of Rheumatology, 
Bute Gardens, Hammersmith, London W6 
TDW.: (2044) 








PRR rea P 


Research 


Section Head, £4000+ 


Qur cardiovascular teams have 
proved themselves capable of 
identifying new approaches to the 
treatment of heart disease. Ít is 
intended that these teams will form 
the basis of a new section in the 
aepartment of Pharmacology and 
Biochemustry. 

We need an established 
pharmacologist, someone with a 
minimum of 4 years’ post-doctoral 
experience. capable of giving 
excellent leadership to this section. 
Good managerial potential is 
expected since the section will 
probably expand. 

Future growth of cardiovas- 
cular research in Fisons will depend 
largely on your drive and creative 
ability. A contribution to other fields 













of drug research will aiso be expect- 
ed through interaction with senior 
scientists in other departments. 

starting salary will be over 
£4000; benefits, including contrib- 
utory pension, welfare schemes and 
expenses towards relocation are 
excellent. 

Please write or telephone for 
an application form. quoting 
reference 355R: 

John Mils, Personnel Manager. 
Fisons Limited, Pharmaceutical 
Division, Bakewell Road. 
Loughborough, Leics. 

Tel: Loughborough 6636) 
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EDITOR 


required by chartered Society for monthly journal and news-sheet, an 
review, Colour Index, text books and other publications on chemistry 
technology of dye and pigment manufacture and application, al 


world-wide circulation. 


Salary depending on qualifications and experience, but not less 


£2,500, 


Apply in writing to Honorary Secretary, Society of Dyers and Colour 
P.O. Box 244, 82 Grattan ve 
BDI 2JB, marking envelope ‘Confidential’. (24) 


Perkin House, 





UNIVERSITY OF SIERRA LEONE 
Njala University College 


Applications are invited for SENIOR LECTURE- 
SHIPS/LECTURESHIPS IN THE DEPARTMENT 
OF PHYSICS. Applicants must possess a good first 
degree in Physics, ic. first or second class honours 
and must have some teaching experience jn a 
University, Preference will be given to applicants 
with a higher degree. Appointees will be expected 
to teach any branch of Physics at general degree 
level. Salary scales: Senior Lecturer Le4.§50 to 
LeS.400 pag Lecturer Le2.400 to Le4,740 pa. Œi 
sterling =Le2i. The British Government may supple- 


ment salary of Senior Lecturers by £1,600 p.a. 
(sterling) for married appointees or £1,000 pa. 
(sterling) for single appointees (normally free of 


all tax) and provide children’s education allowances 
and holiday visit passages. These supplementation 
rates are currently under review, This supplemerta- 
tion is unlikely to be apphed to appointments at 
Lecturer level. Superannuation scheme or gratuity: 
various allowances, family passages: biennial o®er- 
seas leave. Detailed applications (2 copies), inchugling 
a curriculum yitac and naming 3 referees, should 
be sem by airmail, not later than June 10. 1974, 
to the Secretary, University of Sierra Leone. Private 
Mail Bag, Wreetown, Sierra Leone. Applicants 
resident in DRK. should also send i copy to inter- 
University Council, 90-91 Tottenham Court Road, 
London WIP ODT. Further particutrs may be ob- 
taiscd from either address. + (2065) 
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Road, Bradford, Y o ; 
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SUNDERLAND POLYTECHNIC 
SCHOOL OF PHARMACY 


LECTURER I or If IN 
PHARMACOLOGY AND 
PHYSIOLOGY 


Preference will be given to gr 
macy but applications from g 
cology will be considered. Ar 
relevant postgraduaie qualiicathons 
perience. l 

The appointee will be required to perti 
the teaching programme of the Departing B 
includes honours degree courses in Phatracy, 
Pharmacology and Physiology. 

Appointment will be from September T 
or as soon as possible thereafter. Resee 
consultancy are encouraged. 

Salary will be in accordance with the. 
Technical Scale (at present under review’, 

Lecturer Grade 1—£i.868 i ELR, 
Lecturer Grade T--£2.518 po £3,383, 

The Education Authority is prepared 
successful candidate) with removal è 
temporary lodging allowance. 

Further particulars and an application i 
be obtained from the Personnel Office 
Polytechnic, Chester Road, Sunderinnd a 
aged should be returned not later then Ji 



















































CSIRO 
AUSTRALIA 
RESEARCH SCIENTIST 


Commonwealth Meteorology 
Research Centre 
Melbourne, Vic. 


The Commonwealth Scientific and Industrial Research Organization has 
a broad charter for research into primary and secondary industry areas. 
The Organization has approximately 6,500 employees—2,100 of whom are 
research and professional scientists—located in Divisions and Sections 


"D ë Dynamic 
eteorology 


(Atmospheric/Pollution/Chemistry) 





GENERAL: 

The Commonwealth Meteorology Research Centre is a joint venture by 
the Commonwealth Scientific and Industrial Research Organization Divi- 
sion of Atmospheric Physics and the Commonwealth Bureau of Meteor- 
ology carrying out research in dynamical meteorology. 


Current activities involve the development and use of general circula- 
tion models with major emphasis being placed on their use for geophysical 
experiments and the attainment of an improved understanding of atmos- 
pheric behaviour. In addition a large effort is devoted to the development 
and operational implementation of weather forecasting models and re- 
search into the problems of obtaining and assimilating initial data into 
such models. 


DUTIES: 

To undertake research in the General Circulation Group on dynamical 
problems associated with atmospheric composition and pollution. Several 
numerical general circulation models are available and the-appointee will 
be expected to use these to investigate the possible effects of pollutants 
on the climate, and to develop expertise in relevant atmospheric com- 
positional problems with a view to incorporating appropriate chemistry 
into the model. 


QUALIFICATIONS: 

A Ph.D degree or equivalent qualifications, and demonstrable research 
ability, preferably in the field of meteorology or fluid dynamics. Some 
experience in Atmospheric Chemistry would be an advantage, 


SALARY: 

The appointment will be made within the salary ranges of Research 
Scientist or Senior Research Scientist: $A9,380-$A14,290 p.a. Outstanding 
applicants may be offered appointment at a higher level, 


TENURE: 
Either a fixed term or an indefinite appointment may be negotiated. An 
indefinite appointment carries Australian Government Superannuation 
benefits. 


Applications stating full personal and professional details, the names 
of at least two professional referees, and quoting Reference Number 424/ 
V5 should reach: 

The Personnel Officer, 


Australian Scientific Liaison Office, 


64-78, Kingsway, ° 
London, 
WC2B 6BD ° 


n by the 21st June, 1974 

Applications in U.S.A. and Canada should be sent to e 

The Counsellor (Scientific), 

Embassy of Australia, 1601 Massachusetts Avenue, N.W., 
+ 


+ 
Washington, D.C. 20036, U.S.A. (2086) 










UNIVERSITY COLLEGE CARDIFF 


Applications are invited for the following 


vacaticy:- 

TUTORIAL FELLOW 
in the Department of Geology (Caledonian 
geology and/or Geophysics). Salary Range 
F131 - £1473. Duties to commence as 5008 
as possible. Closing date for applications 15 
June 1974. 

Applications, together with the names and 
addresses of two referees, should be for- 
warded to The Registrar. University College, 
P.O. Box 78, Cardiff, CFL IXL from whom 
further particulars may be obtained. Please 
quote ref. O566. (2058) 















UNIVERSITY OF SIERRA LEONE 
Fourah Bay College 


Applications are invited for LECTURESHIP IN 
GEOGRAPHY. in any branch of the discipline, 
although preference will be given to those with a 
teaching and research interest in (aj Geomorphology, 
th} Climatology / Hydrology: or (c) Social Geography. 
Appointee will be expected to teach both General 
and Honours degree students and conduct research 
in the chosen field. Salary scale: Le2,400 to Le4,740 
pa. (£1 sterlings:Le2). The British Government 
may supplement salary in range £950-£1,300 p.a. 
(sterling) for married appointee or £350-£700 pa. 
(sterling) for singile appointee (normally free of 
all tax) and provide childrens education allow- 
ances and holiday visit passages. The supplemen- 
tation rates are currently under review. F.S.S.U 
Family passages; various allowances; regular over- 
seas feave. Detailed applications (2 copies), 
including a curriculum vitae and naming 3 
referees, should be sent by airmail, mot later 
than June Il, 1974 to the Secretary, University of 
Sierra Leone, Private Mail Bag, Freetown, Sierra 
Leone. Applicants resident in U.K. should also 
send 1 copy to Inter-University Council, 90/91 
Tottenham Court Road, London WIP ODT. 
Further particulars may be obtained from either 
address. (2066) 
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UNIVERSITY OF LONDON 
King’s College 
DEPARTMENT OF BIOCHEMISTRY 


Applications are invited for the post of LEC- 
TURER IN BIOCHEMISTRY. tenable from 
September 1, 1974. Candidates should be interested 
in teaching dental students and preferably have 
had relevant experience. The successful apphcant 
will be primarily responsible for the planning and 
organisation of a new biochemistry course for dental 
students starting next session, He will be expected 
also to contribute to the teaching of medical under- 
graduates and Honours B.Sc. students. 


From October 1, 1974, salary will be on the new 
scale for lecturers (£2,118 to £4.896 plus £162 
London Allowance) with F.S.S.S.U. benefits. 

Application forms and further particulars of the 
appointment are available from the Registrar, 
University of London King’s College, Strand, Lon- 
don WC2R 2LS and should be returned to him 
by June 14, 1974, quoting reference N24/5. 

(2068) 





UNIVERSITY OF IBADAN 
Nigeria 

Applications are invited for posts of fa) PRO- 
FESSOR and (b) SENIOR LECTURER and (c) 
LECTURER IN THE INSTITUTE OF APPLIED 
SCIENCE AND TECHNOLOGY. These posts are 
in the Engineering and Technology disciplines of 
Agriculture or Electronic instrumentation or Food 
or Forestry or Petroleum or Wood. Candidates 
for (a) should hold a Ph.D. or equivalent in their 
field of specialisation as well as possessing widely 
recognised teaching, industrial and research expe- 
rience. Administrative experience or ability for 
administrative duties are highly desirable qualities, 
Candidates for (b) should hold a Ph.D. or equiva- 
lent in their field of specialisation as well as 
significant teaching, industrial and research 
experience. Candidates for (c) should hold 
a PhD or equivalent in their field of 
specialisation as well as the potential to 
perform effectively in teaching, industrial liaison 
and research. Salary scales: (a) N6,600 pa. (b) 
NS.030 to N5.750 p.a. (c) N2,760 to N4.830 pa. 
(£1 sterling=N1.54). The British Expatriates Supple- 
mentation Scheme is unlikely to be applied to these 
appointments. Family passages; various allowances, 
superannuation scheme; biennial overseas leave. 
Detailed applications (2 copies). including a cur- 
riculum vitae and naming 3 referees, should be 
sent by air mail, not later than June 11, 1974 to 
the Registrar, University of Ibadan, Ibadan, Nigeria. 
Applicants resident in U.K. should also send 1 
copy to Inter-University Council, 90/91 Tottenham 
Court Road. London WIP ODT. Further particulars 
may be obtained from either address. (2067) 
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AHMADU BELLO UNIVERSITY 
Nigeria : 


Applications are invited for sects af G) READ- 
ERS/SENIOR LECTURERS and GO) LECTURERS 
IN PHARMACEUTICS AND PHARMACOGNOSY 
in the Department of Pharmacy and Pharmacology. 
Candidates for (D should have experience in teach- 
ing im Pharmaceutical Technology, Physical Phar- 
macy of Pharmaceutical Microbiology. A good 
higher degree and research publications in the field 
of specialisation are essential. Candidates for (iD 
should have a good honours degree and a higher 
degrees in their field of. specialisation. Salary scales: 
Reader N6,100 paie Senior Lecturer N5,030 to 
N6.0450 pial: Lecturer: N2.760 to N4.830 p.a, (£1 
sterling =NI S4), The sh Government may 
supplement salaries of Readers and: Senior Lecturers 
in range £1,080 to £1,150 pa. (sterling) for married 
appointees oF ESO: to: £600 pa. (sterling) for single 
appointees (normally free of all tax} and provide 
children’s education allowances and holiday visit 
passages. For these appointed to. clinical duties, 
supplementution may be in range £1,200 to £1,230 
pa. (sterling-—if married) or £650 to £700 pa. 
(sterling-~if single), These supplementation rates are 
currrentiy under review. This supplementation is 
unlikely tao be applied to appointments at Lecturer 
level. Family passuges: various alllowances: super- 
annuation scheme: biennial overseas leave, Detailed 
applications (2 copies), including a curriculum vitae 
and naming 3 referees, should be forwarded by 
airmail, not later than June 10. 974 to the 
Registrar, Ahmadu Belo University, Zaria, 
Nigeria. Applicants resident in U.K. should also 
send fo copy to Inter-University Council, 90/91 
Tottenham Court Road. London W1P ODT. Further 
particulars may be obtained from either address, 

(2069) 














UNIVERSITY ee EDINBURGH 


LOTHIAN HEALTH BOARD 
Teaching and Research Centre 
Western General Hospital 
ADMINISTRATIVE ASSISTANT 


Applications are invited from young men 
and women, preferably with a Degree in 
Science and same practical or research ex- 
perience, for a post as Administrative Assis- 
tant at the Teaching and Research Centre, 
Western General Hospital. The pest is tenable 
from July 1, 1974 or such later date as may 
be arranged. This post will appeal to those 
wishing to take up a career in Administration 
in a scientific organisation. hR is hoped that 
the person appointed wil have an interest and 
preferably some experience in the development 
of Audio-Visual Aids. 

The initia] salary will be at a suitable point 

. Om the scale £1,929 to £3,853 per annum 
{under review). Superannuation provision will 
‘be. under FSS 

Further particulars may be 
the Secretary to the University, 
Edinburgh. Old College, South Bridge. Edin- 
burgh EH8 9YL to whom applications (6 
copies) giving the names of three referees. 
should be sent not later than June 8, 1974. 
Please quote reference number 4003, 

207 33 


obtairied from 
University of 


UNIVERSITY OF KENT 
At Canterbury 
Research Assistant in Biology 


A RESEARCH ASSISTANT is required from 
October 1, 1974 to work on the growth kinetics 
of mixed popuiations of micro-organisms usin con- 
tinuous culture techniques. Applicants sheuld have, 
Or expect to obtain. a good Honours degree in 
microbiology, preferably with an interest in mathe. 
matical modelling of biological systems. Salary 
£1,593. Applications giving details of qualifications 
and experience with names of two referees to the 
Assistant Registrar, Natural Sciences, Chemical 
Laboratory, The University, Canterbury. Kent CT2 
INH by June 10. Phase quote ref. AS2/74, 

(2072) 





ARMAGH OBSERVATORY 
Northern Ireland 


Applications are invited for the post of Astro- 


nomer. Salary £2,388 x £165-£3.213 with the 
eeapnvalent of FESS UU. the startin point of the 
salary scale will depend on the experience and 


qualifications of the successful candidate. The post 
iS #@ research ore and the nde $ MUN Interest 
should be in Stellar Astronomy, Armagh Obser- 
vatory shares the facilities of the Bovden Observa- 
tory. Three copies of application should Be sent 
not later than iSth July, 1974 to the Secretary, 
Armagh Observatory. (2077) 


| A. PHYSICIST (CROP PROCESSES) 


required to develop a biophysics research programme on the d 
plant structure in quantitative terms and on its relation fo. x 
physical functions, especially transport processes. Appointee 
with physiologists and biometricians in a major progranm 
tical modelling of glasshouse crop processes. Applicants shoul? h 
honours degree and at least four years’ research experience, pr 
biophysics, or 
Appomtment 
SCIENTIFIC OFFICER, depending on experience. Closing date 31st July. 


experimental physics, 
biological work desirable. 


on experience. At least five 
Salaries: 
Scientific Officer 
Higher Scientific Officer 
Senior Scientific Officer 


Principal Scientific Officer 


Starting salary depending in each case on qualifications and/or experience. 
Contributory superannuation scheme for both posts, 
pensionable allowance to offset contributions. 


Further particulars (state post A or B) from the Secretary to the Inst 
Worthing Road, Rustington, Littlehampton, Sussex, to whom aa 


should be sent by appropriate date. 





LEEDS AREA HEALTH AUTHORITY (TEACHING; 
EASTERN DISTRICT 


PHARMACEUTICAL ANALYST 


GLASSHOUSE CROPS RESEARCH INSTITUTE 


Plant Physiology Depari 


B. INSTRUMENTATION PHYSICIST 


required for Design & Development Section, 
scientific equipment to meet special research problems. Applicants « 3 
have a sound background in applied physics and measurement thecry, 
aptitude and experience in instrument design and construction, and a degree, 
HNC or equivalent qualification, in an appropriate subject. Appointment as 


SCIENTIFIC OFFICER or HIGHER SCIENTIFIC OFFICER, 
years’ post qualifving experience is Borina 
required for appointment in the higher grade. Closing date 28th fune. 

























experience of 
PRINCIPAL 


a related subject: 
as SENIOR or 


to join a team developing 






depending 


£1,435 — £2,329 
£2,221) -~- £2 8454 
£2,798 ~~ £3,895 
£3,715 — £4,895 
with addition mor- 


tiute, 


(2095) 


Applications are invited from pharmacists or graduate chemists for the 


above post based at St. James's 


Hospital, Leeds. 


The person appointed will be accountable to the Pharmacist in charge of 


the 
technicians. 


Laboratory but will be 


responsible for l 
The work involves some routine analysis with investigations 


the work of the other 


into quality control techniques and analytical methods. 
Salary will depend on age, experience and qualifications but will be in 
the range £1,680-£2,916. 
Application forms are available from the Personne] Manager, St Fames’s 
Hospital, Leeds 33144 Ext. 203/293 


(26091) 





SENIOR TEACHING FELLOWSHIP— 
ORGANIC CHEMISTRY 
(Ref FIIN) 


Applicunts should have interests in physical or- 
ganic chemistry or im the chemistry of natural 
products. The appointee will have a particular res- 
ponsibility for part of the first year laboratory. 
The appointment will be from February Ist 1975. 

The research interests of the School are in the 
areas of State physics, chemistry and bis. 
chemistry, m 

Salaries: Senior Lecturer $A12,268 - $A14. 308 a 


Senier g vaghing Fellow $A7,270 - 
SAS GOR 
For further datas of these posts and for the 
method of application., write, to the Association of 


sofid 


Commonwealth Universities @ (Appts), 36 Gordon 
Sguure, London, WCTH OPF, The closing date for 
applications is June 24th 1974.0. (2082) 


+ 


UNIVERSITY OF STRATHCLYDE 
DEPARTMENT OF BIOLOGY 
RESEARCH ASSISTANT 


Applications are invited from graduates for the 
post of Research Assistant in the Marine Leahy. 
ratory, Garelochhead. 


The successful candidate will work on g 
concerned with the biological effects of w 
posal m the Solway Firth. A considerakle ġ if 
of field work is undertaken and the ability te 
drive is essential, 

Salary within the rate £1401 - £2001 with p Bg 
according to qualifications and experience, Agesit. 
ments for a period of up to three years. 


Applications (quoting R1i5/74) io Tr. 
Perkins, Departmen of Biology, Reval 











University of Strathclyde, 204 George ie. 
Gdaggow, GI IXW, MTA 
3 





-FLATFORD MILL FIELD CENTRE 
ate GRADUATES 

- erates) wanted who would be interested in the 
- “post af Temporary Help (cooking) at Fiatford Mill 
Field Centre whilst searching for permanent 
science appointments. Could attend interviews and 
leave at short notice if necessary. Would suit two 
friends, Write to The Warden, Flatford Mill Field 
Centre, East Bergholt, Nr. Colchester, Essex of 
telephone (reverse charges) East Bergholt ore) 


ROYAL POSTGRADUATE 
MEDICAL SCHOOL 


University of London 


OSTI on-line information retrieval project 
Applications are invited for a post of Research 
Assistant in the Wellcome Library to be responsible 
for its participation, as a biomedical user centre, 
in an on-line bibliographical retrieval project which 
is being financed by the British Library, Research 
and Development Division (formerly OSTD. The 
systems principally involved will be the MEDLARS 
on-line retrieval systems, MEDUSA and MEDLINE 
and the person appointed will act as intermediary 
in on-line search formulation and evaluation. 
Applicants should have relevant academic and 
library/information science qualifications or ex- 
perience, no computer knowledge is required. The 
-salary will be on a scale £1929 to £2553 per annum 


> (plus £162 London Allowance) according to quali- 


C fications and experience. The post is available from 
4st July and will extend until December 1975. 
Further details from The Librarian, Miss E., M. 
Read, Telephone 01-743 2030 Ext 97. 
Applications to the Secretary, Royal Postgraduate 
‘Medical School, Hammersmith Hospital. DuCane 
— Road, London W12 OHS by 7th June sapere 





GRIFFITH UNIVERSITY 
Brisbane, Australia 
SCHOOL OF SCIENCE 


Griffith University will admit its first under- 
graduate students in March 1975. Its organisation 
is on a broad school of study basis and it has 
a commitment to interdisciplinary teaching. Appli- 
cations are now invited from men and women for 
the following positions: 





SENIOR LECTURESHIP— 
CHEMICAL PHYSICS 
(Ref FION) 


Applicants should have expertise in one of the 
areas at the interface of physics and chemistry. The 
appointee will have a key role in the second year 
teaching programme, in which emphasis will be 
placed on areas of overlap between chemistry and 
tee The appointment will be from March Ist 





VICTORIA UNIVERSITY OF 
WELLINGTON 


New Zealand 
CHAIR OF APPLIED MATHEMATICS 


In view of the impending retirement of Pro- 
fessor C. J. Seelye in May 1974 from the Chair 
in Applied Mathematics, applications for this Chair 
ate invited from persons with suitable qualifications 
in the branch of classical or modern applied mathe- 
matics. There are three Chairs in the Department, 
covering the range of applied, pure and statistical 
mathematics. 

The Mathematics Department works in close 
cooperation with the Department of Information 
Science and the Applied Mathematics Division of 
D.S.LR., which are both situated in the same build- 
ing as the Mathematics Department. 

Salary range: NZ$13.863 to NZ$17,645 pa. 
Superannuation on the FSSU basis and allowance 
for travel expenses. 

Further particulars and application procedure 
available from the Association of Commonwealth 





Universities (Appts), 36 Gordon Square, London 
WCIH OPF., 
Applications close 31 July 1974. (2083) 
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DEPARTMENT OF ANATOMICAL SCIENCES 
expects to have two faculty positions open for 
neurobiologists with active research programs in 
the development of the vertebrate nervous system 
or in the structure and function of mammalian 
nervous system. 

Teaching responsibilities will include neuroscience 
for medical and dental students and graduate 
student training. Rank and salary will be deter- 
mined by qualifications. Reply to Maynard M. 
Dewey, Chairman, Department of Anatomical 
Sciences. Health Sciences Center, SUNY, Stony 
Brook, N.Y. 11790, by June 30, 1974. Applications 
from women and members of minority groups ae 
encouraged. (203%) 





















DEPARTMENT. OF PSYCHOLOGY 


APPROACHES TO THE STUDY OF 
EARLY BEHAVIOURAL 
DEVELOPMENT 


Nato Advanced Study Institute, Catania, Sicily, 
1-10 September 1974. Topics covered include 
genotype-environmenmt interaction. Growth of 
brain and nervous systern, language development, 
cognitive growth. Perception and skills. Social 
integration. 

Further information from Professor K. J. Con- 
nolly, Department of Psychology, University of 
Sheffield, Sheffield $10 2TN, U.K. (2031) 





PLYMOUTH POLYTECHNIC ăć | 


SCHOOL OF 
ELECTRICAL ENGINEERING 


RESEARCH 
ASSISTANTSHIPS 


Vacancies exist in the School for Research 
Assistants to work on projects in the following 
fields from September 1974. 


1. Digital Techniques applied to Television. 
Qualifications:- Degree in Electronic or 
Electrical Engineering or Physics. 


2. Computer-Assisted Learning Systems in 
Electrical Engineering. 
Qualifications:- Degree in Electronic of 
Electrical Engineering or Physics or 
Mathematics. 


3. The application of Thin Film Technology 


in the Teaching of Engineering and 
Science. 


Qualifications: Degree in Electronic or 
Electrical Engineering or Physics or 
Materials Science. 


Applicants should hold or be expecting to 
obtain, a good honours degree, or an equiva- 
jent qualification in a relevant discipline such 
as those listed, and the successful applicant 
will be expected to register for a higher 
degree. 


Further details and application forms are 
available from, The Establismment Officer, 
Plymouth Polytechnic, Plymouth PL4 BAA, 


and must be returned by 7th June, 1974. 
(205 3) 





MEDICAL RESEARCH COUNCIL 
TISSUE CULTURE 


Applications are invited for an appointment 
(Scientific Staff scale) to join a group studying 
the effects of inhaled substances on the lung. The 
team requires a member to undertake studies in 
cell culture with particular emphasis on the 
effects of particles on macrophages. Applicants 
should have post-doctoral experience in the rele- 
ven field, Duties to commence on | October 
1 ; 

Apply giving details of age, qualifications, and 
the names of two refrees to: Director, MRC 
Pneumoconiosis Unit, Llandough Hospital, Pen- 
arth, Glamorgan, CF6 1XW. (2052) 





TRAINEE HOSPITAL BIOCHEMIST 


Applications are invited from science graduates 
(or those expecting to graduate this year) for a 
2 vear appointment leading to an MSc. in Clinical 
Biochemistry starting ist October 1974. The suc- 
cessful applicant will be required to attend the 
Usiversity of Surrey (Guildford) for a total of 
three terms. Training in clinical biochemistry, 
which includes a research project, will be given 
within laboratories in the Avon Area, including 
those of the Southmead Health District and the 
Bristol Health District which constityte the clinical 
teaching hospitals of the University of Bristol. 

Salary will be on the scale for Hospital Bioche- 
mists in the range £1497 - £2259, ° 

Applications (includigg the names of two referees) 
should be submitted before 19th June to the Person- 
nel Officer, Srna Sy Hospital, Westbury on 
Trym, Bristol BS10®5NB. (2010) 

+ 
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RESEARCH ASSISTA 
BioMolecular Research Group 

One assistant for research on the synthesis, 
modification and function of chromosomal pro- 
teins. The project, which is supported by the 
Science Research Council and the Cancer Re- 
search Campaign, uses the naturally synchronous 
division cycle in the true slime mould Physarum 
polycephalum and a specific gene isolated from 
the same organism. 

The research will be 
nature. 


Crystallographic Research Group 

One assistant to work on structural problems 
of biological interest. The present programme of 
work includes the investigation of the molecular 
configuration of substrates of enzymes in the 
glycolytic pathway. 

Crystal Growth Research Group 

One assistant to work on crystal growth from 
high temperature solutions and on studies of 
crystal perfection and surface topography. 

Applicants must have, or expect to have, a 
god honours degree in a science subject. There 
will Se opportunity to register for a higher 
degree. 

Salary Scale: £1,230-£1,330 per annum (under 
review) 

Application forms and further particulars may 
be obtained from the Staff Officer, Portsmouth 
Polytechnic, Alexandra House, Museum Road, 
Portsmouth POL 2QQ, to whom completed ap- 
plications should be returned by 10th June 1974. 

Please quote ref. SIZ. (2051) 
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UNIVERSITY OF SOUTHAMPTON 
LECTURER IN THEORETICAL 
PHYSICS 
Applications are invited for the above post in 
the Department of Physics. Candidates should have 
an active research interest in Quantum Physics. 
It is expected that the successful candidate will 
have experience in the use of fields and groups. 
and will interact effectively with the Theoretical 
High Energy Physics group in the Department. 
Salary scale: £2118 - £4896. The initial salary will 


largely biochemical in 


depend on qualifications and experience, Further 
particulars may be obtained from the Deputy 
Secretary’s section (ext. 2400), The University, 


Southampton SO9 SNH, to whom applications (7 
copies from United Kingdom applicants) should be 
sent not later than 14th June 1974, quoting re- 
ference number 229/A/Na (2002) 
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UNIVERSITY OF DURHAM 
DEPARTMENT OF ENGINEERING SCIENCE 


Applications are invited for the post of TEM- 
PORARY LECTURER IN ENGINEERING 
SCIENCE for one year from 1 October 1974. 
Applicants should have teaching, research or pro- 
fessional experience in either electrical or civil 
engineering. The undergraduate course in Engineer- 
ing Science consists of a unified course in civil, 
mechanical and electrical engineering followed by 
specialisation in the final year. 

salary will be on the scale £1929 - £4548 
(under review) per annum with FSSU. 

Applications (3 copies) naming three referees 
should be sent by Monday. 10 June 1974 to the 
Registrar and Secretary. Science Laboratories, South 
Road, Durham, DHI 3LE. (2004) 





UNIVERSITY OF EAST ANGLIA 
SCHOOL OF MEDICAL SCIENCES 


Applications are invited for a S.R.C. Post- 
Doctoral Research Assistantship for one year in 
the first instance from ł October 1974, to work 
on the magnetic circular dichroism of matrix-isolated 
molecules. A novel apparatus for this purpose has 
recently been constructed and is now operational. 
The investigation is to be extended to the study 
of the magnetic and optical properties of unstable 
molecules generated photochemically. Salary will 
be on a scale starting at £1929 per annum plus 
F.S.S.U., according to previous experience. 

Applications as soon as possible either to Dr. 
R. Grinter or Dr. A. Thomson, School of 
Chemical Sciences, University of East Anglia, Nor- 
wich, NOR 88C. (2005) 
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YOUNG SCIENCE GRADUATE wanted to assist 
in the laboratory investigation of patients with 
degenerative arterial disease. Please write for appli- 
eation form to Mr. Dormandy, Surgical Unit, 
Clare House, St. George’s Hospital, Tooting, a T 
(2008) 
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JUNIOR TECHNICIAN required for Department 
of Histopathology to assist in research on multiple 
sclerosis and immunity in relation to the nervous 
system. O.N.C. or Science A levels an advantage. 
Apply in writing to the Secretary. Guv’s Hospital 
Medical School, London Bridge, SE1 ORT. giving 
details of age, qualifications and experience, if any, 
and quoting Ref. H.P.1. (2613) 
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THE UNIVERSITY OF MANCHESTER 
DEPARTMENT OF BIOCHEMISTRY 


_ Applications are invited from graduates with 
good Honours degrees or from students graduating 
this June in either Biochemistry or Chemistry to 
undertake research leading to a higher degree. 
The research is in the field of Biophysical 
Chemistry and is concerned with the study of the 
properties of copolypeptides in aqueous solution. 
This is a CASE studentship in conjunction with 
Unilever Lid. Applications, including the names 
of two refrees should be addressed to Dr. M. N, 
Jones, Department of Biochemistry, The Univer- 
sity, Manchester, M13 SPL. {2047} 
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UNIVERSITY OF SOUTHAMPTON 
DIRECTOR 


University Computing Service 


Applications are invited for tbe new full-time 
post of Director of the University Computing 
Service, The salary will be at an appropriate point 
within the University's professorial range and will 
consequently mot be less than £5973 per annum. 
F.S.S.U. Further particulars may be obtained from 
the Academic Registrar, The University, Southamp- 
ton 509 SNH and applications (len copies from 
applicants in the United Kingdom and one from 
others must be submitted before 30 June, 1974. 

(2009) 
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UNIVERSITY OF BRISTOL 
DEPARTMENT OF PHYSICAL CHEMISTRY 


Applications are invited for a temporary Research 
Assistantship at postdoctoral level on a two year 
project supported by the Science Research Council 
to investigaic the structure of the ¢lectrical double 
laver in D.O. The post will involve both experimen- 
tal and theoretical work and some experience in 
electrachemistry or related field is desirable. Com- 
mencing salary up to £2553 per annum (£2757 per 
annum after 1 October 1974). 

Further information can be obtained fram Dr. 
R. Parsons, School of Chemistry, Cantnck'’s Close. 
Bristol BSS 1TS. to whom application giving curri- 
culum viae and the names of two referees shouid 
be sent as soon as possible. (20113 





UNIVERSITY OF BRISTOL 
DEPARTMENT OF PATHOLOGY 
REPRODUCTIVE IMMUNOLOGY 
RESEARCH GROUP 
POST-DOCTORAL RESEARCH 
APPOINTMENT 


Applications are invited from Science or 


Medical Graduates for a post of Research Assis- 


tant or Research Associate within a group in- 
vestigating immunological aspects of. mammalian 
reproduction. Preference may be given to candi- 
dates with previous experience in this field but 
applications from those with a suitable back- 
ground in immunology, reproductive physiology 
or developmental biology will be considered. 

The post is available immediately and for up 
to 3 years in the first instance, with a salary on 
the scale £1,929-£3,048 depending upon quali- 
fications and experience, F.S.S. U. subject to the 
accord of academic status. 


Applications (2 copies) should include details 
of name, age, education, qualifications, research ex- 
perience, publications, and the names of two 
referees and be submitted not later than June 14th 
1974 to Dr, W. D. Billington, Department of 
Pathalogy. Medical School, University Walk, 
Bristol BSS ITD, from whom further particulars 
may be obtained, (2042) 


UNIVERSITY OF 
NEWCASTLE UPON TYNE 
DEPARTMENT OF ORAL PHYSIOLOGY 
Junior Research Associate 


Applications are invited from graduates with 
an Honours Degree preferably in Biochemistry 
or Chemistry for a post as Junior Research 
Associate to assist in research into the fluoride 
of dental plaque with special reference to the 
prevention of tooth decay being undertaken in 
the Department of Oral Physiology. The. appoint- 
‘ment will be for a period of up ta 3 years and 
provides an opportunity to work for a higher 
degree in the case of those who do not already 
hold such a qualification, Salary will be according 
to qualifications and experience on the scale 
£1,569-£1,818 per annum. 


Applications should be submitted within three 
weeks of the appearance of this advertisement to 
Professor G. N. Jenkins, Department of Oral 
Physiology, The Dental School, The University. 
Northumberland Road, Neweastle upon Tyne, 
NE! 8TA, (2045) — 





UNIVERSITY OF BRISTOL 
MATHEMATICAL STATISTICS 

Applications are invited from probabilists and 
statisticians for the post of LECTURER IN 
STATISTICS in the. School of Mathematics. The 
person appointed will have the responsibility for 
teaching undergraduates in a combined mathe- 
matics and statistics degree programme and for 
supervising the research of postgraduate students 
in Probability and Statistics. His own research 
interests should lie in the same fields. Ideally the 
candidate should be prepared to take up his 
duties from the autumn term 1974, but candi- 
dates whose commitments preclude their avail- 
ability before January 1975 will be considered. 


The salary will be on the revised scale £2,118- 
£3,813 per annum. 

Further particulars may be obtained from the 
Secretary, University Senate House, Tyndall 
Avenue, Bristol BS8 ITH, to whom applications 
should be sent by 7th June 1974 (please quote 
reference EB). (20415 





UNIVERSITY OF BRISTOL 
DEPARTMENT OF PATHOLOGY 


A vacancy exists for a Research Technician, 
Grade 3, (with O.N.C. or equivalent) to join a 
small new team studying cellular hypoxia; €x- 
perience in tissue culture is essential, and in 
histology desirable. The duties will involve the 
preparation and maintenance of brain-cell and 
fibroblast cultures, plus some histological and 
general preparative work. This is a ‘funded’ post, 
tenable at the School of Veterinary Science, 
Langford, and it carries a salary within the scale 
£1,650 x £54 to £1,920 pa. The present grant, 





which is renewable, runs to December 1977 
initially. Applications in writing, giving the 
names and addresses of two referees to Professor 


1. A. Silver, Department of Pathology, Medical 
School, University Walk, Bristol BS8 Hp ; 
(2043) 





THE UNIVERSITY OF SHEFFIELD 
DEPARTMENT OF METALLURGY 


POST-DOCTORAL RESEARCH 
ASSISTANT 


Applications are invited for the post of RE- 
SEARCH ASSISTANT under an S.R.C. grant 
to Dr. H. A. Davies for research on the forma- 
tion, structures and properties of NON- 
CRYSTALLINE ALLOYS PRODUCED BY 
ULTRA-RAPID QUENCHING OF MELTS. 
This is an interesting and established programme 


of research on a new class of materials that 
promise to find important commercial applica- 


tions in the near future, for instance, as high 
strength reinforcing filaments. Candidates should 
possess or expect to obtain shortly a Ph.D. degree 
in Metallurgy, Materials Science or Physics. 
Experience in electron microscopic, X-Ray diff- 
raction or calorimetric/D.T.A. techniques would 
be an advantage. Tenable for one year in the 
first instance, renewable for a further period to 
30 June 1977. Starting salary in the range 
£1,929-£2,223 (under review), with F.$.S.U. pro- 
vision. Further particulars from the Registrar 
and Secretary, The University, Sheffeld SIO 27TN 
to whom applications should be sent by 7 June 
1974. Quote Ref. R.74/G. (2030) 
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UNIVERSITY OF LIVERPOOL 
DEPARTMENT OF BOTANY 
Lecturer in Ecological Genetics 


Applications are invited for the above post 
commencing on Ist October, 1974. Applicants 
should possess a good honours degree and post- 
graduate experience in the ecological genetics of 
plants, plant breeding or plant population bio- 
logy. Interest and experience in quantitative or 
mathematical approaches would be an advantage. 

There will be excellent opportunities for col- 
laborating with an active teaching and research 
group in evolution, population biology and plant 
breeding. 

initial salary within the range £2,118 - £2,412 per 
anmum on a scale rising to £4,896 per annum. 

Applications together with the names of three 
referees should be received not later than 22nd 
June, 1974, by the Registrar, The University. 
P.O. Box 147, Liverpool, L69 3BX, from whom 
further particulars may be obtained. Quote ref 
RV /276028/N. (2040) 
ge la a SR Sk B 


TECHNICIAN 


required to assist in 


è 
immunological research in 
gastrointestinal, disease. Laboratory experience” jn- 
volving immufological and histological methods 
advantageous. Commencing salary according to ex- 
perience and qualifications within scale £1,440 to 
£1,509 plus £126 pa. LW gApply. The Secretary, 


St. Marys Hospital Medical School, Paddington. 
London W2 IPG quoting Ref, MUW. (2070) 
+ 
e 






THE UNIVERSITY OF 
LANCASTER 
DEPARTMENT OF 
BIOLOGICAL SCIENCES 

PLANT PHYSIOLOGIST 


Applicatians are invited fog Aw 
doctoral appuiniment supported Sy 
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expecting to graduate i 
ty £2,247 to £2,412. 
Further part: 
Officer, University: 
4YW, ta who i 


three referees, shoud be 
June 8, 1974. 





UNIVERSITY OF NEM 
PROFESSOR OF 
This is an additional © 
Geography within the Fa 
The new professor will sh 
velopment of this reeeniby èi 
will be responsible for unde 
graduate courses in economic 
human geography generally, an 
pected to foster and supervise ree 
nomic geography by staff and 
students. Experience in applied cc 
graphy is desirable. The present he 
School is Professor J. A. Mabbaut. P 
Chaikin, Dean of the Faculty of Appi 
will be in England during fune. A 
wishes to see him should write to Use | 
Appointments Office PO i 








Box i. 
N.S.W. 2633, Australia! ty 24 May 

Salary: $A19,102 per annum. 
consent of the University Coarne, 
undertake a limited amount of n 
tive work. The University reserves the T 
All any chair by invitation. 

Details of appointment,  inchacir 
annuation, study leave and housing 
be obtained fram 
ciation of Commonweahh Universities (App 
36 Gordon Square, Londen WOH OPP. 

Applications close in Australia and London on 
28 June 1974, TZD} 














sates nanona anert NOAA AAAA ER NA aN Oa AD EAA 4 ARA AEEA 








UNIVERSITY OF NEW BRUNSWICK 
DEPARTMENT GF BIGLOGY 
SCANNING ELECTRON MICRO?! 
TECHNICIAN 
Required to operate and maintain è $ 
S410 scanning eleciron imieroscay s 
equipment. Duties will inchide spec 
photography. and possibly some iret a 
tron microscopy. Most work will be wii 
material. 
Previous experience of scanning eaor 
scopy would be advantageous, but training w 
given where mecessary. l 
Starting salary up io $9,000 depending on i 
fications and experience. 
Application with names of two refe 
W. D. Seabrook, Department of Biok 
of New Brunswick, Fredericton, NB.. 


APY 
















McGILL UNIVERSITY 
DEPARTMENT OF BHILOGY 
CHAIRMAN 

Applications and nominations 
for the abovementioned positian 
open on June 1, 1978. The Dep 
Biology consists of 31 fulltime and sfRAN 
academic staff representing mosi areas 
biology with emphasis on Cell, Molecul +8 
Developmental Biology, Ecology. Momen 
Genetics and Neurobiology. 

Qualifications sought include evidence 
scholarship in research, skill in teaching, i 
administrative experience. Inquiries, forms 
tions and applications (acconyparnied fv 4 
curriculum vitae and names of at jeast three 
referees) should be directed to: 

Dean E. J. Stansbury 
Faculty of Science 
McGill University 
P.O. Box 6070 
Montreal H3C KH 
CANADA 
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- An assistant is required to help with electron 





which investigates macromolecular structure and 
function in muscle and other contractile aystemts. 
Previous experience in electron microscopy though 


ar twa Science or Maths A levels, or 
dent, Salary is in the range of £1,173 to 
(+ “£126 London allowance), according to 
qualifications. Please write, giving full 
personal details, to Mr. J. Cribbin, Department of 
Biophysics, King’s College, 26-29 Drury Lane WC2, 
Closing date June 14. (2099) 





BIOCHEMIST 


cc Applications are invited for a postdoctoral re- 
search position for work on the plasma membrane 
of Dictyostelium discoideum during aggregation and 
differentiation. A background in either membrane 
hemistry or carbohydrate biochemistry would 
helpful but is not essential, The appointment is 
‘available September i. 1974 at a salary of $8,700. 

Zoo Appheations with full curriculum vitae and the 
© ames of three referees should be sent to Dr G. 
“Weeks, Department of Microbiology, University of 
‘British Columbia, Vancouver, B.C., V6T PWS, 













o Further details available on request. (2098) 





SENIOR 
BIOCHEMIST 


y required by a leading British pharmaceutical! 
Research Organisation, to initiate and direct 
research projects in the areas of pharma- 
-eokKinetics, drug metabolism, molecular phar- 
macclogy and enzymology in association with 
he design and development of new medicines. 
Persons with appropriate experience are me 
> ¥ited to apply m wrHing for further details to 
- The Secretary, Biorex Laboratories Lid.. 
Biorex House, Canonbury Villas, London NI 
2HB, marking the envelope CONFIDENTIAL, 


(2090) 






























TOXICOLOGISTS/ 
PHARMACOLOGISTS 


Honours Graduates/Post-Doctoral Fellows. 
with experience, required for Research and 
Short and Long Term Toxicological Studies of 
compounds of potential therapeutic import- 
ance, Excellent opportunities for advancement 
in modern, well-equipped laboratories, Pension 
- amd Assurance Scheme. Application forms 
from The Secretary, Biorex Laboratories Lid., 
Biorex House, Canonbury Villas, Landon NI 
2HB. (2089) 














PHARMACOLOGISTS 


Graduates/Post-Doctoral Fellows, with or 
without experience, required for Research and 
the Screening of Compounds of potential 
therapeutic importance and in the elucidation 


of their mode of action and toxicity. Vacancies 
are apen for both Senior and Junior Pharma- 
ecologists. Excellent opportunities for advance- 
ment in modern, well-equipped laboratories. 
Application forms from The Secretary, Biorex 
Laboratories Ltd., Biorex House, Canonbury 
Villas, London NI 2HB. (2088) 





microscopy and diffraction studies in a laboratory 









Liverpool Polytechnic 
SCHOOL OF PHARMACY 


Applications are invited from candidates with a good honours degree im Pharmacy or 
Chemistry, or Grad. REC. to work for a Ph.D. degree on the project “‘4-phenylpiperidine 
derivatives as potential non-addicting analgesics’’. The work will involve organic synthesis 
and stereochemical studies. l 

The project is a CASE award and the co-operating body is Allen and Hanburys Lid., 
usual S.R.C. stipend applies which may be supplemented by payment for teaching duties 
and income during the industrial period. 

Enquiries and applications to Dr. A. F. Casy, School of Pharmacy, N., Liverpos! 
Polytechnic, Byrom Street, Liverpool, L3 3AF. (2034) 


Lakehead Œ University 
DEPARTMENT OF CHEMISTRY 


Post-Doctoral Research 
Fellowship 


Several Post-Doctoral Fellowships are available 

at present for work in the following fields: 
Kinetic and thermodynamic studies of gas/ 
solid reactions (R. A. Ross) 
Polymer photochemistry; dielectric studies of 
polymers (N. A. Weir) 
Dielectric relaxation studies in organic liquids 
and solids (J. Crossley) 

The fellowships will carry salaries up to $8,500 
per annum, Applicants should state their preferred 
field of interest and forward a full curriculum 
vitae including the names of three referees to: 

Mr, D. E. Ayre, Secretary, Lakehead University, 
THUNDER BAY “P”, Ontario, Canada. P7B 5E1. 


(20573 





THE UNIVERSITY OF LEEDS 
DEPARTMENT OF COLOUR CHEMISTRY AND DYEING 
WOLFSON ORGANIC POWDERS RESEARCH UNIT 


Research Studentship Research Assistantship 


Post-Doctoral Fellowship 


Applications are invited for the above research posts ta work on polymorphism in organic 
solids and the stabilisation of metastable organic dispersions. Current research in the Unit 
includes studies on the mucleation and growth of dye and pigment particles, their physico- 
thermal stabiliv and the influence of conditions of precipitation on application properties. 
The research may be extended to include the study of pharmaceutical preparations and organic 


intermediates used in colour and related industries, 


Applicants for the RESEARCH STUDENTSHIP should possess, or expect to be about 
to be awarded, a good honours degreg in Physics or Chemistry. The terms will be equivalent 
to a Research Council Studentship and the holder will register for a Ph.D. degree. (Ref. 
No, 39/2/D). 

Applicants for the RESEACH ASSISTANTSHIP should have similar qualifications but may 
Not fecessariy wish ta read for a higher degree, This post will be initially for one year, 
with possible renewal, on the scale £1449 - ERIR. (Ref. No. 39/3/D). 

The appointment to the POST-DOCTORAL FELLOWSHIP will be for one vear in the 
first instance, with possible regewal, at an imal salary of £1929 (under review) with FSS. U. 
(Ref, No. 39/4/D3, 

Applicants should give previous experience and the names and addresses of two referees. 
Forms of application and further particulars from the Registrar. The University, Leeds LS2 9JT 
(Please quote aBpropriate reference number}. Closing date 1 July 1974. (2026) 


























"RESEARCH STUDENTSHIPS IN 
- PHARMACOLOGY 


Lpplications are invited from : graduates in phar- 
logy, biochemistry or physiology for Research 
larships, to work on projects in neuro- 








se rmacology and immunopharmacology. Successful 


applicants will be expected to register for a higher 
degree. 

Applicants should send their cy. and names 
and addresses of two referees to Professor J. L. 
“Mongar, Department of Pharmacology, UNI- 
VERSITY COLLEGE LONDON, Gower Street, 
London WCIE 6BT. ; (19133 








UNIVERSITY OF LEICESTER 
GEOLOGY _ 
N.E.R.C. STUDENTSHIPS 1974/5 


< Applications are invited for three Postgraduate 
Studentships in the following three topics: 
(1) Chemistry of diagenetic carbonate cements 
(Dr. J. D. Hudson). . 

(2) Geochemistry and mineralogy of stalactitic 

mineral deposists (Dr. T. D. Ford}. 

(3) Geophysical studies of the Gregory Rift, 

Kenya (Dr. M. A. Khan). — 

Successful applicants will be expected to register 
for a higher degree. 
Enquiries should be sent to Dr. C. H. James, 
Department of Geology, The University, Leicester 
LEP TRH. (1957) 








UNIVERSITY OF SOUTHAMPTON 
DEPARTMENT OF MATHEMATICS 


Semiconductor Theory 


Applications are imvited for RESEARCH 
STUDENTSHIPS (C.A.S.E.) supported by the 
Science Research Council, which are available for 
theoretical work to investigate recombination and 
related problems by use of quantum mechanics 
and statistical mechanics. There will be contact with 
experimental work at Ferranti Limited and with 
government research laboratories. Posts are tenable 
for up to three years, and the work: will be super- 
vised by Professor P. T. Landsberg. 

A good honours degree in Mathematics, Physics, 
Engineering Science or similar qualifications is 
essential and registration for an M.Phil. or a Ph.D. 
degree is encouraged. : 

Please apply as soon as possible giving the name 
of a referee to the Academic Registrar, The Uni- 
versity, Southampton 509 SNH. (1958) 


UNIVERSITY OF SOUTHAMPTON 
DEPARTMENT OF PHYSICS 


POSTDOCTORAL RESEARCH 
FELLOW | 


Applications are invited from suitably gualified 
candidates for the above post, to join the magnetism 
group in an experimental investigation of the 
thermal expansion of magnetic materials near the 
critical temperature. 

The post is financed by the Science Research 
Council and will be tenable for two years from 
October 1, 1974. The initial salary will be up to 

Further details may be obtained by writing to 
the Deputy Secretary, The University, Southampton 
509 SNH to whom applications, giving brief cur- 
riculum vitae and the names of two referees should 
also be sent Please quote reference number: 
226/R/Na. (1959) 








UNIVERSITY OF SOUTHAMPTON 
DEPARTMENT OF PHYSIOLOGY AND 
BIOCHEMISTRY 


RESEARCH STUDENTSHIPS 


Application are invited from graduates, or 
from those who expect to graduate this summer, 
for Research Studentships to undertake research 
work for higher degrees. The Department has a 
wide research interest in several areas of physiology 
and biochemistry. Í 

Further details and application forms obtainable 
from Postgraduate Admissions Office, Department 
of Physiology and Biochemistry, Medical and 


Biological Sciences Building, The University of 
Southampton, Bassett Crescent East, Southampton 
S$O9 3TU. (1961) 


UNIVERSITY OF SOUTHAMPTON 
DEPARTMENT OF CHEMISTRY 


_ Applications are invited for the post of Lecturer 
in the Department of Chemistry. Candidates should 
have interest in any branch of Physical Chemistry. 
: Salary scale: £2,118 to £4,896. The initial salary 
will depend on qualifications and experience. Further 
particulars may be obtained from the Deputy Secre- 
tarv’s Section (Fxt. 2400), The University, South- 
ampton SO9 SNH, to whom applications (7 copies 
from United Kingdom applicants) should be sent 
not later than June 14, 1974. Please quate reference 
number: 193/A/Na. (1962) 


HERIOT-WATT UNIVERSITY - EDINBURGH 
Postgraduate Research Studentships in Department af Physics 


Prof, S. D. Smith 
Applications are 


Studentships tenable for 3 years from 
research interests of the Department are in solid state and laser ph 
non-linear optics, tunable laser spectroscopy and satelite | 
Active and substantial projects are current on application: 
Raman laser, opto-acoustic spectroscopy with tunable: 
remote measurement of atmospheric 


satellites. 


THE UNIVERSITY COLLEGE 
OF WALES 
Aberystwyth 

DEPARTMENT OF BIOCHEMISTRY 


RESEARCH STUDENTSHIP 


The Science Research Council is prepared this 
year to offer to a suitable candidate a C.A.S.E. 
Research Studentship, tenable at this College. The 
studentship will be jointly supervised by Dr. P. W. 
Trudgill of the Department and Dr R. E. Cripps 
of Shell Research Ltd. 

The successful candidate will be expected to 
spend about three months of each year at the 
Shell laboratories and for the remainder of the 
year will be based at Aberystwyth. 

The project, a study of the metabolism of 
aromatic organophosphate insecticides by mucro- 
organisms, including pathway studies and the purifi- 
cation and characterization of associated mixed 
function oxygenases, is expected to lead to a 
higher degree. 

Candidates should either have or expect to 
obtain this year a Class I or H Q) degree in 
Biochemistry. The studentship will commence on 
October 1, 1974 and will be tenable for up to 
three years. The value of the award is currently 
£695 per annum plus approved fees. 

Enquiries and applications should be made as 
soon as possible to Dr P. W. Trudgill, Department 
of Biochemistry, University College of Wales, 
Aberystwyth. (Tel. 0970 3111, Ext. 100). (1967) 
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UNIVERSITY OF NOTTINGHAM 


DEPARTMENT OF PHYSIOLOGY AND 
ENVIRONMENTAL STUDIES 


S.R.C. C.A.S.E. POSTGRADUATE 
STUDENTSHIP 


Applications are invited for a Research Student- 
ship for studies on the role of hormone receptor 
proteins in the regulation of nuclear R.N.A. syn- 
thesis in plants. Candidates should hold or expect 
to gain a First or Upper Second Class Honours 
degree in Biochemistry, Botany or a related subject. 
The successful applicant will be expected to register 
for the degree of Ph.D. 

Those interested should write to Dr D. Grierson, 
Department of Physiology and Environmental 
Studies, University of Nottingham, School of Agri- 
culture, Sutton Bonington, Loughborough LE12 
SRD as soon as possible. (1968) 
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UNIVERSITY OF NOTTINGHAM 
MEDICAL SCHOOL 


DEPARTMENT OF BIOCHEMISTRY 
M.R.C. RESEARCH STUDENTSHIP 


Applications are invited for an M.R.C. student- 
ship which is available from October 1974. Candi- 
dates should hold a good Honours degree in 
chemistry or a biological science, The successful 
candidate will pursue a course of research, leading 
to a Ph.D. degree, involving a study of changes 
which occur in the protoplast membrane of 
Bacilus amyloliquefaciens during the secretion of 
extracellular enzvmes with particular regard to the 
metabolism of membrane phospholipids. 

Applications and enquiries should be made to 
Dr G. Coleman or Dr D. White, Department of 
Biochemistry, University of Nottingham Medical 
School, University Park, Nottingham NG7 2RD. 
Telephone 0602 56101. (1970) 





RESEARCH STUDENTSHIP 


Applications are invited for a three-year research 
studentship to study aspects of the vitamin require- 
ments of the Golden hamster (Mesocricetus auratus). 
Applicants should have or expect to attain this 
summer, first or upper second class honours degree 
in nutrition, or a relevant biological discipline. The 
successful candidate who will register for fufther 
degree, will receive a grant plus a small travels and 
book allowanee, and fees will alsa be paid. 

Applications with names of two referees and 
short curriculum vitae should be made to Dr. D. J 
Ford, Medial Research Council, Laboratory 
Animals Centre, Woodmansferne Road, Carshalton, 
Surrey SMS 4EF, from whom further details may 
be obtained. t. (2019) ` 


invited for SRC, NERC and University Research 



































Tel, 031-449 5111 


September 1974. The principal 





è à 





temperature a 





UNIVERSITY OF EDINBURGH 
RESEARCH FELLOW 


A scienee or ohmeal 
stale} is required for a 
tenable for two years im the 
the Clinical Immunalowy Ls 
Royal Infirmary and Me « 
Edinburgh. under the direction 
Irvine. The successful applic 
involved in the study of uem 
in the sera of patients with © 
doctoral fellow is preferred, but af 
fram others are welcom. 

Applications giving full 4 
qualifications and previous cxy 
be sent as soon as possible 10 
to the Universitv. University ai 
Old College, South Bridge. È 
OYL. Please quote reference mune 



















































UNIVERSITY OF ABER: 
UNIT FOR RESEARCH ON 
ADDICTIVE DRUGS 


A SRC. Studentship (Co-operaiive 
Science and Engineering, CASE. b 
available on Octaber 1, 1974. fh us 
years in co-operation with tne Phare 
sion of Reckitt and Colman Lid., Hu 
to First and Upper Second lass Hon 
in Pharmacology, Biochemistry or P 
research project is concerned With 
newly-synthesized morphine-like eg 
neurotransmitter release and on behav 
in normal and morphine-dependent 

Applications (3 copies) to be sute 
fessor H. Kosterlitz, fram whom fis 
may be obtained, University of Aber 
College, Aberdeen ABO HAÑ, sot later © 
31, 1974. 
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UNIVERSITY OF NOTTIN 
MEDICAL SCHOOL ~~ 
DEPARTMENT OF PHYSIOLOGY: 
Cardiovascular Research — 


Applications are invited from honours 9 
or prospective honours graduates in p 
pharmacology or a related digeipiime. for 3 
ship for training in research” meiha | 
October 1974, The holder wil be en 
tration as Ph.D. student of the : 
value of the award and conditions of apponi 
will be those of M.R.C. Studeniships. 

Facilities are available for the pis 
student to jain a group working On sev 
of autonomic nervous control of the ca 
in animals and in man, u 





i 


to Dr. Fentem giving a brief ca 
the names and addresses of Oo 
Department of Physiology, The M 
University of Nottingham, Nottingha 


UNIVERSITY OF LONDON 
King’s College 


RESEARCH STUDENTSHIP DS 
BIOCHEMISTRY 

An S.R.C. research studentshiny ie pyaik 
three years from October 1974 leading to. 
degree. The successful candidate will w 
Dr. C. J. Chesterton on a project im er 
molecular developmental biology. . 
Applicants should hold, or espect ft 4 
first or upper second class honours deprer. 
chemistry or an allied subject. 
Applications (naming 
sent to Professor H. R 
meni of Biochemistry, 

bopdon WC2R ZLS. 


+ 

















UNIVERSITY OF KEELE 
RESEARCH STUDENTSHIP IN 


Applications are invited for a Co-operative award 
in Science and Engineering (C.A.S.E.} for a 
graduate to carry out an investigation of volatile 
pheromones in insects (Dr E. D. Morgan) jointing 
with Rothamsted Experimental Station, Harpenden, 
Herts. The usual regulations for S.R.C. studentships 
apply. Information and application forms fram Dr 
Morgan, Chemistry Dept., Keele University, Keele, 
Staffs. STS SBG. (1976) 


THE DENTAL SCHOOL 
UNIVERSITY OF BIRMINGHAM 


Applications are invited from graduates in Bio- 
chemistry or Chemistry for a Research Studentship 
available in the Department of Oral Pathology in 
the Dental School. The project, which will be 
Suitable for registration for a Ph.D., is ọn the 
subject of the composition and properties of the 
organic components of biological calcifications. The 
investigation will have particular reference to dental 
plaque and its mineralisation but a comparative 
approach involving study of microbial calcification 


and bofh normal and pathological calcifications is 
envisaged. No specialised dental background js 
required. 


The award is of £695 p.a. (subject to review) 
plus the payment of fees for Ph.D. registration. 

Further details may be obtained from the Assist- 
ant Registrar, The Dental School, St. Chad's 
Queensway, Birmingham B4 6NN, to whom appli- 
tations, including curriculum vitae and names of 
three referees, should be sent. (1984) 





UNIVERSITY OF EDINBURG 
RESEARCH STUDENTSHIPS 
IN CHEMISTRY 


Apphecations are invited for CASE student- 
ships, financed by the Science Research 
Counc, and tenable for 3 vears from Ist 
October, 1974 for research in catalytic oxida- 
tion, coHoidal stability, reactions of excited 
oxygen, or heterocyclic cyclo-addition reac- 
tions, and for another studentship for 
heterogeneous caavsis. 

Applicants should write before Sth June, 
1974 giving brief curriculum vitae and the 
names of two referees to Professor C. Kem- 
ball, Department of Chemistry, University 


of Edinburgh, West Mains Road, Edinburgh, 
EHS 33]. (1992) 





QUEEN ELIZABETH COLLEGE 
(University of London) 


Atkins Laboratories 
Campden Hill, London WS 7AH 


Applications are invited for two S.R.C. C.A. SE. 
Studentships for research into the chemistry of 
degradation and stabilisation of polymers. The re- 
search would involve work in one or more of the 
following areas: synthetic organic chemistry, organo- 
metallic chemistry, polymer chemistry and isotopic 
tracer techniques: for which excellent facilities are 
available. There will be a close collaboration with 
the Research Department of I.C.]. Plastics Division. 
Welwyn Garden City, where the students will spend 
a short time each year. Applications, together with 
the names of two referees should be forwarded 
to the Secretary, Chemistry Department (N}, as soon 
as possible. (2023) 





UNIVERSITY OF 
NEWCASTLE UPON TYNE 
SCHOOL OF CHEMISTRY 


SCIENCE RESEARCH COUNCIL 
C.AS.E. STUDENTSHIPS 


Applications are invited from suitably qualified 
candidates for three C.A.S.E. studentships to be 
held in the Department of Organic Chemistry from 
October 1974 for research leading to the Ph.D. 
degree. 

The usual conditions of eligibility and stipend 
for S.R.O. Studentships apply. 

One award associated with Imperial Chemical 
Industries, Pharmaceuticals Division, will be con- 
cerned with a study of metal complexes of physio- 
logically active molecules. Another award associated 
with Bush Boake Allen Ltd., will be for the study 
of novel methods of terpene synthesis using organo- 
metallic and other intermediates. The third award 
associated with Beecham Research Laboratories will 
be concerned with the synthesis of penicillin and 
cenhalosnorin analorues. 

For further details and application forms write 
to Mr. S. J. Hall, The School of Chemistry, The 
University of Newcastle upon Tyne, Newcastle upon 
Tyne NE! 7RU. (20 6d 





IMPERIAL COLLEGE OF 






SCIENCE AND TECHNOLOGY 








DEPARTMENT OF BOTANY 







RESEARCH FELLOWS 


One or more Research Fellows, expected to 
assist in undergraduate teaching preferably in 
plant physiology, or cytology and ultra- 
structure, or phylogeny and taxonomy, and to 
undertake independent research, are required 
fram October 1, 1974, 














Applicants should normally hold a Ph D. 
degree. Given this qualification, the initial 
salary will be in the range of £2,118 to £2.412 
plus £162 London allowance. Appoimtments 
will be renewable annually up te a maximum 
of 3 years. 



















Further details available from Professor 
A. J. Rutter, Department of Botany, Imperial 
College of Science, Prince Consort Road, 
London, §.W.7, to whom applications, giving 
details of education experience and research 
interests, and the names of two academic 
referees, should be made by June 14. (2025) 








UNIVERSITY OF KENT 
AT CANTERBURY 
RESEARCH FELLOW IN CHEMISTRY 


Applications are invited for a post-doctoral re- 


search fellowship, initially for one year with the 
possibility of extension. to work with Professor R. 
F. Hudson on Radical Rearrangements and esr. 
Spectroscopy. Salary £2EE8 (1974/75 scale). Applica- 
tion forms and particulars from the Assistant 
Registrar, Chemical Laboratory, The University, 
Canterbury, Kent CT2 FNH. Closing date 7th June. 
Please quote ref. A35/74. (2001) 


UNIVERSITY OF IBADAN 
Nigeria 

Applications are invited for the following posts:- 
1. LECTURER/MEDICAL RESEARCH FELLOW 
IN NUTRITION in the Food Science and Applied 
Nutrition Unit. Candidates must be registered 
medical practitioners with post-graduate training 
on one or more of the following: Nutrition, Public 
Health, Child Health. Preference will be given to 
those with field experience in any or all of these 
fields in an African environment. There are pos- 
sibilities of further training in the field of Nutrition. 
Duties of appointee, will include co-operation with 
members of staff in research of Public Health 
Nutrition, including the assessment of nutritional! 
Status of communities and the planning and execu- 
tion af applied nutritional programmes; teaching of 
public health nutrition ta medical students and 
other paramedical staff and the awakening of 
awareness of nutrition in the general population. 
2. LECTURER IN MEDICAL BACTERIOLOGY 
in the Department of Medical Microbiology. Can- 
didates must be medically qualified, have a Diploma 
in Bacteriology or equivalent and have appropriate 
experience in teaching, research and = diagnostic 
work, Interest and experience in the clinical appli- 
cation of the subject in the tropics would be an 
advantage, particularly in the field of Microbiology 
of Venereal Diseases. Appointee (I) must be ex- 
perienced in advising clinical colleagues on the 
treatment of patients, when requested to do so and 
(2) organise and supervise diagnostic service for 
the Venereal Diseases and Treponematosis Research 
Unit. The post carries honorary Consiltant appoint- 
ment at the University College Hospital. Tbhadan. 

Salary scales: Lecturer (Consultant Status) 
N4,880 - N5,800 pa. Research Fellow (Medica) 
Clinical) N3.960 - N3,800 p.a. Lecturer (Non Con- 
sultant) N3.960-N4.830 pa.  Lecturer/Research 
Fellow {Medical Pre-Clinical) N2,760 - N4830 p.a. 
(£1 sterling=-N1.54). The British Expatriates Sup- 
pimentation Scheme is unlikely to be applied to 
these appointments. Family passages; various 
allowances; superannuation scheme; biennial over- 
sek leave. Detailed applications (2 copies), includ- 
ingga curriculum vitae and naming 3 referees, should 
be sent by airmail, not later tham 12 June 1974 
to the Registrar, University of Thadan, Ibadan, 
Nigeria. Applicants resident in U.K. should also 
send I copy to Inter-University @ouncil, 90/91 
Tottenham Court Read, London, WIP ODT. 
Further particulars may be obtained fram either 
address, .’ (2085) 


e 


UNIVERSITY OF KENT 
AT CANTERBURY 


Tutorial Fellowship in Biochemistry 


Applications are invited for the post of Tutorial! 
Fellow in Biochemistry. Preference will be given 
to candidates with an interest in mammalian bio- 
chemistry of physiology. The appointment would 
be for 3 years and the salary, depending on age 
and qualifications, inthe range £2,118 to £2,412 
(1974/75 scale). Application forms and particulars 
may be obtained from the Assistant Registrar, 
Faculty of Natural Sciences, Chemical Laboratory, 
The University, Canterbury, Kent CT2 7NH. Closing 
date for applications: June 14, 1974. Please quote 
ref. AS1/74. (2024) 





UNIVERSITY OF YORK 
DEPARTMENT OF PHYSICS 


POSTDOCTORAL RESEARCH 
FELLOW 


Applications are invited for the above post from 
as early a date as possible for a period of two 
years. The successful applicant will work on the 
construction and evaluation of a scanning Auger 
electron microscope. The project is sponsored by 
the R. W. Pauli Fund of the Royal Society and 
the research wil involve modifying a UHV scanning 
electron microscope equipped with a field emitting 
source so as to present images derived from the 
output of a concentric hemispherical electron 
energy analyser. Experience in these or related 
topics would be an advantage. 

Salary £2118 - £2247. with FSSU. 

Three copies of applications, naming two referees, 
should be addressed by 18 June 1974 to the 
Registrar, University of York, Heslington, York, 
YO. SDD. from whom further details are available. 
Please quote reference number 11/6017. (2003) 


UNIVERSITY COLLEGE 
CARDIFF 


Department of Applied Mathematics 
and Astronomy 


_ Applications are invited from those possess- 
ing or expecting to have a first or Upper 
Second Class Honours Degree in Mathema- 


tics or Physics for a CASE studentship in 
collaboration with the Roval Radar Establish- 
ment, Malvern. The work involves the cal- 
culation of energies of formations of 
vacancies using Greens’ function methods 
and applicants will be expected to register 
for a Ph.D. Applications to Dr. T. Lukes, 
Dept. of Applied Mathematics and Astronomy, 
University College, P.O. Box 78, Cardiff, 
CFi XL. Please quote ref. 0563. (2012) 


UNIVERSITY OF STRATHCLYDE 


DEPARTMENT OF PHARMACEUTICAL 
CHEMISTRY - 


“DRUG METABOLISM UNIT 
PROSTGRADUATE STUDENTSHIPS 


Applications are invited from Honours graduates 
and students in their final vear of undergraduate 
study in Pharmacy. Chemistry or Biochemistry for 
postgraduate studentships available for research 
in the Drug Metabolism Research Unit leading to a 
higher degree. Current research includes investiga- 
tion of metabolic pathways, analytical methodolgy 
in pharmacokinetics, protein-binding and drug in- 
teractions, and studies on conjugating and desul- 
phurating enzymes. 

Studentships will provide for the payment of 
fees and a maintenance allowance of not less than 
£675 for students living in bostel or lodgings. 

Applications to Professor J. B. Stenlake, De- 
partment of Pharmaceutical Chemistry, Royal 
College, University of Strathclyde, 204 George 
Street, Glasgow, Gi IXW, (2060) 





HERIOT-WATT UNIVERSITY, 
EDINBURGH 


DEPARTMENT OF RREWING & 
BIOLOGICAL SCIENCES 


Applications are invited for a S.R.C. CASE 
research studentship for studies on the role 
of polysaccharides in the molecular architec- 
ture of cereal grains. The co-operating body 
is the Brewing Industry Research Foundation, 

Applicants must hold a first or upper 
second class honours degree in chemistry or 
biochemistry. 

Further details may be obtained from Pro- 
fessor D. J. Manners, Heriot-Watt University, 
Chambers Street, Edinburgh, EH! IHX. 

(2056) 
















R ITY OF STRATHCLYDE 
DEPARTMENT OF BIOCHEMISTRY 


RESEARCH STUDENTSHIP 


An M. R.C. research studentship is available for 
the: Department of Biochemistry, for work in the 
field either of Biochemical Pharmacology Cinclud- 
ing pharmacokinetics), or in the Biochemistry of 
Reproduction, including ovarian, pituitary and 
uterine metabolism. Extensive facilities are available 
for work in these areas. 

Applicants, who should possess or 
possess a good Honours Degree in Biochemistry, 
Pharmacology, or a relevant subject, should submit 
applications to Professur P. J. Heald, Department 
of Biochemistry, University of Strathclyde, Royal 
College, 204 George Street, Glasgow, Gi IXW- 
from whom further information can be eed: 

(2059) 


UNIVERSITY OF ST. ANDREWS 
C DEPARTMENT OF BIOCHEMISTRY 
S.R.C. Postdoctoral Research 
Fellowship 


` Applications are invited from ndiawies 
with a Ph.D. for the above post tenable for 
t iC {possibly three) years from July, 1974. 


-wij involve the development of 
; d enzyme structures and the evalua- 
w of these materials as analytical reagents 


automated analysis. Starting salary £192% 

SU, Applications, with the names of 2 

tees, should be sent to Dr. W. E, 
Hornby, Department of Biochemistry, Uni- 
versity of St. Andrews, Fife by 7th June, 
1974. : (2055) 





THE UNIVERSITY OF 
ASTON IN BIRMINGHAM 


DEPARTMENT OF BIOLOGICAL SCIENCES 
Applications are invited for RESEARCH 

STUDENTSHIPS inim : 

t The metabolic. nutritional and 
aspects of fish culture. 

2 The physiology and biochemistry of isolated 
islets of Langerhans. 

Candidates will be expected to have at least 
a 2(1) degree in Biology, Biochemistry or Physio- 
logy. 

Further details are available from Professor 
A. J. Matty, Department of Biological Sciences, 
The University of Aston, in Birmingham. Gesta 
Green, Birmingham B4 JET. (2048) 


endocrine 


UNIVERSITY OF ABERDEEN 
GENETICS DEPARTMENT 
RESEARCH STUDENTSHIPS 


Applications are invited for Postgraduate Student- 
ships leading to a Ph.D. Degree. Research interests 
in this Department include chromosome polymor- 
- phism, comparative study of DNA organization, 
o Mutagenesis and repair, recombination, plant bio- 
- chemical genetics. ecological genetics of plant 
and animal populations, human cytogenetics. etc. 

Applications, with names of two refrees, sould 
reach Professor F. W. Robertson, Department of 
Crenetics, Zoology Building, 2 Tillydrone Avenue, 
Aberdeen, ABO 2TN, not later than June Tth, 
1974. (2054) 


UNIVERSITY OF ESSEX 
NLE.R.C. RESEARCH STUDENTSHIP— 
Geological Sciences | 


Applications are invited for postgraduate 
studies into {D mechanisms of deformation and 
recovery in carbonate rocks and Gi) the micro- 
Structure of stony meteorites. Electron micro- 
scopy, a new technique to the geological 
sciences, will be central to both projects. 

The studentship, tenable in the Physics De- 
partment, is open to students with good honours 
degrees and has a value of £695 plus fees (under 
review). 

Applications should be made to Dr D. J. 
Barber, Physics Department, University of 
Essex, Wivenhoe Park, Colchester CO4 3S0. 

(2050) 






























UNIVERSITY OF BRISTOL 
Long Ashton Research Station 
POST DOCTORAL FELLOWSHIP 


Applications are invited for a post-doctoral fellow- 
ship, sponsored by a consortium of wine companies, 
to investigate the anti-microbial effects of sulphur- 
digxide and sorbic acid on wine spoilage veasts. 
in studying the quantitative effect af inhibitors on 
Micro-oruanisms, Experience in the use of isotopes 

Applicants should have a doctorate and experience 
would be an advantage. 

The appointment will be for two  vears. the 
< Starting date is by agreement. Salary £2,413 -£2,497 

“fer anmum, 
Applications io the Secretary, Research Station, 

J Ashton, Bristol, BSIR SAF. by Oth June, 
ir Rom application forms and further 


y be obtained. (2080) 


tapect in 


THE AUSTRAL 
UNIVI 


Fellows o or "Sen 


The School proposes to make up to three 
appointments in research areas primarily concerned 
with organic chemistry, and one appointment in 
the area of physical chemistry. 


The appointments would be at the level of Fellow 
or Senior Fellow, for five years in the first instance 
with the probability of re-appointment to retiring 
age. These classifications, which are particular to 
the Australian National University, span in terms 
of salary and status the categories lecturer to reader 
in other Austrahan Universities. 


Applications in the following fields are of parti- 
cular interest to the School: 


@ Physical organic chemistry 
@ Synthetic organic chemistry, with emphasis 


on photochemical, electrochemical! or other 
novel procedures. 


@ Theoretical chemistry 
applications and 


@ Physical aspects of the photochemistry of 
organic solids. 


Applicants for the post in the physical-theoretical 
group should have interests complementary to 
photochemical research already represented in the 
School in visible and ultraviolet spectroscopic photo- 
chemical studies (Dr. J. Ferguson. Professorial 
Fellow), EPR and NMR (Dr. R, Bramley, Fellow), 
and theoretical work (Professor D. P. Craig). 
Possible areas are structoral and other aspects of 
defective solids in relation to photochemistry and 
topochemistry. 


The organic group of the School works under 
the guidance of Professor A. J. Birch, Mr. R. W. 
Rickards (Professorial Fellow}, and Dr. J. K. 
MacLeod (Senior Fellow), 


The appointees would principally conduct inde- 


related to organic 


pendent research, with some support by post- 
doctoral workers and Ph.D. students. and would 


be expected to assist with other aspects of post- 
graduate training and School administration. The 
School is non-departmental. and opportunities exist 
for co-operation with other groups in the School. 

The School is well equipped to contemporary 
standards. especially in optical, NMR and EPR 
spectroscopy, mass spectrometry. X-ray crystallo- 
graphy and cryogenics. There are comprehensive 
workshop facilities. In computing there is access 
to the School PDP H and the University Univac 
1108 systems. 


Salary on appointment will be in accordance with 
qualifications and experience within the ranges: 
Senior Fellow $14,308 - $16,462 per annum. Fellow 
$10.432 -$14.288 per annum. AH amounts are in 
Australian currency. Current exchange rates are 
approximately SAE : 67 NP : $US 1.49. 


Reasonable travel expenses are paid and assistance 
with housing is provided for an appointee from 
outside Canberra. Superannuation is on the FSSU 
pattern with supplementary benefits. 


The University reserves the right not to make 
en appointment or to make an appointment by 
invitation at any time. 

There is no application form. Applicants should 
sunply by IS July 1974 a curriculum vitae, list of 
publications, a statement of research interests, and 
the names and addresses of three academic referees 
together with tow passport-sized photographs. 


G. E. Dicker 


Acting Academic Registrar 
P.O. BOX 4. 
Canberra. ACT, 2600 
Australia. (2037) 





UNIVERSITY OF NOTTINGHAM 
MEDICAL SCHOOL 
DEPARTMENT OF BIOCHEMISTRY 


S.R.C. CASE Studentship 


Applications are invited from = graduates who 
hold Honours Degrees in Chemistry, Biochemistry, 
Biology or related subjects at the First or Upper 
Second Level. and from those who hope to have 
such quabfications by October, 1974, for a C.A SE, 
Studentship concerned with research into sterol ester 
metabolism in mammalian skin. This will be carried 
out mainiy at the University of Nottingham and in 
part at the Environmental Safety Division, Unilever 
Research Laboratory. Colworth House, Bedford, 
and should ikad to a higher Degree. a 

Research will entail a study of sterol ester 
metabolism in relation to other lipids in skin, 
with particular emphasis on prostaglandins, and Will 
also involve fractionation of mammalian skin gnto 
its constituent qomponents and cell types, subcellular 
fractionation of skin, and the effect of environ- 
mental change upon sterol ester metabolism in skin, 

Further deis and application forms may be 
obtained from Professor J. W. Hawthorne, Depart- 
ment of Biochemistry, The Medical School. The 
University of Nottingham. Notjagham NG? a 

(20 i 


AUSTRALIAN NAT : 
UNIVERSITY 


Applications are invited for the foils: 
RESEARCH SCHOOL OF PHYS 
SCIENCES 
Research Fellow / Postdoctoral Fi 
in Theoretical Physics 
The Department of Theoretical Physics 
academic staff df fifteen he ade a by Pr y 
Le Couteur, 
will be given to. Pi aet intereste af z 
mechanics. The permanent staf eo miers 
area are Dr. K. Kumar and Dr R. d. } 
Department also has rescarch inierci - in 
field of nuclear physics, elementary pa 
and solid state physics. 
Closing date: 14 Fane 1974. 
SALARIES. Salary on appomiment 
accordance with qualifications and «x 
the ranges: Research Fellow SABS 8 





































annum, Postdoctoral Fellow SAR, G98 - 33 
Current exchange rates are approximately 
67NP : $USI.49. 


OTHER CONDITIONS- Tenure: Resear 
normally for three years in the first inst 
possible extension lo & mexnrum œf pre ¥ 
Postdoctoral Fellow for mot iess then ane 4 
and not more than two years. l 

Reasonable travel expenses are paii ah 
tance with housing is provided for an 
from outside Canberra. Superannuation 
FSSU pattern with UPPE scan ss 

Travel expenses from oversea s texe 
land) are not paid for posts at “the teg 
Tutor but assisted passage can be co 


a person offered appointment from 
Kingdom who intends to settle perma 
Australia. 


the right not t 


The University reserves t 
ApEn 


an appointment or to make an 
invitation at any time. l 

Prospective applicants should write 
sociation of Commonwealth Univer 
36 Gordon Square, London WCTH OPF fe 
particulars before applying. : 
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UNIVERSITY OF BATH 
S.R.C. STUDENTSHIPS IN 
BIOCHEMISTRY 7 

ENZYME CHEMISTRY AND TECHNOLOGY 
RESEARCH STUDENTSHIP 

The project will involve the study of achive: 
of dehydrogenases using Aluorimated subsifates 
research is pari of a generaj pro ë 
nF n, R r. to study engyme-—-subsirate inte 
CASE. STUDENTSHIP EN CONPONCTE! 
WITH UNIGATE LTO. 

Membrane surface glycoproteins of the marmary 
cell will be studied using the milk fat gio 
brane as a convenient large stale s 
brane material. The major membrane ¢ 
will be isolated and structurally char 
contribution to surface antigenic efferts ~ 
examined using immunochemical techni 
Applications for the above are 
candidates who have or expect (o rece 
or upper second class Honours Drea 
chemistry or Chemistry. Fall part 
be included in a leer addressed to | 
The Universitv, Bath BAZ TAY. guo 
TA /RS, 
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CHELSEA COLLEGE 
University of London 


Applications are invited for the pos 
DOCTORAL RESEARCH FELLOW a 
an SRC. supported team  uivesti 
INTERACTION OF THE HUMAN TE 
REGULATORY AND CARDIOVASCULA 
TROL SYSTEMS in collaboration with E 
cering in Medicine Laboratory af Tmperiat i 

The successful candidate will probat 
Physiologist with an interest m hurian č 
tion and data analysis, bur applica 
candidates with other arene Soe aa 
interest in the project will be ; 

The appointment will be fue 
mencing as soon as passikie. S 
£1,920 to £2,091 per annum. Super 
cation forms from the Personnel 
College, Manresa Road. London SW 





UNIVERSITY OF BIRMINGHAM 
DEPARTMENT OF CH MISTRY 
Atmospheric photochemistry of su 





dioxide 
Applications are invited for a SRG 
post-doctoral RESEARCH FELLOWS? 
work will involve both kinetic afd. spe 
techniques in the near and vacent 
regions. 


Salary: £2.18 to £2,412 phus PS SSU. 
Further details may be obtained from 
Kerr and J. P. Simons (021-472 13H) 
ant Registrar (S). P.O. Box 263, Bix 
2TT, to whom applications (3 cop 
Coia by June 21, 1974. Please ginie 


+ 





Appir. are invited for an SRC Post- 
doctoral Research Fellowship in the Department 
of Molecular Sciences to werk on the investiga~ 
tion ef four centre ion-molecule reactions. This 
will include experimental work using an existing 
crossed molecular beam apparatus at thè 
Thornton Research Centre and the calculation 
ef potential energy surfaces and scattering cal 
culations. The applicant should have experience 
in high vacuum work and preferably in mole- 
cular beams. The post is available immediately 
and will be for one year in the first instance 
with the possibility of renewal for a further two 
years. The starting salary will be in the range 
£2,118-£2,580 pa. with FSSU. Application forms 
and further particulars may be obtained from 
the Academic Registrar, University of Warwick, 
Coventry CV4 7AL, quoting Ref. No: 42/Q/74, 
completed applications should be returned as 
soon as possible. (2029) 





UNIVERSITY OF GLASGOW 
DEPARTMENT OF CHEMISTRY 
RESEARCH STUDENTSHIPS 


Fe. Applications are invited for SRC CASE Re- 
oo search Studentships for work on the following 
topics: Prostaglandin Synthesis using Optically 
Active Precursors (directed by Dr. A. J. Baker 
in collaboration with Reckitt & Colman Ltd); 
Synthetic Reactions involving Stabilised Car- 
banions (Dr. E. W. Colvin; LCI. Ltd., Phar- 
= maceuticals Division); Q-Lactam Derivatives 
'. elated to Cephalosporins Er. E. W. Colvin; 
Pfizer Ltd.) andi Sulphur-Bridged Bicycle Sys- 
tems: (r, P. H. McCabe; LOIL Plant Protection 
o Ltd.) Applications, including a brief curriculum 
-o Vitae and the names of two referees, should be 
-. gent to Professor ©. W. Kirby, Chemistry De- 
partments University of Glasgow, Glasgow, 










Giz 8 
in reply please quote Ref. No. 3466M (2639) 





LECTURES AND COURSES 


FEBS Advanced Course No. 32 
Ton Transport and 
Mitochondrial Function 


Budapest 31 August—-1 Sept. 1974 


This Advanced Course will take the form 
of a colloquium in which a panei of experts 
wil lead discussions on (D Transport of 
Substrate Anions: Mechanisms and Physio- 
logical Implications; (2) Relationship between 
Proton Transport and Mitochondrial Function; 
and (3) Transport of Cations: Mechanisms and 
Physiological Implications. 


Participants may be able to present 10- 
minute communications on relevant results. 
Fee: Swiss Fr. 30.00. 


Enquiries as soon as possible to Dr. A. 
Fonyo, H-1082 Budapest, OUlloi ut 78/a, 
Hungary. (1842) 








"ETTORE MAJORANA’ CENTRE FOR 
SCIENTIFIC CULTURE 


INTERNATIONAL SCHOOL OF 
THEORY AND APPLICATION OF 
COMPUTERS 
3rd Course: DATA. Erice, Sicily. 
2-21 September 1974 


TOPICS: Transmission and Networks: Stor- 
age and Access; The Rôl of Small Computers; 
Special Processors. 

PARTICIPANTS on the average will have 
a few years’ experience in one of these topics 
and will wish to extend their knowledge in 
the wider field. 

COST (fees plus board and lodging) 1,000 
Swiss Francs. 

Further detalls/applications to: Dr T. 
Massam, CERN 1211 Geneva 23, Switzerland. 

(2093) 











to suitable candidates. 





Administrative Assistant 


Portsmouth Polytechnic 
Park Road, Portsmouth 


BRUNEL UNIVERSITY 
SCHOOL OF BIOLOGICAL SCIENCES 


Part-Time Masters Courses 


Applications are imvited for admission to the 
folowing 2-year part-time postgraduate courses be- 
ginning in October. 


1. MSc. in Apphed Immunology 

2. M.Sc. in Brain Studies 

3. M.Sc. in Applied Cell Science and Virology 
4, M.Tech in Weed Biology 

8. M.Tech. in Environmental Pollution Science 


Applicants for these courses should normally 
possess an honours degree in an appropriate subject. 
Further information can be obtained from The 
Secretary, School of Biological Sciences, Brune! 
University, Uxbridge, Middlesex, ; 
(2079) 





GRANTS 





LARGE TELESCOPE USERS 


Further to the preliminary announcement regard- 
ing applications for time on the Anglo-Australian 
Telescope, it is stil not yet known exactly what 
auxiliary equipment will be available during the 
first half of 1975, but some observations at the 
prime focus and the Cassegrain focus will be 
possible. Applications for time from January to 
June 1975 inclusive are invited, and should reach 
Mr. CC. A. Murray at the Royal Greenwich Ob- 
servatory, Herstmonceux Castle, Sussex by June 10, 
1974. (2076) 





FOR SALE AND WANTED 


Always wanted: 
BACK RUNS OF JOURNALS 


IN SCIENCE AND THE HUMANITIES 
® 


WM. DAWSON & SONS LTD. 


Back Issues Department, 
Cannon House, Park Farm Road, 
Folkestone, Kent, England. 


Tel: Folkestone 57421. (1) 


Biodeterioration 
of Materials 


Applications are being considered now 
for the 1974/75 session starting in September. 
SRC Advanced Course Studentships are available 


Details and application form from 


Department of Biological Sciences 


Tel. Portsmouth (0705) 2768] Extn. 322 














(2049) 
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OOKS — ON PURE 
AND APPLIED SCIENCE 


LARGE STOCK ALWAYS AVAILABLE 


Many of the books reviewed or 
mentioned in this journal are available 
from stock. Foreign books supplied 
with the least possible delay. 


Catalogues on application. : Please state interests 


„SCIENTIFIC LIBRARY 


ANNUAL SUBSCRIPTION from £3.00 
(Reduced rates for multiple subscriptions) 
Available in U.K. only 


Prospectus free on request 


Second-hand Books 


Large stock of recent aditions 


H. K. LEWIS & Co. Ltd. 
LONDON: 136 GOWER STREET, WCIE 6BS 
Telephone: 01-387 4282 








GILSON MEDICAL ELECTRONICS 
(FRANCE) S.A. 
Société Anonyme au capital de F 406,000 


72,Rue Gambetta 95400 VILLIERS-LE-BEL 














Adr, Tal, GILMED VILLIERS-LE-BEL, 95 


Í Tel: 90-10-38 
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and Ecology 


Managing Editor: Professor Donald 5. Farner, 

Dept. of Zoology, University of Washington, Seattle, 
Wash. 

Editors: W. S. Hoar, J. Jacobs, H. Langer, M. Lindauer 
Co-Editors: G. A. Bartholomew, D. Burkhardt, 

W. R. Dawson, D. Kennedy, F. Klopfer, P. Marier, 

C. L. Prosser, L. B. Slobodkin, H. Waring, K. E. F. Wati, 
J. Wersäll, W. Wickler 









of Zooch ror 
By Arthur E. Needham, Department of Zoology. 

South Parks Road, Oxford, Great Britain | 
With 54 figs. XX, 429 pp. 1974. Cloth DM 68,—: US 826.20 
ISBN 3-540-06331-5 


Prices are subject to change without notice 





After considering the molecular basis of color, ihe 
chemical classes of zoochrome, their distribution 
among animals and within their bodies, the author 
concentrates on the functions of zoochromes. Ne denis 
first with physiological functions, those based prima Hy 
on physical properties, and then with biochnermica: fune 
tions, based primarily on chemical properties. in ine 
rest of the book he seeks to assess the extant to wht á 
all zoochromes have functional significance. This Er 
volves considering their relationships to excretor y 
metabolism and to pathological, reproductive, and 
developmental conditions, the sophistication of phys- 
iological and genetic controls of chromogenesis, and 
the evolution of biochromes. A further aim is to test the 
unity and validity of “chromatology” as a subject, The 
book represents a new departure and is addressed to 
zoology teachers and students, zoologisis, physiologists, 
and biochemists. It will also appeal to chemists with an 
interest in biology. 















E Prospectus on request 


Springer-Veri. 
Berlin 
Heidelberg 
New York 


Munchen Johannesburg London 
Madrid New Delhi Paris Mio de Janeke 
Sydney Tokyo Utrecht Wien 
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YOUR FUTURE 
IN 

ELECTRON 
OPTICS... 





Without question, scanning electron 
microscopy (SEM) is becoming an in 
dispensable tool in many laboratories 


The trouble is, most SEM's are com 
plicated to operate. Microscopists 
who really need top performance 
know how difficult this is to achieve 
So they worry... about keeping the 
field of view on the monitor screen 
during specimen tilting or rotation 
about electron beam contamination 
about focus, exposure, contrast and 
alignment - all of which seem to 
demand simultaneous attention 









Top left 
Part of Australian ant. Mag. 200 x 
Top centre 

Aluminium Oxide. Mag. 2500 x 
Top right 

Fracture surface in ZnS. Mag 2500 x 
Right 

PSEM 500 High performance scanning 
electron microscope 


PHILIPS 
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WILL YOU WANT 
TO ENJOY THE 
BENEFITS OF SEM... 
WITHOUT ANY OF 
THE WORRIES? 


If you re such a worrier 
are over There's a Philips micro- 
scope for you now. The PSEM 500 


your Worries 


This instrument represents, not 


merely a step, but a long jump into the 


future of SEM Its unique eucentric 
goniometer keeps the field of view 
on the screen through 370° rotation 
or 51° tilt. Movement is controlled 

10 times more accurately than with 
normal differential drives and digital 
indication enables you to make quan 
titative measurements. You focus 
with one knob-and all other controls 





Printing: Web Offset by The Chesham Press Limited, Chesham 


el 





<i LL — 


are at your fingertips Vacuum is 
guaranteed to 10 
alvvays [ooking at the specimen 


Torr. SO you re 


ahead of its 


trne Send now for full details 


A superb NStrumerit 


Philips Industries 
Electron Optics Department 
Eindhoven - The Netherlands 





Me 


Buckinghamshire, in association with 


at 4 Little Essex Street, London WC2R 3LF.—May 24, 1974, 


-da 


Mileite 


456 May 31 1974 UK 35p USA $1.00 Macmillan Journals Limited 
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Contents Volume 1 number 3 March DNA sequence analysis: a general, simple and 
rapid method for sequencing large odigodeoxyribonucleotide fragments by mapping. E. Jay, 
R. Bambara, R. Padmanabhan and R. Wu: Temperature sensitive mutants of Escherichia 
coli for tRNA synthesis. H. Sakano, S. Yamada, T. ikemura, Y. Shimura and H. Ozeki: 
Control of transcription of the reovirus genome. M. Nonoyama, S. Millward and A.F. 
Graham: The molecular complexity of Mu and Pi Symbiont DNA of Paramecium aurelia. 
A.T. Solido and G.A. Godoy: Template specificity of transcription during sporulation of 
Bacillus subtilis. G. Milanesi and J. Brevet Lack of poly{A) sequence in half of the 
messenger RNA coding for ewe a, casein. L.M. Heodebine, P. Gaye and A. Favre: Structural 
transitions of polyadenylic acid due to protonation: the influence of the length of single 
strands on the polarographic behaviour of the double-helical form. E. Palecek, V. Vetter! 
and J. Sponar: A nuclease from Neurospora crassa specific for d{A-T) rich regions in 
double stranded DNA. G. Roizes: A rapidiy-banding component of animal DNA prepa- 
rations that interferes with buoyant density studies. D.M. Kurnit: Properties of a Bacillus 
subtilis strain lacking DNA polymerase |. G. Villani, U. Canosi, A. Fortunato, G. Mazza, 

M. Polsinelli and A. Falaschi: Polynucleotides. XXIV, Synthesis and properties of a dinu- 
cleoside monophosphate derived from uridine 6,2’-cyclonucleoside. M. Ikehara and T. 
Tezuka: inhibition of nucleoside-binding sites by nucleoside analogues in Escherichia coli. 
J. Doskocil and A. Holy: Conformation dependent binding of netropsin and distamycin 

A to DNA and DNA model polymers. G. Luck, H. Triebel, M. Waring and Ch. Zimmer: 


Volume 1 number 4 April Synthesis of 1.N6-etheno-2-aza-adenosine (2-aza-¢-adenosine}: 


a new cytotoxic fluorescent nucleoside. K.C. Tsou, K.F. Yip, E.E. Miller and K.W. Lo: 
Unpaired bases in superhelical DNA: kinetic evidence. R.J. Jacob, J. Lebowitz and M.P, 
Printz: Fractionation and characterization of satellite DNAs of the kangaroo rat (Dipo- 
domys ordii). F.T. Hatch and J.A. Mazrimas: The nucleotide sequence preceding an RNA 
polymerase initiation site on SV40 DNA. Part 1. The sequence of the late strand transcript. 
B.S. Zain, S.M. Weissman, R. Dhar and J. Pan: The nucleotide sequence preceding an RNA 
poly merase initiation site on SV40 DNA. Part 2. The sequence of the early strand transcript. 
R. Dhar, S.M, Weissman, B.S. Zain, J. Pan and A.M, Lewis, jnr.: Use of phosphorus 
oxychloride in synthesizing nucleotides and oligonucleotides. W.S. Mungall, G.L. Greene, 
P.S, Miller and R.L. Letsinger: Transport of nucleosides in Bacillus subtilis: characteristics 
of cytidine-uptake. A. Kloudova and V. Fucik: Transport of nucleosides in Bacillus sub- 
tilis: the effecr of purine nucleosides on the cytidine-uptake. V. Fucik, A. Koudova and 

A. Holy: Volume 1 number 5 May Isolation and sequence determination of the F- 
terminal regions of isotopically labelled RNA molecules. M. Rosenberg: Mercury (11) 
binding to s4U in E.coli tRNA Val. H.R. Sunshine and S.J. Lippard: Degradation of 
6-methyl-2’-deoxyridine in the in vive and in vitro systems of Escherichia coli, |. Votruba, 
A. Holy and L. Pichat: Mung bean nuclease: mode of action and specificity vs synthetic 
esters of 3’-nucleotides; R. Kole, H. Sierakowska, H. Szemplinska and D. Shugar: Transfer 
RNA mathylating activity of yeast mitochondria. N. Smolar and L. Svensson: Effect of 
L-methioniny! adenylate on the level of aminoacylation in vivo of tR NAME@t from 
Escherichia coli K12. D. Cassio and Y. Mathien. 


Editorial board 
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The contents of the most recent issues 
of this new journal are shown alongside 


Further papers submitted by the 18th 
of the month, if accepted, will appear 
in the following month's issue. The 
journal includes only full papers in 
English describing research on physical, 
chemical, biochemical or biological 
aspects of nucleic acids. Typewritten 
manuscripts are reproduced photo- 
graphically thus eliminating the need 
to correct proofs and resulting also in 
fact publication. Papers are refereed 
as quickly as possible, 


Full instructions for Authors are 
available from the editorial offices 
shown below. 


Subscription rate 


£24.00/US $75.00 for 1 calendar 
year volume. 


Editorial offices 


Professor Dieter Soll, 

Yale University, 

Box 1937 Yale Station, 

New Haven, Connecticut 06520, 
U.S.A. 


Professor A.S, Jones and 

Dr. R.T. Walker, 

Department of Chemistry, 

University of Birmingham, 

P.O. Box 363, Birmingham B15 2TT. 
England. 


Nucleic Acids Research is included 
in Current Contents. 


Information Retrieval Ltd., 1 Falconberg Court, London W1V 5FG, England. 
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Cover picture 


Mungo: a white rhino born at 
Whipsnade last year, Zoological 
Society's annual report: page 401. 


Reproduced by courtesy of the Zoological 
Society of London. 
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Indian nuclear hypocrisy 
European space looks forward to the 1980s ee =. 
INTERNATIONAL NEWS | 400 
NEWS AND VIEWS oe 405 oe 
ARTICLES | — 
Gangliosides as membrane receptors for tetanus toxin, cholera toxin and serotonin- 

W. E. van Heyningen 
Joint transcription of two tRNAT’' genes from Escherichia coli— 

A. Ghysen and J. E. Celis 


Simian virus 40 in a human cancer— 
F. Soriano, C. E. Shelburne and M. Gökcen 


Outline structure of cytochrome c, and consideration of its properties—- 
C. M. Dobson, N. J. Hoyle, C. F. Geraldes, P. E. Wright, R.J. P. Willicuns, 
M, Bruschi and J. LeGall 

LETTERS TO NATURE—Physical Sciences 7 

Shell flashes in planetary nuclei—H. M. Van Horn and C. J. Hansen 


Gravity-induced electric polarisation near the Schwarzschild Timit-- 
W., Davidson and H.J. Efinger 








ER E S T 


Neutral oxygen in comets—P. L. Byard and G. H. Newsom ees 
PAN over the Atlantic and the smell of clean linen—J. E. Lovelock and &. A. “A. Penkett 


errr aa aneas aaraa aaa Aaaa a rani 


Vertical distribution of heat production in the Basement of the Eastern Alps— 
C. J. Hawkesworth 


Iron and manganese encrustations in Recent sediments— 
H. A. Buckley, A. J. Easton and L. R. Johnson 


Photolysis of CO-NH, mixtures and the Martian T TES 
J.P. Ferris, E. A. Williams, D. E. Nicodem, J. S. Hubbard and G. E. Voecks 


Crystalline (xanthotoxin)}.Kl;—M. Kapon and F. H. Herbstein Banann 
New vapour deposition technique—-R. A. Dugdale o 


LETTERS TO NATURE—Biological Sciences EREET SADE e 
dsDNA made by RNase-sensitive DNA polymerase from RSV-transformed | cells 
M. Kotler, O. Haspel and Y. Becker 
RNA-dependent RNA synthesis in rat brain— 
K. Mikoshiba, Y. Tsukada, I. Haruna and I. Watanabe | a SEPON 
No interaction between ultraviolet and X irradiation on chromosome aberrations m 
cells with trisomy 21—M. Holmberg 
Injection of foreign substances into single cells by cell fusion-—- 
M. Furusawa, T. Nishimura, M. Yamaizumi and Y. Okada 7 
Mechanisms of sensing chemical gradients by polymorphonuclear leukocytes 
S. H. Zigmond Sere 
Optimal recovery of lymphocytes and tissue culture cells following rapid cooling — 
J. Farrant, S. C. Knight, L. E. McGann and J. O Brien | o 
Are there differences in contact inhibition of movement between normal and 
malignant cells—M. Turbitt and A. S. G. Curtis _ 
New fungal viruses capable of reproducing in bacteria— | | | 
T. I. Tikchonenko, G. A. Velikodvorskaya, A. F. Bobkova, Y. E. Bartoshevich, 


mineraa ieia nna aranana aN mE ao S eA AN 





PAANAN Mets a AA IANA NNA A R a 








E. P. Lebed, N. M. Chaplygina and T. S. Maksimova ee A 
Estimation of the size of a T-cell-induced lytic lesion—C. S. Henney ee... 
immunosuppression detected in pregnant mice by rosette inhibition test — ee 

H. Morton, V. Hegh and G. J. A. Clunié eo 


PAAT AEO EA NINNE A A RAEAN AREORA ASSE 





Stabilisation of interferons by defensive reversible denaturation— 
W. E. Stewart il, E. De Clercq and P. ‘De Somer 


Surface H-2 antigen concentration requirement of somatic hybrid cells for 





igM-mediated cytotoxicity—N. Rubio a 46 
d, B. Lindblom and P. A, Peterson 463 

EA O e 
fluidity—R. E. Barnett, R. E. Scott, & T. Furcht and J. H. Kersey Sh 


SOLUTIC N OF EQUATIONS 
IN EUCLIDEAN AND 
BANACH SPACES 


by ALEXANDER M. OSTROWSKI > 
A. Volume in the PURE AND APPLIED 
|. MATHEMATICS Series 
ae 1973, 432 Pe: $34.00 


R, Di TION PHYSICS 


NTRODUCTION 

IRAD MLADJENOVIC 
slated by SONJA SUBOTIC 

197; 3, ka pp., $19.00 








VARIABLE STRUCTURE 


aod. by R. R. MOHLER and A. RUBERTI 
1972, 242 pp., $9.50 





a TRANSCRIPTIONAL, TRANSLATIONAL AND 
GENETIC ASPECTS 

© by A. M. KROON and C. SACCONE 

1973, 574 pp.. $19.00/£9.10 


-| CHEMISTRY IN 
| BOTANICAL 
Ao NOBEL SYMPOSIUM NO, 25 
oby GERD BENDZ and JOHAN SANTESSON 
A Volume in the Nobel Symposia Medicine 


and Natural Science Series 
1974, 320 pp., $27.50/£13.20 


TREATISE ON ANALYSIS 
Volume 4 

by J. DIEUDONNE 

A Volume in the PURE AND APPLIED 
MATHEMATICS Series 

1973, 432 pp., $28.00 


~~ FLIGHT TO AMERICA 
ta KRISTIAN HVIDT 
A Volume in the STUDIES IN SOCIAL 
DISCONTINUITY Series 
1974, in preparation 


COMPARATIVE 


BIOCHEMISTRY 
OF PARASITES 


edited by H. VAN DEN BOSSCHE 
1972, 512 pp., $16.50/£7.60 


‘BASIC ia 


HEARING 


by AAGE R. MOLLER 

A Volume in the ROYAL SWEDISH ACADEMY 
OF SCIENCE SYMPOSIUM Series 

1973, 972 pp., $28.00 


BASIC SLEEP 
MECHANISMS 


edited by OLGA PETRE-OUADENS and 
JOHN D. SCHLAG 
1974, 342 pp., $23. 50/£11.00 


GENETICS OF 

SEX DIFFERENTIATION 
by URSULA MITTWOCH 

1973, 256 pp., $16.50/£7.75 


Third Edition 
IN TWO VOLUMES 


METHODS OF 
ENZYMATIC ANALYSIS 


edited by HANS-ULRICH BERGMEYER 
translated and edited by D. H. WILLIAMSON 
Volume 1/1974, in preparation 

Volume 2/1974, in preparation 


prices subject to change without notice 








411 FIFTH AVENUE, 


INC. 


A Subsidiary | of Harcoure Brace Jovanovich, “ pablitnars 
EW YORK, NEW YORK 10003 
24; -28 OVAL f AD, LONDON NW1 70X- 





| 











We 








Nature Vol. 249 May 31 1974 


| Guide to authors 


Nature accepts three types of 


| communications: 


@ Articles are up to 3,000 words in 
length with at most six figures and may 


| either be reports of major research 


developments in a subject or broader 
reviews of progress. 


@ Letters are brief reports of 
research of unusual and wide interest, 
not m general longer than 1,000 


— words: at most they have three or four 


figures. 


@ ‘Matters Arising’ permits - 
occasional short discussion of papers 
that have previously appeared in 
mit of 350 words is 
contributions in this - 










‘Manuscripts may be submitted either 


1 to London or Washington. Three 

| typed copies should be submitted, each 
| including lettered copies of figures. 

| Typing (including references) should be 


double spaced. The title should be 


| brief and informative. Pages should 
| be numbered. References, tables and 
| figure legends should start on separate 
“| pages. Experimental detail vital to the 
| paper yet which would interrupt the 


narrative is best placed in the figure 
legends, Units should conform te the 
Système International. Greek 
characters should be identified in the 
margin on their first appearance. 
Equations should occupy single lines 
if possible. exp (a) is preferred to et 
if ‘a’ is moré than one character. 
Articles should be accompanied by an 
abstract of not more than fifty words, 
and the abstract should list the main 


conclusions that are drawn. 


References are indicated by super- 
scripts in the text. The style may be 
gleaned from any contemporary Nature 
with the following two changes: 


(i) If it is necessary to refer to several 
references by the same author at once, 


| only one reference number need be 
| given. 


(ii) The last page as well as the first 
of any reference should be cited. 


Abbreviations should follow the 
World List of Scientific Periodicals, 
fourth ed. (Butterworth, 1963-65), 
‘Personal communication’ and ‘unpub- 
lished work’ should be incorporated in 
the text. 


Artwork should be sent with the 
manuscript. All artwork should be 
marked with the author's name. Line 
drawings should preferably be in | 
Indian ink on heavy cartridge paper, 
although other materials are accept- 
able; thin, shiny, folded, torn or | 
heavily handled material should be 
avoided. Matt rather than glossy — 
photographs are preferred. Figures are 
usually reduced to one column width. 
The originals should be about as wide as 


la page of Nature. Figures, particularly 


maps, should contain nothing but 
essential material. It is preferred that 
the original be unlabelled, but with a 
copy containing lettering. Labelling 
on photographs should if possible be 
avoided entirely. 


A fuller guide appeared in Nature 
(246, 238; 1973). 





Hb K Woolwich the cause of a thalassaemia—A. Lang, H. Lehmann and 
P. A. King-Lewis n 

Effect of B-N-oxalyl-L-a, P-diaminopropionic acid on glutamate uptake by SSS 
synaptosomes-—J. Lakshmanan and G. Padmanaban 

Quasi morphine-abstinence syndrome-—H. O. J. Collier, D. L. Francis, — 
G. Henderson and C. Schneider 

Neurotrophic control of colchicine effects on muscle?-7. Lano TTT 

Pseudorotation mechanism of ATP hydrolysis in muscle contraction — TUTTY 
J. H. Young, J. MeLick and E. F. Kerman 

in vivo enhancement of tyrosine hydroxylation in rat striatum Dy 
o Kertier, G. Bartholini and A. Pletscher 








POENE rane ee eez 


ae cee ra K Wildenthal ant E A. Mueller a 


Vasopressin release from the isolated neurohypophysis induced bs by a calcium 
ionophore, X-537A— Y. Nakazato and W. W. Douglas 


ERNE HARADA DAHA Ary re rane VS Ht i end mem ARNE RO RAD nineteen inlets K tivt SiE 


Capillary permeability and sympathetic activity in canine subcutaneous 










_adipose tissue—M. Intaglietta and S. Rosell 481 
intracellular electric responses to sound in a vertebrate cochiea— Af J Maloy, TT 
D. W. Altmann, T. F. Weiss and W. T. Peake Ag? 


re rN YY YA LAD vl MP a ab A BAD Prachi SHA HON AURORA ANT Are SA AAAA 


Behavioural and physiological bases of drinking inhibition in water 
deprived rats—-E. M. Blass and W. G. Hall | 

Optical polarisation indicates linear arrangement of rhodopsin oligosaccharide 
chain in rod disk membranes of frog retina—G. Romhányi and L. Molnar 

Adaptation to invisible gratings and the site of binocular rivalry ———— 7 
suppression—R. Blake and R. Fox 

MEOD Benn inet R A 

D. Thomas 499 

Correlation between speed of pollen tube growth and seedling height in n 
Zea mays L.—D. L. Mulcahy ae} 

Heterocyst formation in a blue-green alga, Cvlindrospermum-——P. M. Reddy and” 
E. R. S. Talpasayi 493 

LETTERS TO NATURE—General a T 

Commercial radionuclide dispensing—L. O. Tifin eek ee Se B08 

BOOK REVIEWS 

Psychophysiology of the Frontal Lobes (K. H. Pribam and 
A. R. Luria, editors}—O. L. Zangwill 

Mechanical Properties of Bone (F. Gaynor Evans)—John T. Scales j 

Water Transport in Cells and Tissues (C. R. House)}—R. V. Coxon — 

Temperature Regulation in Mammals and Other Vertebrates (John Bligh}— — 
J. N. R. Grainger 

Understanding Scientific Literature: A Bibliometric Approach 
(Joseph C. Donohue}—B. C. Brookes 

Activation Analysis with Neutron Generators (S. S. Nargolwalla and 
E. P. Przybylowicz)—-A. G. Holmes-Siedle 

Introduction to Stellar Atmospheres and Interiors (Eva Novotny)-—R. J. Tayler us 

The Physical Principles of Rock Magnetism (F. D. Stacey and = — TTTS 
S. K. Banerjee)—D. H. Tarling 

Obituary 

Announcements 


nature 


SUBSCRIPTION ORDER FORM 
Subscription Department, 
Macmillan Journals Ltd, 

Brunel Road, 

Basingstoke, 

Hampshire, RG21 2XS 


Please enter me for a year’s subscription to NATURE starting with the issue 





fa tabrnninsn AnNa DA AIAN SON Site D Mou CA tne dangle ARAE ca AAAS 


ramek anna 


‘Sete erty mr A repay yaa AAAA A AAA AA NAAA AAA ASA VAIL A E AAN ASAA EAA 


Panam e EA AAA AAAA AAA A I P A KA AAA A AnA EA DEAA SAANA AAAS HEVA EE A ANNAA AES ep LM en 














I enclose £22.00 (£28.00 USA and Canada) 

(Prices applicable only to orders started before December 31, 1974. Payment may be made in any currency 
at the current exchange rate. Orders must be accompanied by remittance. Cheques should be made: 
payable to Macmillan Journals Ltd) 


NAME satu e td anne aaeenn eT ae ee eT eee eee Te 
PRESS 220s hana aqui ents Ssak Tes Bets eee Ga ate ene aan aoe 
e 
E OE OS h a EPE TELLE DEE EEIE A ERE EEE EET E EA A es eke A oo E eee nese 
is ee Se iS a AES s hie Gee W E E N Sree he og de eh is Bate BAL wae weak alee Sale 
TAL/ZIP CODE... 
POS MIP CODE esuberente a E a ea pened i 





Science Studies is a quarterly journal of interest to all 
scholars concerned with the social aspects of science 
and technology. It publishes original research from 
historians, philosophers, sociologists, political 
scientists and economists on the social and intellec- 
tual dimensions of science, science and public 
affairs, science and development and science in 
international relations. 


Recent research reports include: 

Theorists on Ingenious Mechanics: Joseph Henry 
Defines Science, Arthur P. Molella and Nathan 
Reingold. Paradigms and Normal Science in Psycho- 
logy, Walter B. Weimer and David S. Palermo. The 
Development of Specialities in Social Science: the 
Case of Ethnomethodology, Nicholas C. Mullins. 
Towards a Theory of Science Policy, Karl Kreilkamp. 
‘D & R? Allocations in the United States, Harold 
Orlans. Edited by Dr. Roy MacLeod, Science Policy 
Research Unit, University of Sussex, and Dr. David 
Edge, Science Studies Unit, University of Edinburgh. 
Published by Macmillan Journals Ltd. 


Annual Subscription £8.50 (£9.50 U.S.A. and Canada). 
Prices applicable only to orders started before 31st 
December, 1974. Payment made be made in any 
currency at the current exchange rate. Orders must be 
accompanied by remittance. Cheques should be made 
payable to: Macmillan Journals Limited, Subscription 
Department, Brunel Road, Basingstoke, Hampshire 
RG21 2XS, England. 


rentiation 


Differentiation, published bi-monthly, provides the 
opportunity for interdisciplinary communication. This 
journal offers up to date information and synthetic 
views of a problem underlining the whole biological 
phenomenon ~— differentiation. It aims to cover the 
following areas of study: embryonic differentiation, 
normal cell growth and division, carcinogenesis and 
the cancer problem as an aspect of cell differentiation, 
inter-tissue reactions in vivo and in vitro, genetic 
mosaicism, nucleo-cytoplasmic interactions, nuclear 
transplants, cell hybridization, evolutionary biology, 
membrane controis of the celi, plant evolution and 
differentiation, immunological events relevant to 
differentiation. 


Recent papers include: 

Degree of differentiation in non-proliferating cells of 
mammary carcinoma, C. V. Wylie, P, K. Nakane and 
G. B. Pierce. ONA synthesis and the production of 
antibodies by lymphoid tissues, G. Harris. The 
principle of sequential dependence in ceilular 
differentiation, P. A. Riley. Edited by: Dimitri Viza. 
Faculté de Médecine Pitié Salpétriere, Paris. 


a 
Annual subscription £20 (£22.00 U.S.A. and Canada). 
Prices applicable only to orders started before 3ist 
December, 1974. Payment may be mede in any 
currency at the current exchange rate. Orders must be 
accompanied by remittance. Cheques should be made 
payable to: Macmillan Journals Limited, Subscription 
Department, Brunel Road, Basingstoke, Hampshire 
RG21 2X5, England. s 


Marine Pollution Bulletin is published monthiy and 
sets outto cover ali aspects of the fight for life of lakes, 
estuaries, seas and oceans. it includes news, com- 
ment, reviews and research reports not only on the 
threats of noxious substances to marine life but also 
on the management and productivity of the marine 
environment in general. H publishes accounts of new 
and proposed research programmes as well as the 
results of those in progress. 


Recent research reports include: 

Distribution of Caesium-137 in British Coastal Waters, 
D. F. Jefferies, A. Preston and A. K. Steele. Export of 
Lead from Salt Marshes, M. Banus. |. Valiela and J. M. 
Teal. International Scope of Marine Pollution Damage, 
D. P. Tihansky. Effects of Red Mud on Marine Animals, 
R.A. A. Blackman and K. N. Wilson. Pollution Problem 
of the Golden Horn, M. Karpuzcu. 


Annual Subscription £6.50 (£7.50 USA and Canada). 
Prices applicable only to orders starting before 31 
December 1974. Payment may be made in any cur- 
rency at the current exchange rate. Cheques should 
be made payable to Macmillan Journais Ltd., Sub- 
scription Department, Brunel Road, Basingstoke, 
Hampshire RG21 2X5, England. 


SCIENCE 
& POLITICS 


Jean-Jacques Salomon 


The most original account yet of 
science's inextricable link with political 
power and the benefits and dangers of 
this close association. Based on world 
wide information concerning science 
policies, data and cases, Jean-Jacques 
Salomon presents a new definition of 
the scientist's role in society. 

£5.50 


Macmillan 





ST 7 == = I a ye , 


Nature Vol. 249 May 31 1974 


C 


na 


Volume 249 


Nuclear hypocris 

in India j i 

‘NOTHING will better serve the interests of those who are 
hostile to us than for us to lose our sense of perspective and 
to undertake measures which would undermine the basic 
progress of the country. We believe that to be militarily 
strong, it is equally important to be economically and 
industrially strong’. Thus Mrs Gandhi in 1968 in declaring 
that India would develop her atomic energy programme 
exclusively for peaceful purposes. In the strictest sense, the 
recent detonation by India of a nuclear device does not 
violate any of the carefully worded statements of the past. 
But if the Indian government believes it can explain away 
its possession of nuclear devices by careful wording of state- 
ments, and can justify a peaceful-purposes programme on 
economic grounds it is guilty of wicked hypocrisy. Whatever 
the celebrations in India, scientists there should know that 
they gain no increased respect from scientists in other 
countries for producing a nuclear explosive, rather they 
lose it for being party to such a transparent deception. 

The explosion was detonated in the Rajasthan desert— 
a mere 90 miles from the Pakistan border—and had a yield 
of 10 or so kilotons, It was fired sufficiently close to the 
surface (perhaps no deeper than 100 metres) so that it 
produced a large crater, the purpose of which, apparently, is 
water storage. There are no immediate reports of radio- 
active leakage so the experiment must have been done with 
some delicacy. There have been several cratering shots both 
in the United States and the Soviet Union and the literature 
on the subject is relatively open. 

Can a nuclear explosives programme be purely peaceful? 
There is nothing in the science and technology which differ- 
entiates between peaceful and military devices, so the 
distinction can only be in the mind of the firer. Whatever 
Mrs Gandhi may say about her own intentions she is not 
going to dismantle the devices when she resigns from office, 
and her successor could well have much more aggressive 
intentions. Even in Mrs Gandhi's term of office a political 
situation could easily arise in which the Government ‘with 
the greatest reluctance’ was forced to consider the option of 
commandeering peaceful devices for warlike purposes. Thus 
India possesses all the psychological and physical ingredients 
for a nuclear deterrent and deceives none of its neighbours 
by talking about making holes and mining copper. The 
means of delivery are also there in the form of Canberra 
bombers; despite recent pronouncements India does not 
need missiles to become a military nuclear power to be 
reckoned with. 

Can India afford it? It costs several hundred million 
pounds to develop nuclear devices. The cost of the hole in 
the desert and of any future project could if produced in 
more conventional ways hardly amount to this—and could 
employ and feed large numbers of people. If the programme 
is to be justified on its peaceful benefits, and is not to 
‘undermine the basic progress of the country’ the govern- 
ment has a lot of explaining to do to its people, particularly 
the hungry ones. For a country with a GNP per capita of 
oa there are surely more effective economic ventures than 
this. 

What will be the impact on other potentially nuclear 
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countries? The test is bound to trigger concern in Pakistan, 
but a more important question is the reaction of many other 
countries with nothing to fear from India. There are several 
abstainers from the Non-Proliferation Treaty who are bound 
to feel increasing pressure as a result of India’s action, 
notably Israel and South Africa. India has compounded 
the seriousness of the situation by showing not only that 
even a poor country can make nuclear devices but also that 
there is a way in which they can be given some sort of 
flimsy justification in terms of peaceful uses. 

Two golden opportunities have been lost. If India had 
been prepared to press her need for peaceful nuclear 
explosives in international circles, it is not out of the 
question that she could have been responsible for establish- 
ing some sort of agency which would have removed peaceful 
explosions from their present national basis. And if the 
present nuclear countries had busied themselves more over 
nuclear arms control in the past 5 years, they would have a 
better moral platform from which they could harangue 
proliferators. 





100 years ago 





AN excellent device has been forwarded to us for use in feld- 
club excursions. It is designed to promote an interest in common 
flowers, and can of course be varied and worked without a prize. 
It consists of a large envelope, with a description, but not the 
name, of a plant, and directions as to what ought to be done 
with the plant when found. ‘The particular envelope, forwarded 
to us by Mr, Higgins of the Liverpool Naturalist’s Club, con- 
tains the following on its back :— 


—E a n ——— ——— - + _ — <a — 


EXTRA PRIZE, 





DESCRIPTION OF PLANT, 
Leaves opposite, Sessile, Lanceolate, Acuminate. 
Sepals 5, half as long as the 5 deeply-cleft Petals, 
Stamens 10, Styles 3, height about 12 in. 





Members finding a plant answering to this description should take it 
| to the President or Botanical Referee, with their name signed at the 
foot of this slip. When correct the slips will be initialed and handed 
to the Secr - ‘The finder should be prepared to answer questions 
| onthe description; but the name of the plant will not be officially 
announced till after tea, 


A Prize or Prizes will be awarded at the end of the Season to those 
most succe@ful. 





Signal, __ 


| 
| 
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European space 


looks forward to the 1980s 








This survey is by Adam Dattner, 
Assistant Director of ESRO. 

THe new unified European Space 
Agency (ESA) is scheduled to come 
into being next month. It will carry on 
with the execution of various space 
programmes which have already been 
decided on and initiated in the frame- 
work of ESRO (the European Space 
Research Organisation). 

The accomplishments of ESRO so 
far have been mainly in the field of 
scientific space missions, and the seven 
scientific satellites launched between 
1968 and 1972 have all been remark- 
ably successful. This record of tech- 
nical success has resulted in a number 
of scientific achievements, mainly in 
magnetospheric physics and astronomy 
but also in solar physics and aeronomy, 
In particular, remarkable ultraviolet 
observations of stars have been made 
with high spectral resolution, as well 
as one of the first attempts at measur- 
ing celestial y rays. 

Four of the satellites launched are 
still in orbit and operating success- 
fully. In particular two highly eccentric 
orbit satellites, HEOS Al and HEOS 
A2, which measure the properties of 
magnetospheric plasma, solar wind 
and the interplanetary magnetic field 
out to some 30 Earth radii. ESRO IV, 
in a near-Earth orbit, measures a 
variety of charged and neutral par- 
ticles, their temperature, density and 
composition—particles typical of the 
upper ionosphere as well as those of 
solar origin. TDIA, apart from its de- 
tectors for solar, X and y rays, as well 
as celestial X and y rays and primary 
cosmic rays, has two ultraviolet tele- 





scopes aboard for high resolution 
stellar spectroscopy and celestial 
scanning. 

The development programme at 


present being carried out and the one 
planned for the near future include 
sophisticated missions which will pur- 
sue the exploration of the Earth's 
environment with investigation of the 
magnetosphere, using the GEOS space- 
craft (a geostationary satellite to be 
launched in 1976) and IME (Interna- 
tional Magnetospheric Explorer to be 
launched in 1977 as a part of a three- 
spacecraft collaborative mission with 
NASA). 

Both will measure typical magneto- 
spheric parameters but GEOS is 
characterised by its extremely high 
data flow and advanced experimental 


techniques; IME together with the 
other NASA spacecraft will provide a 
tool for a synoptic study of the mag- 
netosphere where spatial variation of 
local parameters is separated from the 
temporal one. 

In the field of astronomy the Euro- 
pean community of astronomers is to 
participate in the joint United King- 
dom/NASA IUE (International Ultra- 
violet Explorer) geostationary mission 
which is to carry a high resolution ultra- 
violet telescope and spectrometer to 
which the European scientists will 
have access through a Data Acquisi- 
tion ground facility in Spain. Also in 
astronomy, but this time not ultra- 
violet, are the ESRO missions COS-B, 
carrying a y-ray telescope and 
EXOSAT carrying an X-ray telescope; 
the latter mission will no doubt bring 
X-ray astronomy a step further, thanks 
to the excellent angular resolution that 
can be obtained by using lunar occul- 
tation. 

Looking to the still more distant 
future, the scientists are now studying 
missions of various kinds and one of 
the dilemmas they will eventually face 
is brought about by the development 
of Spacelab. This facility will have 
features distinctly different from those 
the scientists have been used to in 








OTS : orbital test satellite 
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previous missions: the substantially 
larger payload capability will enable 
them to accommodate large instru- 
ments and crew but the orbital limita- 
tions will make in situ magnetospheric 
measurements beyond, say, 1,000 km 
altitude impossible. Furthermore the 
duration of missions will be limited but 
repetition of them will probably be quite 
frequent, and man’s presence aboard 
will make the missions more flexible. 
The requirement for long period mon- 
itoring will no doubt remain and 
automatic satellites in many fields of 
research will complement the measure- 
merts on board Spacelab. 

Astronomy remains one of the main 
areas of interest with continuing in- 
vestigations in the ultraviolet, X-ray 
and y-ray regions of the spectrum and 
extensions into the infrared. 

Future missions being studied aim 
at infrared. observations using either 
automatic satellites for sky surveys, or 
a larger Spacelab-borne telescope with 
good pointing accuracy for measure- 
ment of emission and absorption lines. 
Furthermore advanced missions in 
ultraviolet and X-ray celestial spectro- 
scopy are envisaged, mainly using 
Spacelab. Solar physics with high 
spectral and spatial resolution remains 
at the centre of interest, using both 
Spacelab-borne telescopes and auto- 
matic satellites, depending whether the 
misison objective is a detailed, high 
resolution study of phenomena that 
cannot be observed from the ground 
or continuous monitoring of the solar 
disk. Also a Spacelab-borne facility 
for magnetospheric, ionospheric and 
atmospheric research is being con- 
sidered, as well as automatic satellites 
for measurements of fields and par- 
ticles out of the ecliptic plane or far 
out in the Solar System. 

Since 1971 ESRO activities have also 
been oriented towards space appli- 
cations on which heavy emphasis has 
been placed. The Meteosat programme 
is to be Europe’s contribution to the 
space element of the Global Atmos- 
pheric Research Project (GARP) 
which will be carried out in 1976 and 
1977 prior to establishing a worldwide 
system to be part of the World 
Weather Watch (WWW). The geo- 
stationary Meteosat project will carry 
a radiometer to provide good resolu- 
tion photographs of the Earth in the 
visible and infrared. As from late 1973 
the project has been in the develop- 
ment stage and the satellite will be 
launched at the end of 1976. 
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\ geostationary satellite, the Orbital 


lest Satellite (OTS), is under develop- 
ment for telecommunrcations, experi- 
ments and pre-operational use, its 
beam covering western Europe and 


the Mediterranean. It is to be a pre- 


cursor Of an operational communica- 
tions satellite system to Salisty the 
needs of the European Postal and 


lelecommunications Services in the 
early four years after the 
launching of OTS in early 1977. 

[he increased air-traffic density over 
nonpopulated areas and the inadequate 
high now 


used for 


19805. some 


frequency communications 


aircraft such 
rise to an obvious application of satel- 
lites for air traffic control. Aerosat a 
collaborative venture of ESRO and the 
United States aims at establishing a 
pre-operational system of geostationary 
satellites, in the first instance over the 
Atlantic 

Marots, the latest 
family of ESRO’s applications mis- 
sions, is another example of 
technology's potential for communica- 
The spacecraft technology being 
developed for OTS is perfectly suitable 
for maritime communications. The 
beam of the geostationary 
will cover large part of the hemis- 
phere centred on the Greenwich meri- 
dian. The spacecraft is 
launched in mid-1977, about six months 
after the launching of OTS 

Iwo othe: new projects recently in- 


over areas give 


newcomer to the 
space 


tions 


satellite 


going to be 


cluded in the ESRO programme are 
Spacelab and Ariane. The United 
States shuttle programme, now going 


ahead at full speed, will permit the 
placing into orbits of several hundred 
kilometres altitude of an aircraft-like 
vehicle roughly the size of the present 
DC9. The recovered at the 
end of well as many 
elements of the boosters 
launching [he ‘Sortie 
iS It is now called ‘Space- 
lab’ (a fully equipped modular lab- 
oratory placed into the vehicle) is 
being developed by ESRO as part of 
a collaborative programme with 
NASA Spacelab can consist of a com- 
bination of modular elements, assem- 
bled to either a cylindrical container 
some 6.5 m long and 4.5 m in diameter. 
other configurations consisting 
smaller Spacelab capsule and 
external pallets on which experimental 
equipment, such as astronomical tele- 
scopes and other can be 
mounted. The large volume available 
for experiments operated and main- 


vehicle iS 
each mission as 
associated 
used for 


Module’, or 


or to 


of a 


sensors. 





tained by humans, the large weight- 
carrying capability and the power 
available—all combined with a shirt- 
sleeve environment, with data proces- 


sing and other facilities aboard—destine 
Spacelab to become by early 1980 the 
most flexible tool for space experimen- 
tation and space operations ever built 

The missing element in Europe's 
space capability has always been heavy 
launchers. The Ariane launcher (ori- 
ginally the French L3S, now European- 
ised) is to fill the gap. A three-stage 
vehicle, using high energy propulsion 
in its third stage, will be able to place 
750 kg into geostationary orbit when 
launched from the Kourou range in 
French Guiana. Four test launches are 
foreseen between the beginning of 
1979 and mid-1980. 

[he almost simultaneous start of all 
the programmes described above, aad 
thus the concentration of launches in 
1976 and 1977, will put a strain in fhe 
next two to three years on Europe’s 
resources devoted to space. In spite of 
this the iffterest for other space pro- 
grammes remains, and several other 
applications are being “tively studied. 
Data transmission from a satédlite 


offer nte 


seems to 
and 
be another obvious 


television Oro 
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perience in expel 
Earth 
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r. Varley 
reports on 
North Sea 
energy 


Eleanor Lawrence 


Aaaautyaittstinreten 


ALL set fair on the energy front was 
the message that the Secretary of State 
_ for Energy, Mr Eric Varley, delivered 
. in his annual report to Parliament on 
the state of Britain’s oil and gas 
reserves (Preduction and reserves of oil 
and gas in the United Kingdom: a 
report to Parliament by the Secretary 
` of State for Energy, HMSO, 32p). 
Assuming the forecasts are correct, 
Britain should be self sufficient in oil 
by 1980. At present, consumption of 
oil in the United Kingdom runs at 
around 100 million tons a year and is 
< exepected to rise in the next 10 years. 
`: Oil production could well reach 100- 
140 million tons a year by 1980 and be 
sustained at this rate throughout the 
decade, says the report. Although pre- 
sent proven commercial reserves could 
not keep this sort of production up, It is 
confidently expected that further com- 
mercial finds will be made in areas 
already licensed in the North Sea, the 
Celtic Sea and areas that will be ex- 
plored when licences are granted. In- 
deed, as Mr Varley was introducing the 
report Occidental Oil announced a new 
find, the Claymore Field near its Piper 
Field off the Orkneys. 

But the estimates for the first oil 
ashore in 1975 have been downgraded 
from 25 million tons (last year’s esti- 
mate) to 5 million tons. This setback is 
due to delays in obtaining and installing 
pipeline and production equipment as 
a result of materials and labour pro- 
lems. 

On the thorny problem of finding 
building sites for the massive produc- 
tion platforms, Mr Varley said that he 
had no plans in hand to bring in legis- 
lation. At present the industry is not 
unduly worried about a shortage of 
platform building sites, but Mr Varley 
warned that his department would not 
hesitate to ask for legislation to speed 
up present planning procedures if it 
became necessary. 

The first oil ashore is expected to 
come from the big Forties field con- 


è 


trolled by BP. This is now expected to 
start production in 1975 after delays in 
installing steel production platforms 
that were supposed to have been in posi- 
tion in 1973. 3 

Estimated reserves of oil in the North 
Sea now total 895 million tons from 
proven sources with a possible total of 
2,950 million tons when all possible 
sources already discovered are taken 
into account. These figures compare 
very favourably with last year’s esti- 
mate of 70-100 million tons with 
reserves of 800~-1,300 million tons to 
be proved to sustain the forecast pro- 
duction level. The report stresses the 
difficulties in giving accurate estimates 
of production levels and reserves, espe- 
cially as no oil has actually come ashore 
yet. More realistic figures should be 
available when the fields have been 
operating for a few years. 

In contrast to oil, the North Sea gas 
industry has now been in operation for 
several years. Reserves remaining are 
estimated to be sufficient to provide 
between 5,000 and 6,000 million cubic 
feet a day, about double last year’s 
consumption, in the late 1970s. This 
rate of production could be sustained 
with existing reserves until the 1980s 
but unless new reserves are found pro- 


duction will then slowly decline. Ex- 


ploration for new reserves is now being 
concentrated in parts of the North Sea 
other than the heavily developed area 
off the south-east coast of England and 
the northern basin, which includes the 
Frigg field, and seems extremely pro- 
mising. 

Commenting on the report, Mr 
Varley said that Britain was better 
placed for energy in the medium term 
than many other industrial countries. 
In the 1980s some crude oil of the 
heavier grades would have to be im- 
ported for certain purposes such as the 
manufacture of lubricants but other- 
wise Britain would probably be physi- 
cally self sufficient for oil. When asked 
if he planned any further controls to 
prevent oil companies sending the oil 
abroad, he said that present regula- 
tions ensured that all oil from the North 
Sea would be landed in Britain and 
that present export licensing arrange- 
ments would be sufficient controls. 
Self sufficiency in oil means, however, 
that a great deal of the ail from the 
North Sea will have to end up as domes- 
tic and industrial fuel given current 
consumption in the United Kingdom. 
Some people ete of the opinion that 
the high quality North Sea oil is too 


valuable to burn and that Britain would 
get better value from her oil if it were 
chanelled into the manufacture of 
petrochemicals for export. 

Although he regards the turn of 
Britain’s energy fortune as very en- 
couraging, Mr Varley tempered the 
general air of euphoria with a warning 
that the oil and gas reserves will not 
last for ever and that the best possible 
use must be made of them. To these 
ends he committed his department to 
investigating ways of conserving energy 
although he conceded that this would 
be extremely difficult to do for the 
domestic consumer. 


Test ban talks 
draw liberal fire 


Colin Norman, Washington 


THe recent announcement that the 
United States and the Soviet Union 
are trying to negotiate an agreement 
which will limit the size of under- 
ground nuclear explosions (but not 
ban them entirely) has drawn fire 
from the Federation of American 
Scientists (FAS), an intellectually 
heavyweight organisation which lob- 
bies chiefly for arms control, and from 
a handful of liberal senators. The 
federation has warned that such a 
treaty would probably have little effect 
on the development of new nuclear 
weapons and that it would have no 
effect on nuclear proliferation. 

The fact that a so-called threshold 
treaty is under discussion surfaced 
earlier this month, before India joined 
the nuclear club, and it is generally 
believed that some form of agreement 
will be ready for President Nixon to 
sign when he travels to Moscow for a 
summit meeting at the end of June. It 
is cynically being viewed in Washing- 
ton as a device which will allow Nixon 
to maintain his self-proclaimed image 
as a peacemaker even though he will 
be unlikely to bring back from 
Moscow any major new arms limita- 
tion agreement resulting from the 
strategic arms limitation talks. 

A threshold test ban treaty is likely 
to set a limit on the magnitude of 
seismic signals which can be sent out 
by an underground nuclear explosion. 
In other words, it will enable both the 
United States and the Soviet Union to 
carry on testing small nuclear devices 
provided that they do not send out 
seismic signals greater than whatever 
threshold is negotiated. 
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An FAS statement, released at a 


press conference last week and 
endorsed by five former US dis- 
armament negotiators, argued that 


unless the threshold is set at a very 
low level it is unlikely that the number 
of tests wiil be reduced below their 
present level. This is particularly true 
since two major weapons programmes 
—the developement in the United 
States of small, low yield tactical 
nuclear explosives and the building in 
the USSR of new and improved MIRV 
warheads—require tests which will 
probably be below the threshold. 

As Dr James Leonard, the US 
ambassador to the Geneva disarm- 
ament negotiations between 1969 and 
1971 and now a Vice President of the 
United Nations Association, put it at 
the press conference, “A threshold 
treaty is a reflection of the philosophy 
that the United States needs to keep 
testing”. 

The FAS also emphasised the diffi- 
culties that would be involved in mak- 
ing sure that a threshold treaty is not 
violated. Since the seismic signals sent 
out by an underground explosion 
would not necessarily be of the same 
magnitude at all instrumentation 
stations, an explosion which in fact is 
below the threshold could register as 
being above it. “Thus, not only will 
the negotiation of an international 
verification system be extremely diffi- 
cult’, the statement says, “but even 
with the best of intentions suspicions 
of cheating are likely to arise”. 


Another serious reservation ex- 
pressed by the FAS is that a threshold 
treaty would do little to halt the 


spread of nuclear weapons—a_ topic 
which has suddenly been thrust into 
the foreground with the announce- 
ment of India’s first successful nuclear 
test on May 18. Leonard, for example, 
Suggested that such a treaty “would 
be seen by others in the world not as 
a serious disarmament measure but as 
a sham—a fraud by the United States 
to protect its right to test”. He added 
that “it would not only be seen that 
way, it would be used that way”. 
Since many non-nuclear nations 
have refused to sign the nuclear non- 
proliferation treaty unless the super 
powers limit their development of 
nuclear weapons, a threshold treaty 
which allows continued testing would 
do little to improve the prospects for 
halting proliferation. Similar senti- 
ments were also expressed last week 
by Senator Edward M. Kennedy, who 
warned that a threshold treaty “would 
be seen by many nations. . . as con- 
tinued hypocrisy by the super powers”, 
Kennedy, who has recently returned 
from a trip to the Soviet Union re- 
ports that he is convinced that the 
time is now ripe to press ahead with 
negotiations for a comprehensive test 


DESPITE fears that the higher en- 
trance charges as a result of the intro- 
duction of Value Added Tax would 
discourage visitors, both London Zoo 
and Whipsnade had even higher at- 
tendances last year and finished 1973 
in surplus. For the first time since 
1968 more than two million people 
visited the London Zoo in 1973, 
spending a,total of £1 million. Intro- 
ducing the Annual Report, the Secre- 
tary of the Zoological Society, Lord 
Zuckerman, said that the high attend- 
ance, in the absence of an outstanding 
animal event or the opening of any 
major building, reflected the very high 
standard of ‘normality’ at the Zoo. 
The cost of the research and educa- 
tional programmes that the society 
maintains amounted to more than £0.5 
million in 1973. The two research in- 
stitutes in the society's grounds, the 
Nuffield Institute of Comparative 
Medicine and the Wellcome Institute 
of Physiology cost £189,000 and 
£49,000, respectively, to run last year 
and of this the society directly con- 





ban. He said that from his ‘“‘discus- 
sions with Soviet leaders, I believe 
that they would be willing to move 


forward in this area”. 

Backed by 36 co-sponsors, Kennedy 
last year introduced into the Senate 
a resolution calling on the United 
States and the Soviet Union to seek an 
immediate moratorium on nuclear 
testing and to begin serious negotia- 
tions toward a comprehensive test ban. 
That resolution will be on the floor of 
the Senate in the next couple of weeks 
and if it is passed it will send a chear 
signal to the Administration. Since the 
Senate will have to ratify whattver 
treaty is negotiated, if it insists Sn a 
comprehensive treaty by passing 
Kennedy’s resolution intact according 
to some observers, “it could have one 
of two effects. Eitheeethe Administra- 
tion will try to negotiate a treaty® with 


White rhino’ born at Whipsnade, 1973 





tributed £183,600 from its income 
from such sources as entrance fees, 
Throughout the report, the theme of 
the rôle of the zoo in conservation +5 
apparent. Births in captivity of rare 
or endangered animals such as white 
rhinos, cheetahs and orang-utans are 
given prominence, and this function 
of the present-day zoo is picked up in 
another of the society's publications, 
the /nternational Zoological Yearbook, 
which for the first time has a special 
section devoted to the ethical and 
practical problems. of trading in and 
rearing rare wild animals. Geoffrey 
Schomberg, the Secretary of the 
Federation of Zoological Gardens of 
Great Britain and Ireland, writing in 
the Yearbook asks: “Are endangered 
species a proper object of retail trade 
in any circumstances?” Too many 
zoos, he says, While paying lip service 
to the ideals of conservation become 
fiercely competitive in acquiring rare 
specimens. 


as low a threshold as possible, or the 
hand of those within the Administra- 
tion who have argued for a com- 
prehensive ban will be strengthened to 
such an extent that the negotiations 
will be aimed not at a threshold but 
at a complete test ban. 

One concern voiced both by 
Kennedy and the FAS is that negotia- 
tion of a threshold treaty could fore- 
stall completely the achievement of a 
comprehensive ban. As the FAS state- 
ment put it, “We understand very well 
that the politics of summitry and the 
politics of impeachment both impel the 
Administration towards an arms con- 
trol agreement in June in Moscow 
but we do not want to see an im- 
portant element in our national secu- 
rity—the complete test ban—sold out 
ein favour of a much less useful 
agreement’’.* 

















































of Defence has at last admitted that it 
carried out an extensive weather modi- 
fication programme during the Viet- 
nam War. The operation, which took 
place between March 1967 and July 
- 1972, was designed to increase rainfall 
over the Ho Chi Minh Trail and make 
it difficult for the North Vietnamese 
to move troops and equipment into 
South Vietnam along muddy roads 
and jungle trails. 
= The Pentagon’s admission came 
during top secret hearings held by a 
“Senate subcommittee, on March 20, a 
rapsccit of wach was mage ae 


oy: and ‘that ee is now a deep 
division of opinion within the Depart- 
ment. of Defence about their effec- 
tiveness. A a 

\ccording to testimony given at the 
earings by Lieutenant Colonel Ed 
oyster, a total of 2,602 cloud seeding 
missions were flown over Laos, Cam- 
-bodia and North and South Vietnam, 
and 47,409 cannisters of silver and 


ve-year ‘programme, The objective 
§ to supplement natural rainfall 
ring the normal rainy season, and 
xtend its length, thereby causing 
slides, washing out bridges and 
generally turning trails into a sea of 
mud. 








reported in newspapers for about 
three years that the United States in- 
dulged in rainmaking operations dur- 
ing the Vietnam War, the extent of 
the programme revealed during the 
Senate hearings has surprised many 
observers. 
= The operations resulted from an 
xtensive test carried out in October 
966 in Laos. According to Soyster’s 
estimony, 56 cloud seedings were con- 
ucted, with a success rate of more 
than 85%, and the Commander in 
Chief of Pacific Operations concluded 
that rainmaking over the Ho Chi 
Minh Trail “could be used as a valu- 
able tactical weapon’, Operational 
cloud seeding missions began on 
March 20 the following year. 

An air force base in Thailand was 
used for the operation which was car- 
ried out with weather reconnaissance 
aircraft. In short, cloud seeding con- 
sists of dropping burning photoflash- 
‘type cannisters into an updraft in a 
cloud mass. As the cannisters burn, 
silver iodide or lead iodide is produced 
and this acts as a seeding agent, caus- 
ing drops of moisture to form in the 
cloud, which eventually fall as rain. 


tion cost about $3.6 million a year. 





AF TER years of secrecy, evasion. and ae 
even outright denials, the Department — 


lead iodide were expended during the 


Although it has been rumoured and 


The entire military rainmaking operat 


Vietnam rainmaking 


Colin Norman, Washington 





Initially, the area chosen for cloud 
seeding consisted of South-eastern 
Laos and a small area of North Viet- 
nam, but later in 1967, operations 
were extended into North Vietnam 
and a small region of South Vietnam. 
Finally, in 1972, portions of Cambodia 
and a larger region of South Vietnam 
were included. 

All cloud seeding activities over 
North Vietnam were, however, halted 
on November 1, 1968, the day that 
President Lyndon Johnson ordered a 
bombing halt, and they were never 
reinstated. And the entire operation 
was ended on July 5, 1972——just two 
days after the New York Times pub- 
lished a lengthy account of the 
Pentagon’s rainmaking activities. 

Soyster told the committee that al- 
though it was usually possible to seed 
every cloud within a target area, 
priority was given to seeding clouds 
directly over roads, intersections and 
river crossings, which indicates an 
accuracy for the operation far greater 
than many independent observers 
believe possible. 

How successful was the programme? 
According to Soyster, the Defence 
Intelligence Agency calculated that 
“rainfall was increased in limited areas 
up to 30% above that predicted for 
the existing conditions”. He added 
that sensor recordings of movement 
along the Ho Chi Minh Trail “‘in- 
dicated enemy difficulties from heavy 
rainfall’, and said that in April 1971 
there were about 9,000 enemy logistic 
movers in Laos each week, but by the 
end of June the number had dropped 
to 900. The greatest decreases in troop 
movements came during the first week 
in June, when a typhoon struck the 
area, and during the third week in 
June, when the Pentagon’s rainmak- 
ing activities were at their height. 

The Pentagon’s admission that it 
has indulged in weather modification 
came after persistent attempts by 
Senator Claiborne Pell, a Rhode 
Island Democrat, to get at the facts. 
Pell, who is Chairman of the Subcom- 
mittee on Oceans and International 
Environment of the Senate Foreign 
Relations Committee, proposed a 
resolution which the Senate passed last 
year by a vote of 82 to 10 calling on 
the , United States Government to 
launch international negotiations 
aimed at banning weather modifica- 
tion as an instrument of war, and it 
was his subcommittee which held the 
top secret heatings on the military 
rainmaking operations. The transcript 


l of those’ hearings was ‘dectadsified: by 


Secretary of Defence James 
Schlesinger. 

Details of the rainmaking ee 
were held in strict secrecy, presumably 
because of the sensitivity of the pro- 
gramme. According to Soyster, indi- 
vidual mission reports were trans- 
mitted through special communication 
channels to the joint chiefs of staff, 
who made periodic reports tọ the 
Secretary of Defence and the White 
House. 

Furthermore, since reports and 
rumours of the operation appeared in 
the press, the Pentagon has been more 
than evasive on the matter. During 
hearings held by the Senate Foreign 
Relations Committee in April 1972 
for example, then Defence Secretary 
Melvin Laird was asked whether the 
military had ever indulged in rainmak- 
ing activities. He replied: “We have 
never engaged in that type of activity 
over North Vietnam”, but in January 
this year he wrote to the committee to 
apologise for his mis-statement, saying 
that he was unaware of the weather 
modification operations carried out 
over North Vietnam by the Johnson 
Administration. He was, of course, 
fully aware of the rainmaking activi- 
ties he had authorised over Laos, 
Cambodia and South Vietnam, but 
simply evaded any mention of them. 

The Pentagon’s obsession with the 
secrecy of the programme was taken 
to its final extreme in 1972, when it 
refused even to supply details of the 
operation to an interagency task force 
chaired by Herman Pollack, director 
of the bureau of international scien- 
tific affairs in the Department of 
State, which was trying to develop 
administration policies on both mili- 
tary and civilian weather modification. 
Although that study itself was clas- 
sified, the Pentagon has now admitted 
that the rainmaking operations were 
so heavily classified that it refused to 
turn over any information to Pollack. 

Since the skies over South-east Asia 
were raining high explosives and all 
manner of unsavoury weapons during 
the Vietnam war, why did the Depart- 
ment of Defence choose to hide the 
fact that it was tinkering with the 
weather? One reason is that the 
whole area of weather modification 
is a sensitive one simply because it is 
a new area of warfare which may 
eventually open up some frightening 
possibilities. 

As Pell puts it, “We should not 
open the Pandora’s box of harnessing 
nature, of changing the weather or 
developing techniques to create ty- 
phoons or earthquakes with devastat- 
ing effects upon foes and neutrals 
alike. 1 believe this new kind of 
weaponry should be eschewed by 
developed, so-called civilised nations”. 
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Club of Rome 
associations 


David Spurgeon, Ottawa 


CANADA is the latest country to have 
formed a national association inspired 
by the Club of Rome. The decision was 
made at a meeting in Toronto early in 
May, and the venture has the backing 
of an impressive array of government 
and business officials. 

The association’s objects are “to pro- 
mote study and discussion among all 
segments of the Canadian public of the 
nature of world problems and the need 
to develop new policies, attitudes and 
courses of action to ensure a stable 
and viable future for mankind . ai 
More specifically, it will attempt to 
identify Canada’s role in the solution of 
world problems, and the implications 
for Canada of possible world solutions. 

Both the co-founders of the Club of 
Rome, Dr Aurelio Peccei of Italy and 
Dr Alexander King, who until recently 
was with the OECD in Paris, attended 
the Toronto meeting, which was opened 
with a welcoming letter from Canada’s 
Prime Minister, Pierre Trudeau. From 
their accounts it was apparent that the 
club—largely through the impact of the 
MIT study it sponsored, The Limits of 
Growth—had made considerable pro- 
gress in directing attention to world 
problems since its inception in 1968. 

One reason for thinking so, as 
suggested by Dr Peccei, is the establish- 
ment of a series of United Nations 
Conferences for discussion of world 
problems such as population, food, 
energy and materials. Another is the 
organisation in many nations of groups 
like the Club of Rome. 


As described by Dr King, these 
included a whole diversity of ap- 
proaches. The first was set up in 


Holland, which according to King is not 
surprising, because of its twin problems 
of dense population and heavy indust- 
rialisation. The Dutch association is a 
group of private people gathered in a 
nonparty organisation. 

The second—also not surprisingly, 
for the same reasons—was organised 
in Japan, on a different basis, backed 
by and formed as a committee of 
the techno-economic society. Groups 
in other countries include some not 
connected with the Club of Rome but 
interested in similar problems (for 
example, Great Britain and Austria), 
and luncheon clubs and groups of 
engineers or teachers in France, Den- 
mark, Belgium and Sweden. 

Finland has formed a more formal 
study group to determine what the role 
should be of a small, progressive 
country in the modern world; Switzer- 
land, with four Club members, invited 
four government members to discuss 
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BENEATH the elegant tapestries of 
the Schlosshotel, Kronberg, Germany 
a small group of biologists, philoso- 
phers and psychiatrists gathered re- 
cently to constitute the Boehringer 
Ingelheim Symposium on the Creative 
Process in Science and Medicine. 
Pictured above, listening to Sir John 
Eccles testify are, in the front row, 
Sir Hans Krebs, Jacques Monod, 
Manfred Eigen, Desmond Morris and 
Sir Karl Popper. What leads to some 
scientists being creative way above the 
average, and does the creativity of 
scientists bear any resemblance to that 
of artists and composers? Participants 
were decidedly coy about speaking 
other than in the abstract, despite 
Krebs’s personal example of trying to 
piece together how he came to produce 


agreed that 


new ideas. All seemed 
breaking out from conventional think 
ing was a major ingredient in creativity 
-the agreement was so con 
it must qualify as conventional thini 
ing and therefore Monod discussed 


plete that 


‘subjective simulation process 
almost of putting yoursell the posi- 
tion of the electron or whatever that 
you are thinking about. The debt of 


many participants to Popper was 
clearly great—an interesting contrast 
with the world of physical science 
where one’s impression is that there ts 
less understanding of what he ts about. 
Desmond Morris had probably 
the nicest story to tell—A_ journ- 
alist once asked Picasso: What is 
creativity? ‘I don’t know, and if I did 


I wouldn't tell you.’ 


— EEE 


Club of Rome thinking and found them 
receptive to the points where they 
decided that both the traditional 
political organisation and neutrality of 
the country was obsolete. 

But Dr King found some of the 
keenest interest in an unexpected place: 
South Africa. | was in South Africa 
recently, he said, “and, much to My 
surprise, found the Club of Rome 
better known in that country than in 
any other” Some citizens there ie 
formed an independent information 
group who just meej and talk. 

The Canadian Association 
Club of Rome 
charter as a corporation without Share 


for the 


hafeapplied for a, 


directors include the 


pulp 


capital. Its first 
president of the ind paper in- 
dustry’s research institute, Dr Pierre R 
Gendron; Senator Maurice 
tagne, whose committee 
ried out one of the most comprehensive 
studies of national! 
made: a retired oil company 
Mr Ronald Ritchie: the president of the 


Lamon- 
senate car- 
policy yet 
executive 


SCIC 


Ontario Research Foundation Dr 
William Stadelman: the former Chie! 
Science Adviser to the Federal Cabinet, 
now Dean of Applied Sciences at 
Queen's University, Dr Robert J, Uffen 
and a senior civil servant with many 


Years experience in Canadian Science 
. e , 
policy, Dr J. Rennie Whitehead 
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Canadian science 


Sirn,-In your issue of March 15, David 
Spurgeon offered his own interpreta- 
tion of recently announced changes in 
the structure of federal scientific activi- 
== ties. After reading his article, I cannot 
- avoid feeling that the author has done 





















a disservice to Canadian scientists. 

... Spurgeon makes the statement that 
the press releases of the Ministry of 
State for Science and Technology 
served only to confuse in an attempt to 
provide more detail about the rather 
general statements made in the throne 
speech. I submit that he is guilty of 
that particular offence. 

< “The question in the minds of some”, 
wrote Spurgeon, “was whether the 
ministry was finally becoming .. . an 
all-powerful, monolithic instrument of 
power in Canadian science policy”. He 
went on to say that a quick sampling 
of reaction in the science community 
“indicated that the ministry’s releases 
had indeed given this impression. The 
mple must have been a very quick 
me because, following the release of 
the information kit, a survey of Cana- 
dian scientific opinion published in the 
daily press indicated that most of those 
surveyed were not prepared to con- 
demn the changes out of hand but in- 
stead would wait for specific actions 
before passing judgment. 

Spurgeon cites, as perhaps the most 
confusing element of the announce- 
ment, the failure of the ministry to 
<o mention anything about possible new 

= reporting relationships for the granting 
councils, Surely Spurgeon is hung up 
“on the administrative considerations he 
© vigorously condemns. Reporting 
. yelationships are simply provisions for 
-0 accountability to Parliament. What is 

important to every scientist are factors 

such as peer assessment of research pro- 

posals, the allocation of funds to the 

granting councils and the input of the 

granting councils to the Inter-Council 
¿= Coordinating Committee. All these 
<= factors were clearly dealt with in the 
ministry press releases. The reporting 
= ¢hannels for the existing granting 
= -gouncils have not been altered. 

Finally, Spurgeon questions the 
= separation of the granting function of 
=> the National Research Council of 
> Canada from the laboratory function. 
Such a separation, he says, will destroy 
a vital link between government re- 
search and industry. The changes prot 

posed for the NRC affect only the 
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university granting mechanisms. The 
traditional liaison between the NRC 
and industry will continue. 


Yours faithfully, 
AURELE BEAULNES 
Ministry of State, Science and 
Technology, 
Ottawa 


Journals jungle 


Sir,--I am writing in reference to the 
article “Science Journals in a Prices 
Jungle,” which appeared in the Nature 
dated February 15, 1974. That article 
discussed price rises of a variety of 
journals and listed “a record-breaking 
increase” for International Pharmaceu- 
tical Abstracts of “261%". I must res- 
pond to this kind of reporting since not 
all the information was included: this 
makes the information that does appear 


misleading. 
Prior to January, 1973, ZPA had two 
subscription prices—an institutional 


subscription price of $100.00 a year and 
a subscription price to individuals of 
$40.00 a year. A two-subscription price 
system was difficult to administer since 
many people who should have paid 
$100.00 were paying only $40.00, and 
so on. We were faced with having to 
increase both rates since we were losing 
money in the situation that existed at 
that time. The expense of publishing 
IPA was increasing each year and that 
just could not be balanced by income 
at existing subscription rates. After a 
thorough study of our subscribers, we 
decided to change to one institutional 
subscription price of $150.00 a year. 
The increase was from $100.00 to 
$150.00 and not quite as record break- 
ing as the article implied. We felt, how- 
ever, that we could not ignore the 
individual completely and therefore 
decided to offer an additional copy 
subscription rate of $30.00 a year (if 
one subscription exists at the $150.00 
rate, as many additional copies as 
desired can be obtained at the $30.00 
rate). 

Other facts relating to the change are 
thit we improved and expanded the 
seryices offered. All our promotional 
piecgs and literature at that time men- 
tioned that we would bee providing 
greater coverage, most abstracts, and 
that PA would beymore current. This in 
fact has happened, and in 1973 we pub- 
lished 13% mome* abstracts than we did 
in 1872 and IPA was on time. We did 
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follow through on our promises of 
additional services for the change in 
subscription price-~it was not just a 
price change for the same service. One 
other fact that seems to have been com- 
pletely overlooked is that /PA is still 
one of the lower priced secondary pub- 
lications. Most  abstracting-indexing 
publications are far more than $150.00 
a year. Possibly our real problem is that 
we began at too low a subscription price 
for /PA when it began. 

Yours faithfully, 

DwiGut R. TousiGNaur 
American Society of Hospital 
Pharmacists, 

4630 Montgomery Avenue, 
Washington DC 20014 


Kidney transplants 


S:R.-Why publish such a rank piece of 
scientific journalism as “Transplants: 
the failing machinery” (April 19, 1974)? 
The subject has always been an emotive 
one, but this is not an excuse for the 
lack of reason displayed and the dra- 
matic aura with which the article is 
surrounded. To use comparisons be- 
tween kidneys received from and con- 
tributed to the national donor pool as 
an indication of “reluctance .. . to 
share out kidneys which are not suit- 


able for their own patients” is nonsense 


unless some measure of the kidneys 
potentially available within an institu- 
tion by comparison with the size of its 
recipient pool is also given. Both St 
Mary’s and Hammersmith are hospitals 
with a large transplant programme in 
areas where irremediable cranial trauma 
is rare. Further St Mary’s does not have 
a neurosurgical service so that we see 
few patients with intracranial vascular 
accidents and such patients as we have 
with progressive primary intracranial 
malignant disease usually go elsewhere 
before they die. So we shall always be 
debtors rather than creditors. 

Is there unequivocal evidence that 
“lack of understanding and cooperation 
between doctors is largely to 
blame”? Of course, being human, we 
are too lazy, too hidebound and too 
hardworked always to do the right thing 
in complicated situations, but I do not 
know of data to suggest that a large 
number of kidneys are being fost 
through medical indifference. 

Yours faithfully, 
H. A. F. DUDLEY 
St Mary's Hospital, 
London W2 
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al aches have cows that the Earth's upper 
here {at altitudes of 150-400 km) is rotating about 
~30)", faster than the Earth itself. This phenomena has 
become known as super-rotation. Even though it was dis- 
covered by King-Hele in the early 1960s, the cause of this 
100 m s~? west to east wind is still a subject of considerable 
debate. The change in inclination because of super-rotatron 
is only about 0.1° during the satellite lifetime, and so spa- 
tial variations and short term effects are very difficult to 
detect. No clear evidence has been found of year to year 
variations, such as might be caused by the | l-yr-periodicity 
in solar activity, but over daily periods the wind seems 
to maximise between 2100 and 2400 local time. 

Possible causes of super-rotation are: 
@ Horizontal pressure gradients may be set up in the at- 
mosphere as a result of thermospheric heating by solar 
ionising radiation, and bombardment by energetic particles. 
The resulting global pressure distribution produces geo- 
strophic and cross-isobaric winds which are probably con- 
trolled by ion drag (the motion of the F region ions borne 
along by the neutral winds is strongly effected by the geo- 
magnetic field). A problem with this theory is that heating 
of the auroral zone, which takes place during magnetic dis- 
turbances, can reverse the mean meridional pressure 
gradient. This would cause a drastic change in the super- 
rotation, a change which has not been observed. 
© Super-rotation might be caused by lonospheric or mag- 
netospheric motions which couple with the neutral atmos- 
phere by collision processes. Meridional electric fields can 
move F region ions quite efficiently even in the presence of 
the geomagnetic field. An average field directed towards 
the equator could produce the super-rotation, and these 
fields have been observed in high northern latitudes during 
negative magnetic bays. The effect should, however, be 
enhanced during magnetic disturbances. This is contrary 
to observations. 
® The moving flame effect. A heat source acting on a fluid 
produces convective motion. Hf the heat source moves (as, 
for example, the Sun does in a westerly direction with re- 
spect to the Earth's atmosphere) the convective cells tilt, 
producing horizontal and vertical motions which interact to 
produce a mean horizontal flow. The flow rate is a function 
of the frequency of the heating function, and of the ratio 
of the kinematic viscosity and thermal diffusivity of the 
fluid. Permissible values of such parameters in the case of 
the Earths atmosphere unfortunately yield inappreciable 
amounts of super-rotation; a situation which compares un- 
favourably with the case of Venus where the upper atmos- 
phere rotates 50-60 times faster than the planet mainly 
because the heating function has a period of 240 days (the 
Venusian surface rotation aie. as opposed to | day on 
Earth. | 
© Atmospheric waves may ‘impart momentum te@ the F 
region, in which they are dissipated. If transmission eff- 
ciency. depends on the direction of wave propagation, a net 
s; ` motion can be produced. As wave velocity is an inverse 
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function of density, an imperceptible mean 
levels can produce the observed thermos 
@ The Scott effect may produce super-rotatie 
brass cylinder suspended in a cylindrical vessel. 

low pressure gas, experiences a torque when 
magnetic field is applied, and if a temperature gri 
up between the cylinder and the vessel. This effect n 
act on the atmosphere. 

At present it seems that none of these theor 
plain the phenomena of super-rotation complet 
theory has now been put forward by Ved Mi 
Department, MNR Engineering College, Allah 
in a recent edition of Planetary and Space Seier 
1974). In this case, super-rotation is caused by n 
deposition. The meteoroids, small interplanetary dust 
ticles which mainly originate from decaying comets, 
which move in elliptical orbits around the Sun, carry, 
average, a greater amount of angular momentum - G 
corresponding to the Earth’s orbit. When they inte 
the Earths atmosphere the angular momenturn 
conserved and therefore the excess orbital anguis 
tum of the meteoroids becomes manifest as ë 
angular momentum in the atmospheric layers in wi 
are arrested. 

Mitra assumes firstly that the majority of the 
deposited in the atmosphere is in the form of partici 
masses 10°°~10-°g. These meteoroids are assumed to 
orbits similar to those of the larger meteors iio 
recorded photographically by super-Schmidt cameras. 
the Harvard photographic meteor project. The o 
in the main, within Jupiter’s orbit, with low H 
and high eccentricities and direct motion. When t 
ticles collide with the Earth's atmosphere they cause 0 
‘spin up’. 

For example, particles coming from behind 
will be accelerated by gravitational attraction, 
crease in velocity will cause them to move awa 
Sun and collide with the Earth from outside, g 
prograde spin. Particles in front of the Earth, 
orbits, will lose velocity because of gravitational i 
strike the Earth on the Sunward side and agai 
prograde spin. This increase in spin during gi 
accretion is exactly the same process propo. 
Alfvén for the origin of planetary rotation in toe 
System. 

Mitra calculates the orbital angular moment 
mass for the incident meteoroids, and by cor 
with the angular momentum of the Earth nds 
required to produce the observed super-ro 
100 m s~ in the atmospheric layers above 15 
answer comes to 34 tons a day, a value in excel 
ment with that of 43.5 tons a day obtained by 
(Smithson. Astrophys Inst. Prepr, No. 239, 19 
however, considered the Earth as a nongravitat 
55 tons a day by Dohnanyi (Icarus, 17, 1. 1972) — 
results of s&tellite-borne penetration expen 
ground-based® visual and radar observations, and - 
day obtained by Zook ef al. (Planet. Space Ser 
1970) obtained from observations of 
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mic 
impact on the window of Gemini spacecraft. = 
e Unfortunately, there are two problems with 4 
argument. Bhe first is minor amd concerns the size 
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the incident particles. Recent work (for example, Hughes, 
Space Res., 14, 789; 1974) indicates that about 95% of the 
mass incident on the Earth is in the form of particles of 
mass 107°-10-¢ which have very low geocentric velocities 
and different orbits from those assumed by Mitra. 

The second point concerns Mitra’s assumption that “the 
effective deceleration of the velocity initially possessed by 
a meteoroid takes place in the 150-400 km region”. This is 
contrary to visual and radar observations of the more 
massive meteoroids (> 10g) which have maximum 
ablation at heights of about 90 km. Either it must be 
assumed that the super-rotation is produced by the minor 
amount of ablation and momentum transfer that occurs at 
heights above 150 km, in which case Mitra’s 34 tons a day 
influx must be increased accordingly, or a process of 
momentum transfer from the lower layers where the 
ablation occurs to the regions of super-rotation must be 
invoked; similar to that propounded for the transfer of 
atmospheric wave energy. 

It seems therefore that the cause of super-rotation stil 
remains a mystery and that the Earth’s spinning upper 
atmosphere is still the happy hunting ground for new 
theories. 

Davip W. HUGHES 


The collagen 

triple helix 

JAMES WATSON, in his Nobel address on the work which led 
to the Watson—Crick model for DNA, spoke of his fear 
that this structure might have turned out to be “dull and 
uninteresting, like collagen’. In the event, collagen has 
turned out to be a most interesting protein which has 
occupied the attention of workers from a wide range of 
disciplines. 

Recently, attention has been focussed on the intracellular 
process by which the three polypeptide subunits (a chains) 
of monomeric collagen form its characteristic triple-stranded 
helix. The very slow and incomplete in vitro renaturation 
of a chains derived from extra-cellular collagen led to the 
proposal by Speakman (Nature, 229, 241; 1971) that the 
æ chains as initially synthesised might have peptide exten- 
sions. It was postulated that these extensions or ‘registration 
peptides might serve to bring the three a@ chains into a 
conformation which would allow rapid formation of the 
triple helix. Subsequently much evidence has accumulated 
to indicate the existence of a precursor of this type (called 
procollagen) during the biosynthesis of collagen in a wide 
variety of tissues, and some of the properties of procollagen 
have been defined (reviewed by Schofield and Prockop, 
Clin. Orthopaed. Rel. Res., 97, 175; 1973). Initially con- 
siderable controversy existed about the size of these exten- 
sions and their amino acid composition, but there now 
seems to be general agreement that type I and type H 
procollagens comprise polypeptides of 120,000-125,000 
daltons. Moreover, it seems that all pro- a chains contain 
cysteine, an amino acid not usually found in extracellular 
interstitial collagen, with the possible exception of a newly 
discovered form of collagen (type IH) recently isolated from 
several human tissues (Chung and Millere Science, 183, 
1200; 1974). 

The demonstration of the presence of c¥steine in pro- 
collagen suggested that disulphide bonding otcurs between 
the pro- « chains and several groups have now reported that 
procollagen is secreted as a _ triple-stranded disulphide- 


stabilised molecule of molecular weight of about 360,000° 


daltons. Similar observations haves been reported by 
Monson and Bornstein (Proc. natn. Acad. SA. U.S.A., 70, 
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3521; 1973) who also demonstrated that the procedures 
used previously in their laboratory for the extraction of 
procollagen from cranial bones resulted in partial cleavage 
of the extension peptides by endogenous proteases such that 
the regions containing the interchain disulphide linkages 
were lost. This finding reconciles several apparently con- 
flicting reports concerning the occurrence of interchain 
disulphide bonds in procollagen. 

The possibility of a relationship between the process of 
disulphide bond formation among pro-« chains and that of 
triple-helix formation was suggested by studies reported by 
Grant et al. (J. biol. Chem., 248, 7432; 1973) on the bio- 
synthesis of a basement membrane collagen of embryonic 
chick lens. Procollagen secreted by lens cells was found to 
be linked by interchain disulphide bonds and in a triple 
helical conformation. By contrast, intracellular Jens col- 
lagen was found to be in a random coil conformation, and 
interchain disulphide bonds between the pro- chains were 
also absent. That the formation of the disulphide bonds may 
be of considerable importance in promoting the formation 
of the triple helix is also indicated by studies using pulse 
label and chase experiments in embryonic chick tendon 
cells (Schofield er al., Biochemistry, 13, 1801: 1974) and 
cartilage cells (Uitto et al, Fed. Proc., 33, 617; 1974). A 
close correlation was observed between the extent of inter- 
chain disulphide bonding among pro- chains and the extent 
to which the procollagen was in a triple-helical conforma- 
tion. The rates of these processes, however, seem to vary 
aceording to the cell type and may thus influence the time 
taken for secretion of procollagen from different types of 
cells. 

Further evidence of a role for disulphide bonds in pro- 
collagen synthesis comes from the work of Uitto and Pro- 
ckop (Biochem, biophys. Res. Commun.. 55, 904; 1973), 
Embryonic chick tendon cells were incubated at 37° C under 
conditions in which they synthesised and accumulated pro- 
tocollagen, (unhydroxylated procollagen) which is non- 
helical above 24° C. When the cells were cooled to 15° C, 
the intracellular protocollagen, which was shown to contain 
interchain disulphide bonds, became triple helical within five 
minutes. But when disulphide bonds in the amino-terminal 
extensions of protocollagen were reduced by treating the 
cells with dithiothreitol, the rate of helix formation on cool- 


of interchain disulphide bonds is probably a necessary pre- 
lude to helix formation. Whether or not this process is medi- 
ated by enzymes is unknown, but in tendon cells interchain 
disulphide bonding of procollagen polypeptides occurs in the 
rough endoplasmic reticulum soon after release of the com- 
pleted polypeptides from membrane-bound ribosomes (Har- 
wood ef al., Biochem. biophys. Res. Commun., 55, 1188, 
1973). 

A further factor in considering the formation of the 
collagen triple helix is the part played by hydroxyproline. 
Uitto and Prockop using protocollagen were able to dissoci- 
ate the disulphide bonding process from any influences 
exerted by hydroxyproline residues in the polypeptides. It is 
clear from studies of the denaturation temperatures of pro- 
collagen and protocollagen, however, that the absence of 
hydroxylated prolyl residues markedly decreases the thermal 
stability of the collagen triple helix (Jimenez et al., Biochem. 
biophys. Res. Commun., $2, 106, 1973; Berg and Prockop, 
ibid., 115). It seems therefore that the major role of hydroxy- 
proline is to maintain the procollagen polypeptides in a 
triple-helical conformation under physiological conditions, 
and that one of the chief roles of the amino-terminal exten- 
sions ig to facilitate chain association through the formation 
of interchain disulphide linkages leading to the formation of 
the trifle-helical structure in a time which is biologically 
feasible. 

D. S. JACKSON 
M. E. GRANT 
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ie British Isles 


; ordon L. Davies 


ç h 1832 Henry Thomas De La 
approached the Master General 
and Board of Ordnance offering to plot 
geological lines upon the ordnance 
maps of south-western England, and the 
outcome was the establishment in 1835 
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nt-Colon jel Thomas Frederiek Colby 
(FIBL1BSD), the Superintendent of the 
Ordnance Survey, had himself inaugu- 
rated an Ordnance Geological Survey of 
Ireland, and although it proved abortive, 
it was a pioneering venture that deserves 
to be remembered in this the year of 
its hundred and fiftieth anniversary. 
pee was keenly interested © 
geology (he had been a member of the 
Geological Society of London since 
1814) and he resolved to bring Irish 
geology within his purview when in 
1824 he was directed to extend the 
Ordnance Survey’s operations into Ire- 
land. The Irish rocks were to receive 
this particular attention because the 
survey was under instruction to publish 
maps of Ireland on the lavish scale of 6 
inches to the mile instead of the l-inch 
scale that was standard in Britain. Colby 
hoped that as his men worked their way 
across Ireland they would also be able 
to collect geological information as a 
byproduct of their normal topographical 
duties. Indeed, writing in February 1826 
he looked forward to the completion in 
Ireland of “the most minute and accu- 
rate Geological Survey ever published”. 
Initially Colby’s plan was that the 
surveyors would collect geological 
samples, mark the collection sites on 
maps, and then despatch both samples 
and maps to the survey’s Dublin head- 











Part of a geological panorama 


jedlogical’ Survey of Great 


quarters where a geologist would iden- 
tify the specimens and then interpolate 
geological lines on the maps. This seems 
to have been the procedure used when 
the survey began operations in counties 
Antrim and Londonderry in 1825, but 
the inadequacy of such random methods 
soon became apparent. In November 
1826, therefore, Captain John Watson 
Pringle (who lived about 1793-1861), a 
Waterloo veteran and a former pupil of 
Friedrich Mohs at the Freiberg School 
of Mines, was appointed to reshape the 
survey's geological activities. Under his 
direction the field parties were them- 
selves instructed in the construction of 
geological maps and sections, and for 


their guidance he prepared a pamphlet 


entitled Geological and Mineralogical 
Observations fifty copies of which were 
lithographed at the Tower of London 
in March 1827. From the surveyors 
Pringle expected a geological map of 
each parish accompanied by two geo- 
logical sections drawn from north to 
south and east to west, and he estimated 
that using his methods the geological 
survey of Ireland would be completed 
by 1834 at the trifling cost of £5,500. 
But Pringle’s methods were never 
accorded a fair trial because Colby’s 
superiors decided that geology was in- 
terfering with the survey's more legiti- 
mate topographical duties and in Sep- 
tember 1828 Colby was directed to cease 
all geological investigations forthwith. 
He did manage to revive the Irish Sur- 
vey's geological activities in January 
1830 when Captain Joseph Ellison Port- 
tock (1794-1864) took over the duties 
formerly discharged by Pringle, and the 
fruit of this resurrected geological sur- 
vey was Portlock’s classical map and 
memoir of the geology of Co. London- 
derry and adjacent areas published in 
1843. By then, however, the Geological 
Survey of Ireland was merely a poor 
cousin of the vigorous body that De La 
Beche had created in England, but this 
should not be allowed to obscure the 
significance of Colby’s achievment back 
in the 1820s. He had in 1824 inaugu- 


running north to south for 11 miles across the c 


Londonderry parishes of Drumachose and Balteagh. The original possesses a horizon- 
tal scale of 6 inches to 1 mile and a vertical scale of about 1 inch to 430 feet. The 
panorama which shows the Tertiary plateau basalts (blotched) resting upon Cretaceous 


chalk and 





| Triassic sandstone, is the work of two of Pringle’s officers, Lieutenants 


Lancey and Fenwick, and it is dated November 28, 1827. The topographical detail and 

geological inscriptions have. been lithogranhed and geological colours dhen added by 

hand, „and the panorama was evidently used as a specimen designed to show survey 
parties the type of work expected of them. 








rated the earliest official 
survey to operate within 
Kingdom and that oniy 3 ye 
the Corps Roval des Mines had 
in France the earliest of all p 
geological surveys. The Fren ch 
ors, however, did not si 
field until 1825, thes 
Colby’s men ‘broke grou 
Ireland. 
Sadly, Colby’s abor 
survey of 1824 never pu 
its work, but a few geological 
sections produced under Pri 
tion have recently come to li 
Dublin offices of the frish { 
and Geological surveys. Ses 
iiems have found a place if 
tion being staged in 
Dublin to mark the anniv 
foundation of the Ordnan 
Ireland. The exhibition of 


























































from our Chemical Physics Corres 


ANYBODY who, since the | 
built his own radio receiver 
of the advantages of superhe 
detection. Not merely can the 
amplifier be chosen for a conver 
frequency, but more importantly 
signal strength is proportional te - 
product of the electric field st 
of the weak incoming signa: 
powerful local oscillator in co 
the less favourable square of the: 
field for direct detection. | 

Hitherto these advantages have be 








denied to those who need to » 
weak infrared signals, becau 


lack of suitable local oscil: 
stability must be good compa 
the band width of the ampli 
infrared lasers have altered thus 
tion so that the whole preblem of” 
detection of weak infrared emi 
being considered. T ¢ 
prompted by an article by 3 
and Shumate C 184, a) 


detection of. eat at 
lutant gases. But as these at 
out, a wider range of apphc 
possible including the gath 
meterological information BY 
the atmospheric emission at 
frequencies. And it may not | 
before such detection systems 4 
in conjunction with astrononts 
scopes. Furthermore, when t 
infrared lasers are more readin: 
able the scheme can be used | 
junction with frequency scan 

The heart of the instrinne: 
mixer detector, in the present © 
copper-doped, germanium phe 
ductor. This receives the + 






S (10.53 »m), the figure was 5 x 
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chopped with what is effectively a cold 
chopper, and it also receives 40 mW 
of power from the c.w. laser at the 
frequency of interest. The detector is 
followed by a high radiofrequency 
amplifier broad banded from 10 to 
600 MHz, which amplifies the beat 
signal between the infrared sources. 
This device is then sensitive to radia- 
tion + 600 MHz (+ 0.02 cm™') from 
the laser with the exception of a 
narrow central gap. Providing in the 
absence of the emitter gas the source 
seems to be appropriately cold, a con- 
dition ensured in the laboratory by a 
cold surface beyond the back window 
of the sample cell, appropriate re- 
ference levels may be set and calibra- 


~ tion provided. 


The gas under study must, of course, 
emit at the frequency of the laser. 
Using a CO. laser at 1,109 em™ 
(9.02 »m) for SO. samples at room 
_ temperature, the emission was as little 
as 107 atm cm for the product of the 
-partial pressure of SO. and the cell 
Jength. For ethylene at 950 cm™' 
1077 
atm cm in the presence of an atmos- 
phere of nitrogen in each case. There 


a is little doubt that these figures could 
_. be appreciably improved with tunable 
lasers to ensure operation at the peak 


© of the gas line and also if the gas to 


= be detected formed a major component 


of the sample so that lower pressures 
could be used. 


Oestrogen and 
progesterone binding 


from our 
Steroid Biochemistry Correspondent 


Ir is well established that the steroid 
hormones oestrogen and androgen bind 
to specific receptor proteins in mam- 
malian reproductive tissues. Binding of 
progesterone and receptors for it, how- 
ever, have been more difficult to demon- 
strate. In rat uterus the progesterone 
binding protein seems to be the same 
as the corticosteroid-binding globulin 
of rat plasma. In guinea pig uterus, 
however, a progesterone-binding pro- 
tein (not corticosterone-binding globu- 
lin which has only a low affinity for 
progesterone in this species) is easier 
to demonstrate. 

Two types of binding for oestrogens 
and androgens exist in the mammalian 
reproductive tract; one has a high 
affinity and a limited number of binding 
sites and, conversely, the other has a 
low affinity and an unlimited number 
of binding sites. Progesterone binding 
in the guinea pig uterus seems to follow 
the same pattern. 

The presence of progesterone recep? 
tors has been revealed” mainly by 





sucrose gradient centrifugation. As in 
the case of uterine oestrogen receptors, 
two components seem to exist; one has 
a sedimentation coefficient of 6.78 and 
the other has one of 4-55. In addition 


to sucrose gradient centrifugation 
which measures directly the concentra- 
tion of binding protein, binding of pro- 
gesterone can be shown by simpler 
methods involving in vitro measure- 
ments of bound progesterone after re- 
moval of free hormone with adsorbents 
(Freifield er al., Steroids, 23, 93-103; 
1974; Atger et al, Enclocrinology, 
94, 161-167: 1974), 

In both rats and guinea pigs these 
authors found that treatment with 
oestrogens increased the uterine bind- 
ing of progesterone. In the guinea pig 
the increase began within 4 to 12 h and 
after 4 days the concentration of high- 
affinity binding sites per cell showed 
a ten-fold increase: no further increase 
occurred if treatment was continued 
for up to 2 weeks. On stopping oestro- 
gen treatment, binding activity declined 
with a half life of about 3 days which 
suggests that the progesterone receptor 
is a relatively stable protein but that it 
is dependent on oestrogen stimulation. 
Further evidence for oestrogenic con- 
trol of the receptor is the change in the 
binding protein during the oestrous 
cycle; the concentration of binding sites 
is highest at pro-oestrus when oestrogen 
production is high and the receptor is 
present mainly in the 6.78 form and 
lowest at dioestrus when more of the 
4-58 receptor Is present. 

The vagina and uterine cervix of 
guinea pigs also contains a receptor 
protein which can bind progesterone. 
The properties of the receptor in these 
tissues are similar to those of the 
uterus although the vaginal receptor 
seems to be much more dependent on 
oestrogen than the uterine one. 

This effect of oestrogen seems to be 
antagonised by progesterone. Admini- 
stration of progesterone to oestrogen- 
treated castrated guinea pigs caused 
a rapid decline in uterine binding which 
reached a minimum by 6 h and which 
had not increased again by 24 h. The 
loss of binding activity was not ap- 
parently caused by a failure of labelled 
hormone to exchange with the endo- 
genous bound hormone under the con- 
ditions .of the test. Similarly, during 
pregnancy in the guinea pig, proges- 
terone binding in the uterus is low and 
this may be due to the high circulating 
levels of progesterone. 

fn most circumstances synergism 
exists between oestrogen and proges- 
terope and progesterone only produces 
a biological response in tissues which 
have been exposed to oestrogen. This 
is explainable if gestrogen sfimulation 
is required for the synthesis of pro- 
gesterone bireiing protein. The 
decr€ased binding activity on pro- 
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gesterone administration, even when 
oestrogen is present, might suggest that 
the action of progesterone ts self-limit- 
ing—once a sufficiently high level of 
progesterone in plasma is attained, 
binding of the hormone in the uterus 
is decreased. More work is, however, 
required to determine these relation- 
ships. 


Anomalous 
Kapitza resistance 


from Peter V. E. McClintock 

Condensed Matter Correspondent 

THE Kapitza resistance between liquid 
He H and a solid exhibits anomalous 
behaviour near 2 K according to a 
report in Physical Review Letters (32, 
658; 1974) by Cheeke, Hebral, Richard 
and Turkington of the Centre National 
de la Recherche Scientifique (CNRS) 
at Grenoble. 

When heat is passing from one solid 
to another one made of a different 
material there is always a jump in 
temperature across the interface which 
separates them. The phenomenon can 
be accounted for reasonably well in 
terms of an acoustic mismatch theory: 
by analogy with the partial reflection 
of light which occurs at an interface 
between two materials with different 
refractive indices, there is a partial re- 
flection of the lattice waves (phonons), 
which constitute the flux of heat, as 
they try to pass between two materials 
in which the velocity of sound is 
different. The temperature discontinuity 
caused by this reflection of phonons is 
proportional to the heat flux, the con- 
stant of proportionality being known 
as the thermal, boundary resistance. 

The velocity of sound in liquid 
helium is a factor of one twentieth 
smaller than in most solids, so that the 
thermal boundary resistance, between 
liquid helium and a solid would be ex- 
pected to be particularly large. In fact, 
the boundary resistance, called in this 
case the Kapitza resistance after its 
discoverer, is indeed relatively very 
large, although, for temperatures above 
1 K not nearly as large as would be 
predicted on the basis of the acoustic 
mismatch theory. There is, as yet, no 
really satisfactory theory of the Kapitza 
resistance above | K. 

In all previously reported experi- 
ments, however, the phenomenon has 
seemed to behave linearly: that is, the 
temperature discontinuity AT has 
always been directly proportional to the 
heat fux O, within experimental error. 
The CNRS group has measured, to a 
high precision, AT between copper or 
lead and liquid helium. They find that, 
although a plot of 47 against Q yields 
an accurate straight line at small values 
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of QO there is, for any given tempera- 
ture, a definite heat flux at which the 
line changes slope by up to 25%. The 
effect is at its largest near 2 K, 
gradually diminishing as the- Tompea 
ture is reduced. 

It is now more tha 
the existence of the thermal boundary 
resistance was dis ed by Kapitza 
(J. Phys. USSR. 4 181; 1941) and it 
seems at first sight very surprising that 
in the course of the large body of 
experimental work. on the phenomenon 
since that time, no one has reported 
observation of the anomalous features 
now being described. The effect would 
clearly be easily missed, however, 
except in cases where a large number 
of closely spaced data points were 
taken at small values of Q. Ironically, 
there is perhaps some evidence for the 
existence of these anomalies in the 
original graphs published by Kapitza. 

As for the origin of the anomalies, 
the authors discuss a number of possi- 
bilities the most plausible of which 
concerns the onset of turbulence in the 
helium very close to the metal surface. 
Liquid helium at these temperatures, 
He II, can be regarded as an intimate 
mixture of two interpenetrating but 
extremely dissimilar fluids: a normal 
fluid component which behaves much 
like any other liquid and which carries 
all the thermal energy of the helium 
and a superfluid component which 
carries no thermal energy, has zero 
viscosity and is thus responsible for 
many of the more bizarre properties of 
the liquid. When heat enters the liquid, 
a counterflow of the two components 
occurs, with superfluid approaching the 
heated metal, being converted into nor- 
mal fluid and then flowing away again. 
The authors tentatively conclude that 
the observed anomalous behaviour 
arises from the onset of turbulence in 
the normal fluid component within the 
very thin layer of helium at the sur- 
face of the metal, but further work will 
be necessary before this interpretation 
can be confirmed. 

The authors have taken considerable 
pains to try and ensure that they have 
not been observing a mere artefact 
arising from their measuring equip- 
ment or experimental techniques. If the 
phenomena which they report are 
genuine, however, any theory of 
Kapitza resistance under these condi- 
tions will need to take them properly 
into account, so it seems highly desir- 
able that the experiment be repeated in 
another laboratory as soon as possible. 
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Protein folding made 
simple 


from Barry Robson 


Ir is hardly surprising that nobody 
has yet predicted how a given protein 


molecule folds up, considering that 
there are very much simpler mole- 
cules whose conformations defy theo- 
retical analysis. Theoreticians with in- 
satiable appetites for protein molecules, 
however, can restore at least a modi- 
cum of common sense by first examin- 
ing protein systems in which prediction 
of the folding process is probably a 
simpler task. 

Ptitsyn and Rashin (Doki. Acad. 
Nauk SSSR, 213, 473; 1974 and Bio- 
phys. Chem., in the press) have made 
the first attempt to predict the folding 
and final overall conformation of a 
globular protein from its amino acid 
sequence and known secondary (locally 
organised) structure. The relatively 
simple protein system is in this case 
the myoglobin molecule which along 
with its haemoglobin relatives, is €x- 
ceptional in being composed of « helix 
and very little else. Ptitsyn and Rashin 
justify starting with the known helical 
regions in terms of the popular model 
in which such regions are among the 
first features to appear during the 
folding up of the polypeptide chain, a 
model which is consistent with experi- 
mental evidence (Jardetzky er al., Cold 
Spring Harb. Symp. quant. Biol., 36, 
257; 1971; Robson and Pain, Proc. 
Jerusalem Symp. quant, Chem, Bio- 
chem., 5, 279; 1973; Sachs et al., Proc. 
natn. Acad. Sci. U.S.A., 69, 3790; 1972). 
Furthermore, recent publications con- 
firm that z-helical regions in proteins 
can be predicted with reasonable ac- 
curacy (see, for example, Chou and 
Fasman, Biochemistry, 13, 222; 1974). 

The method of Ptitsyn and Rashin is 
to try and predict the folding pathway 
and resulting most stable configuration 
of stacked « helices on the basis of 
hydrophobic interactions between the 
helices. They find that the most stable 
configuration “coincides in a rough re- 
solution” with the native conformation. 
It is surprising, however, that they 
obtain even such an approximate struc- 
ture, and it is necessary to ask whether 
such an agreement could be fortuitous. 
Helices were treated simply as cylinders 
with a radius of 5 A, and dispersion, 
electrostatic and hydrogen bonding 
forces between helices are neglected 
except to the extent that they are in- 
cluded in the parameters of the hydro- 
phobic interactions. Furthermore, a 
possible contribution of the helix back- 
bone to the hydrophobic interactions 
was not investigated. Finally, the study 
was apparently carried out manually 
and because of the still very large nur- 
ber of possible configurations it would 
be difficult to exclude an accidental 
subjective element from entering sach 
calculations where the answer is known 
in advance 

It is therefore possfble that in retro- 
spect the simplifications of Ptitsyn and 
Rashin will be seen to be too simple, 
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and their work is likely to 
remembered for the more cre 
assessments of the problem 
will undoubtedly stinvulate. Ne 
less, the concept of interactions 
tween secondary structure features 
such as x helices leading to the form: 
tion of single compact - ; 
potent one and ext 
the simple case of < 
recent work of Ross 
(J. molec. Biol, 85, 77; 
firms and quantifies the idea f 
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All ex cited 
in Lisbon 


from a Correspendent 
THE opulent ambience of the Cak 
Gulbenkian Foundation Centre in 1 
bon on April 18-24 was the choice. 
an international conference on €x 
states of biological molecules 
the sponsorship of the Europ 
cal Society and European Photoct 
cal Association, with J. B. Birks 
(University of Manchester) as pape: $ 
secretary and editor. 

As both Sir George Porter (Royal 
Institution, London} and G. E 
(Bell Laboratories, New Jers 


































since the seminal Faraday $ 
cussion of 1950, when M. Kasha dis 
cussed the phophorescence of organic 
molecules in terms of the J 


diagram and singlet~triplet conversion, 
and about 50 years since Perrin postu- 
lated singlet-singlet energy transfer to 
explain the depolarisation of fluores- 
biological 


cence. Excited states in 
molecules were last discussed at at 
international meeting at Az 
New York, in October 1969 t 
ure, 226, 113-118; 1970). In the ugm 
of that report, the programme of i is 
year’s meeting had inevitably a slight 
sense of déja vu, as the main themes 
have not changed greatly im 4 years. 
Porter reviewed the methods avail 

















© able for the direct observation of ex- 


cited states, with particular reference 
to nanosecond and picosecond laser 
flash photolysis. He emphasised the im- 
portance of substituent effects on the 
. reactivity of radical species formed 
from = excited-state ketones, and the 
biological roles of plastoquinone and 
ubiquinone, which are the subject of 
current work in his laboratory. 

C. Hélène (Centre National de la 
Reserche Scientifique, Orléans) gave a 
lucid review of excited state interactions 
and energy transfer processes in oli- 

= gopeptide-nucleotide complexes. He 
described energy transfer between 
stacked nucleotides and aromatic amino 
acid chromophores in frozen aggregates 
-at both singlet and triplet levels. It is 
„necessary to intercalate the bound aro- 
“matic residue between the bases of 
single-stranded nucleic acid for quench- 
-ing of fluorescence. The ability of small 
peptides containing an aromatic resi- 
Jue to bind to a small, single-stranded 
region of DNA containing, for example, 
i thymidine dimer, followed by photo- 
“sensitised splitting of the dimer by 
energy transfer from the excited aro- 
Matic residue, provides an elegant ex- 
ample of a specific photoprocess in a 
“model protein-DNA complex. 
In a lecture entitled “What We 
“have learnt about Proteins from a Study 
of their Excited States’, G. Weber 
(University of Illinois) cited the demon- 
stration of processes in the nanosecond 
or shorter time range, such as fast 
degradation of excess vibrational energy 
of the excited state, energy transfer 
between aromatic chromophores, sol- 
vent relaxation effects, molecular or 
segmental relaxation times and the 
correlation between free residue rota- 
tion and protein unfolding. He consid- 
ered that with the advent of time- 
resolved spectroscopy on a nanosecond 
time scale, future work would be largely 
<> goncerned with the dynamics of excited 
state processes. The use of differential 
phase fluorimetry to study solvent re- 
< Jaxation was described, and also the 
ase of dissolved oxygen (under high 
pressure in a special cell) as an un- 
charged fluorescence-quenching agent. 

From comparisons between plots of 

fractional fluorescence and fractional 
- jifetirnes it’ is possible to determine if 

“the quenching is homogeneously dyn- 

-o camie, or static and involving complexes. 
Of the proteins examined, some show 
; deviations from pure dynamic quench- 























































“The lecture by H. T. Witt (Max- 
- Volmer Institute, Berlin) was an impres- 
sive example of the value of a con- 
tual model in planning definitive 
periments in such a complex field 
photosynthesis. Witt demonstrated 
yow the specific structural arrange- 
“ments of the functional membrane 
z (thylakoid) of the photOsynthetic sys- 




















iem “mediates: ‘extraordinary ‘reaction 
patterns not seen in vitro. He presented 
evidence in suport of the following se- 
quence of primary acts of energy con- 
servation and utilisation: (1) the 
channelling of light absorbed by’ bulk 
pigment (carotenoids and chlorophylls) 
by singlet-singlet transfer to photoac- 
tive chlorophyll, with a triplet-triplet 
transfer path from chlorophyll back to 
carotene to protect the former from 
irreversible photo-oxidation at high 
light intensity; (2) a specific arrange- 
ment in which always two photoactive 
chlorophylls are coupled in series in the 
membrane and are able to pump elec- 
trons from H:O to NADP* to form 
NADPH: (3) the creation of a charge 
across the membrane; (4) the discharge 
of the membrane potential by H* fluxes 
through specifically organised channels 
(ATPase) coupled with the generation 
of ATP from ADP+P. It is the 
NADPH and ATP formed in the system 
which carry out the reduction of CO, 
into sugar and “everything else”. The 
membrane potential is sufficiently high 
to give rise to a Stark shift in the 
absorption spectra of adjacent chromo- 
phores, and the shift can be regarded 
as a “molecular voltmeter”. Some 1n- 
genious experiments to demonstrate 


this engaging concept were described. 


It seems that at least four key features 
of Witt’s model of vectorially directed 
processes in the photosynthetic mem- 
brane have been confirmed experi- 
mentally. 


Eisinger described a more critical 
approach to the interpretation of singlet 
energy transfer by the Forster mechan- 
ism. Since the transfer efficiency be- 
tween two luminophoric groups on a 
macromolecule depends not only on the 
distance (R) between them, but also on 
the relative orientation of their transi- 
tion dipoles, the value used for the 


orientation factor (x^ is crucial for 


the calculation of R. The widely-used 
value of 2/3 can be derived for the 
dynamic random averaging case, which, 
however, is unlikely to be relevant to 
real macromolecule situations. Between 
the extremes of fixed relative orienta- 
tion, K? varies from zero to 4. Eisinger 
and Dale have calculated contour maps 
showing the variation of x” as the 
transition dipoles are given orienta- 
tional freedom within cones of speci- 


fied half-angles for a variety of donor- 


acceptor group geometries. Their 
analysis shows it is fallacious to assume 
that in practice K’ values near the ex- 
treme values are unlikely. They esti- 
mate the extent of orientational free- 
dom from the limiting emission 
anSotropies of the separate lumino- 
phores (from time-dependent polarised 
emission data), and hence getereasonable 
upper and lower “bounds for x’. Since 
information og éhe relative orientation 
of ¢he donor-acceptor pair can be ob- 


‘porated 


peat energy, a realistic estimate 
of Kk° is possible. This procedure was 
used to obtain an R value for energy 
transfer from the fluorescent Y-base 
of the anticodon loop of a t-RNA to 
a bound dye at the remote end of 
the macromolecule. 

S. A. Latt (Harvard Medical School) 
used fluorescent probes to study chro- 
mosome structure. The fluorescence of 
bound quinacrin is quenched by guan- 
ine-cytosine base pairs of the DNA, 
so that the fluorescence reveals regions 
with high adenine-thymine content. 
Furthermore, the base analogue 5-brom- 
odeoxyuridine biosynthetically incor- 
into DNA quenches the 
fluorescence of the dye Hoechst 33258, 
and can therefore be used to study 
the time course of DNA replication in 
chromosomes, and also some aspects 
of chromosome structure and stability. 

L. G. Christophorou (Oak Ridge 
National Laboratory and University of 
Tennessee) described how threshold 
electron excitation spectroscopy, based 
on the resonant interaction of slow 
electrons with vapours, can be used 
to detect optically-forbidden transitions 
in aromatic compounds, including 
triplet states and transient negative 
ions. The stabilities of the double nega- 
tive ion resonant states can be simply 
correlated with established substitution 
parameters of the benzene ring. 

In an interesting application of 
luminescence spectroscopy, J. W. Long- 
worth (Oak Ridge National Labora- 
tory) reported fluorescence and phos- 
phorescence data for more than 50 
Bence-Jones proteins — ‘light chain’ 
dimers of y-immunoglobulins which are 
secreted as individual variants in mye- 
loma. The light chain is believed to 
fold in a homologous conformation, 
the immunoglobulin fold, and com- 
prises two domains of approximately 
equal size, the variable N-terminal 
domain, and the C-terminal domain 
which is constant in all light chains of 
a given type. The observed diversity of 
fluorescence, with respect to amplitude, 
spectral distribution and lifetime, can 
be ascribed to perturbation of a single 
tryptophan residue in the variable 
domain. The phosphorescence spectra 
are equally diverse, often showing two 
decay components. Bence-Jones proteins 
therefore provide an excellent oppor- 
tunity for studying the effects of 
limited variations in residue composition 
on the luminescence properties of a 
specific protein structure. There is 
some evidence that interaction between 
tryptophan and a contiguous disulphide 
bond is responsible for the short-lived 
phosphorescence, and some other con- 
tributors also considered the possible 
role of such an interaction in protein 
luminescence spectroscopy. 

I. Tatischeff (institut du Radium- 
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Laboratoire Curie, Paris) reported vari- 
ations of the fluorescence quantum 
yield of the three aromatic amino acids 
with excitation wavelength. For all 
three, the yields, based on both quinine 
sulphate and sodium salicylate as wave- 
length-independent quantum counters, 
were constant in the longwave absorp- 
tion bands, then fell abruptly to lower 
constant values in the shortwave ab- 
sorption bands. The discussion provoked 
by her findings was about equally di- 
vided between explaining it away as 
due to experimental artefacts or in- 
adequacy of the quantum yield stand- 
ards, and in accepting them as correct 
and proposing possible explanations. 
From the rather small number of 
communications concerned with small 
peptides and polypeptides, that by 
Ph. Wahl (Centre de Biophysique 
Moléculaire, Orléans) on the pulse 
fluorometry of tryptophyldiketopipera- 
zine may be noted. He concluded that 
quenching of tryptophan fluorescence 
by the peptide bond only occurs in a 
folded conformer. The equilibrium con- 
stant relating the folded and unfolded 
conformations seems to be different in 
the excited and ground states; the 
ground state value is available from 
nuclear magnetic resonance studies. 
An indication of new spectroscopic 
techniques was the inclusion of contri- 
butions on magnetic circular fluores- 
cence and fluorescence polarisation and 
On magnetic circular dichroism in the 
near infrared. The shorter papers on 
visual pigments were concerned with 
problems of singlet-triplet intersystem 
transfer and cis-trans isomerisation of 
polyenes, and in the large number of 
communications on photochemical re- 
actors, the roles of singlet and triplet 
oxygen were frequently discussed 


Management of 
aquatic weeds 


from Peter D. Moore 

Plant Ecology Correspondent 

AT the close of the International Hydro- 
logical Decade it is only natural that 
the world of waterweeds and the prob- 
lems associated with their control 
Should be receiving some attention in 
the scientific literature. It is natural too 
that the problems of the developing 
countries should receive greatest pro- 
minence, for here many essential pro- 
grammes of irrigation are being set back 
by the luxuriant and rapid growth of 
aquatic vegetation in tropical climates. 
India, most especially, has been at the 
fore in a series of recent publications 
on this subject. 

Gupta has summarised many of the 
Indian problems and some of their solu- 
tions in his booklet Aguatic Weed 
Control (Rajasthan College of Agri- 
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Water channel in India infested with the water hyacinth Eichorn 


culture, Udaipur, 1973). In Rajasthan 
the development of a canal system is 
relieving a serious problem of water 
distribution; many women were forced 
to walk several kilometres to fetch 
pitchers of water from surface ponds. 
The canal projects, however, have 
suffered severely because of the growth 
of aquatic weeds, particularly water 
hyacinth, Eichornia, and the water ferns 
Azola, Wolfia and Salvinia. From April 
to June the canals are closed so that 
clearance by hand can take place, but 
this control method is ineffective in the 
long term. Only one mechanical weed 
cutter operates in Rajasthan but bio- 
logical control using Chinese carp is 
being attempted: the use of chemical 
herbicides is prohibitively expensive. 
The same sad picture of India’s plight 
emerges from the recent UNESCO sym- 
posium held in New Delhi and reported 
by Tinker (New Scientist, 61, 747; 1974). 

A very full review of the entire prob- 
lem has now been published by 
UNESCO (Aquatic Vegetation and its 
Use and Control, edit. by D. S. Mitchell, 
Paris, 1974). Although the theoretical 
consideration of the mathematics of 
waterweed population growth and the 
technique of mechanical, chemical and 
biological control of waterweeds are 
undoubtedly important as short term 
approaches to the aquatic vegetation 
problem, data presented by Boyd (Uni- 
versity of Auburn, Alabama) in this 
collection of papers provide hope for 
a more permanent solution. The ex- 
plosive growth of aquatics is itself 
an indication of eutrophication and 
nutrient wastage which can ill be 
afforded, especially in countries suck as 
India. Boyd considers ways in which 
waterweeds could assist in the retrieval 
of these last elements. 

Many waterweeds* provide a better 
feed for livestock than dried alfalfa 
hay. Generally they contain rather less 


crude protein and fibre 
and fat than this commodi! 


ion concentration in aquatics 
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Before these nutrients can be re-used 
by crops they must be released from 
the organic tissues of the water plants, 
and decomposition is not always rapid 
Eichornia compost takes about 3 
months of fermentation before it is 
suitable for use as a fertiliser. Never- 
theless, when it is considered that 
eutrophicated waters can support a 
standing crop of 29 t ha dry weight) 
of Eichornia containing 157 kg 
ha~' of phosphorous and 693 kg 
ha~! of nitrogen, this process must be 


considered an important m 
ting nutrient losses 

In the developed 
of retrieving lost nutrients fr 
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new ones. In countries su 
where manual harve 
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‘Tue interaction of a nucleon of 
>00 moderate energy with a nucleus is an 
exceedingly complicated process. Very 
many reactions can occur and they 
depend on the energy levels of the com- 
pound and residual nuclei. The con- 
servation of particle flux links all the 
reaction channels together, so that any 
abnormal behaviour in one channel, a 
resonance or threshold for example, 
produces corresponding changes in all 
the others. It might well be thought 
at each interaction would have to be 
treated as a special case and that the 
detailed structure of each nucleus 
would have to be taken into account 
before the cross sections could be 
calculated. — 






































One-body potential 


In spite of this somewhat pessi- 
mistic expectation, the striking regu- 
larities in the neutron total and re- 
action cross sections as a function of 
energy and from nucleus to nucleus 
iggested that they could be described 
y a one-body potential varying 
10othly with energy and nuclear size. 
(Feshbach, Porter and Weisskopf, 
Phys. Rev., 96, 448; 1954). The succéss 
of this description led to the model 
-being extended to nucleon elastic scat- 
tering and the range of other nuclear 
interactions. 
- Subsequently it was realised that this 
-success was partly due to the relatively 
poor energy resolution of the early 
measurements. Later improvements in 
xperimental techniques showed that 
e cross sections of reactions passing 
rough the compound nucleus do 
tuate as the incident energy varies 
: (Von Brentano et al., Phys. Lett., 9, 
48; 1964) but if the energy spread 
of the incident beam is greater 
than the mean width of the fluctua- 
tions an averaged cross section is 
obtained that- generally varies quite 
smoothly with energy. Detailed analy- 
` gis showed that this averaged cross 
și section is the sum of compound 
-smucleus and direct reaction com- 
ponents; the former may be calculated 
ing the theory of Hauser and Fesh- 
ich (Phys. Rev., 87, 366; 1952) and 
subtracted from the measured cross 
sections. As the energy increases the 
contribution of the compound nucleus 
processes falls rapidly and soon 
becomes negligible. 
In precision analyses it is necessary 
to remove the compound nucleus con- 
tribution to the data by a preliminary 


















polarisations 


nuclear optical potential? 


from Peter E. Hodgson, Nuclear Physics Laboratory, Oxford 


Hauser-~Feshbach calculation or pre- 
ferably to confine the analysis to 
energies for which the compound 
nucleus contribution is negligible. For 
most nuclei, energies of about 15 MeV 
or more are adequate for this purpose. 
The direct cross section is then ana- 
lysed by a simple optical potential. 

Many such analyses were made and 
soon it was possible to specify poten- 
tials defined by rather few parameters 
that give strikingly good overall fits to 
a wide range of neutron and proton 
elastic scattering and reaction data 
(Perey, Phys. Rev., 131, 745; 1963: 
Perey and Buck, Nucl. Phys., 32, 353, 
1962). One of the most successful of 
these potentials was obtained by Perey 
from an analysis of the elastic scatter- 
ing of protons of 9-22 MeV by a 
range of medium and heavy nuclei. He 
used a potential of the form 
Viry=U of (Fanau) t idap Wl d/dr M (p,4p)] 

= Alme UL /rdidr)(flrs.as)]L.o 
where 

fina) = [1 -Exp {r — r, A} la; i] v4 

In the first analyses, the parameters 
of this potential were adjusted to opti- 
mise the fit to each set of data for 
scattering from a particular nucleus at 
a particular energy. The most accurate 
data were the differential cross sec- 
tions, supplemented by less accurate 
and reaction Cross 
sections. 

The optimum parameters for dif- 
ferent nuclei at different energies were 
found to be very similar, so the data 
were reanalysed fixing the form factor 
parameters to the values 
bye Lie. “ieee te 

a, = 0.65; ap = 0.47; a, = 0.65. 

The quality of the fits was still very 
high, though naturally not quite as 
good as previously. 

The depth of the real potential was 
found to vary systematically with 
energy and with the numbers of neu- 
trons and protons in the nucleus, and 
the variation could be well represented 
by 

U = 53.3--0.55E+2704+04Z/A'?? 
where a = (N-Z)/A 
The optimum imaginary potential was 
not so well determined, but a good 
average value is 
Wo aig 12.43/38 

“The polarisations were best fitted 
with r 
U, = 7.5 (E< 17), U, =85 (E> 17) 

The fits obtained with this overall 
potential are very little worse than 
those obtaina when several para- 
mefers were adjusted in each case. 


The striking success of these analy- 


ses led to the hope that it would be 
possible to find an overall or global 
potential for all nuclei and one has 
tended to forget that the individual 


structure of each nucleus must affect 
the interaction to some extent. This 


raises difficulties concerning the con- 
cept of the optical potential, in par- 
ticular whether it should give a good 
overall fit to many sets of data or 
whether it should be adjusted to fit 
each set of data as accurately as 
possible. 

Optical potentials of the first type 
are the same for all nuclei, with per- 
haps a smooth and easily parame- 
terised dependence on the incident 
energy and on Z and A. To achieve 
this one has inevitably to make some 
sacrifice in the quality of the fits to 
the data. 

Optical potentials of the second type 
have parameters that are unique to 
each nucleus at each energy, so that 
accuracy has been purchased at the 
expense of loss of generality. 

Both types of potentials have their 
advantages and disadvantages. In some 
interactions there are quite substantial 
deviations from the behaviour given 
by the overall potential, whereas poten- 
tials fitted accurately to particular sets 
of data are sometimes recognisably 
non-physical. These anomalies have a 
physical basis, so that one might hope 
that detailed studies with both types 
of potential could teach us more about 
the physical process taking place. 

it is important to see what can be 
done to eliminate the disadvantages of 
these potentials while preserving their 
good points. The first step is to iden- 
tify the physical processes responsible 
for the deviation from ‘normality’ and 
make a physical model that allows 
them to be calculated explicitly. If this 
can be done within the framework of 
the optical model, then the process and 
its effect on the cross section can be 
represented by an extra term in the 
optical potential. In this way. for 
example, the polarisations of the 
elastically scattered nucleons were 
included in the model by the addition of 
the spin-orbit term to the potential 
and the dependence on the asymmetry 
parameter by the term proportional to 
(N-Z) A. 


Small terms 

At one stage it was hoped that all 
new physical effects and deviations 
from the simpler potential could be 
brought within the general optical 
potential by the addition of a series of 
small terms, giving a potential express- 
ible as a simple analytical function of Æ 
and E and capable of fitting the elastic 
scattering data to high accuracy. 
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Unfortunately in recent years several 

deviations from normality have been 
found that can be understood physically 
but which cannot be treated in this way. 
These are of two types; the first can 
still be treated within the optical model 
formalism wheréas the second requires 
more sophisticated © theoretical treat- 
shee AT ETEN, 
An example of the first is the 
exceptionally low. neutron reaction 
cross sections found for magic nuclei at 
low energies, especially for “Pb (Perey 
and Buck, 1962). These are much less 
than those calculated from the highly 
successful Perey~Buck potential and can 
easily be understood as a consequence 
of the low level density at small excita- 
tion energies of such nuclei. The effect 
can be treated phenomenologically by 
allowing the absorbing part of the 
optical potential to depend on the 
shell structure but the absorbing poten- 
tial cannot conveniently be expressed 
as an analytical function of Z and A. 
This phenomenon only occurs in a 
limited energy region and- As not of 
general importance. 

The effects in the second category 
may be calculated by appropriate phy- 
sical models but it is not possible to 
represent them by an easily-paramet- 
erised additional term in the optical 
potential. It is of course often possible 
to fit the data through the region of the 
anomaly with a particular optical 
potential, so that one can formally 
define the potential responsible for the 
effect as the difference between the 
general optical potential and the parti- 
cular potential, but this is often highly 
singular and not conveniently para- 
meterisable. | 

The extent to which this occurs 
implies a breakdown of the simple 
optical model, so that one is now faced 
with the alternatives of either using an 
ill-behaved effective potential in the 
framework of the simple optical model 
or of continuing to use a general optical 
potential in a more sophisticated formal 
framework. The second alternative is 
clearly the more desirable, even from 
the purely phenomenological - point of 
view, as it often unifies a range of 
phenomena in a simple way, whereas 
the effective potentials are much more 
difficult to handle. 

This may be illustrated by the 
analysis of elastic scattering from 
strongly deformed nuclei. These have 
low lying collective states that are 
readily excited by inelastic scattering 
and the cross sections are so large that 
the elastic scattering cross section is 
significantly affected. 

The inelastic cross sections vary in 
magnitude with 8, but hardly at all in 
shape, and the elastic cross section 
departs more and more from- dits un- 
perturbed value as 6 increases. If the 
elastic cross section is analysed for 
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several deformed nuclei, the parameters 
of the resulting potential vary from 
nucleus to nucleus depending on the 
strength of the ONDINE te the col- 
lective states. 

In particular, the imaginary potential 
is found to increase with increasing 
deformation. A coupled-channels 
analysis can, however, fit the elastic 
cross section with the same optical 
potential for each nucleus provided 
each has its characteristic deformation 
parameter. This was first shown by 
Perey (in Nuclear Spectroscopy with 
Direc’ Reactions (edit. by Throw} ANL- 
6848, 114; 1964) in an analysis of the 
elastic scattering of protons of 17 MeV 
off some heavy spherical and deformed 
nuclei. 

Another example is provided by the 
scattering of 2 particles of 50 MeV by 
the even isotopes of samarium (Glen- 
denning, Hendrie and Jarvis, Phys. 
Lett., 26B, 131: 1968). The elastic 
scattering changes qualitatively from 
one isotope to the next: the diffraction 
oscillations become less and the envel- 
ope of the maxima steeper as the mass 
(and the nuclear deformation) in- 
creases. Simple optical model analyses 
of these data give quite different poten- 
tials, but the cross sections are all 
well fitted by the same optical potential 
when the coupling to the collective 
states 1s taken into account and each 
nucleus is characterised by its deform- 
ation parameter. The deviations from 
simple normality can thus be brought 
within the scope of the general optical 
model, although the deformation para- 
meter cannot be expressed as an an- 
alytical function of Z and A. 


Coupled-channel analyses 


Further evidence for the reduction 
of the absorbing potential in the region 
of closed shells is provided by measure- 
ments of the s and p-wave strength 
functions, These show characteristic 
maxima and minima as a function of 
A and the overall behaviour is quite 
well given by the optical model with 
standard potentials. Closer examination 
shows that although the maxima are 
quite accurately fitted, the experi- 
mental values are much less than the 
calculated ones in the regions of the 
minima. A  coupled-channels analysis 
by Newstead (in European Conference 
on Intermediate Reactions, Plitvice; 
1972) found that this behaviour can be 
obtained by reducing the imaginary 
potential in a way that varies from 
nucleus to nucleus. Since the imaginary 
potential corresponds to absorption it 
might be expected to be correlated with 
the number of three-quasiparticle sgates 
that can be formed in the initial stages 
of the nuclear excitation. Newstead 
estimated’ the numbers of such states 
in various nuclei and found that they 
correlate very well with the imaginary 









potentials W obtained by f 
fit to the s-wave strength fun 
Thus once again the devi 
normality can be explained i by: 
cal model but not in a way that can 
easily be parameterised in terms of A 
and Z. 

Another effect that can 
treated by the coupled-ct 
ism is the marked t 
occur when low energy ġ 
scattered by some light — 
shiba, Terasawa and Tanil 
Phys., A168, 417; 1971). Some of in 
are single-particle resonances if 
optical potential; others can be w 
stood as core-excitation resonances. ` 
coupled-channels formalism wit! 
simple model of the nuclear exact 
gives a good overall account 6 
resonances. The data also shx 
order resonances that could pr 
be treated by including the co 
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The scattering from light is at 
higher energies frequently shows de m 





this is due to higher order p 
In the case of medium-energ 
scattering by “C and i 
polarisation exchange : 
with intermediate excitation of 
resonance is responsible for the ma 
peaks in the backward cross sec 
for ee <p io Gioi 
























Geant Nucl. Phys. "A199, : $45: 1 9 
Nuovo Cim., Lett., 5, 333, 1972) 
effect reflects back on the elastic ch 
nel and so should be taken into ace 
explicitly at those energies where giant 
resonances are important. 

As a final example, the (p, nig 
elastic reaction to the isobaric a 
state has significant contribution ; 
the two-step (pm d, m in 
particle transfer process (Rith 
and Kunz, Phys. Leti., 478, LL: 
If it is analysed with a simpie 
potential the fits are not strikingly. 
and the parameters of the isospin 
which is responsible for the tran 
vary erratically from nucleus ton 
leus. If the two-step process is 
cluded explicitly, making use of the 
properties of the known intermediat: 
states, then the fits are signi Š 
improved and the isospin potential is 
essentially the same for all nuclei 
Thus once again by treating exp 
the process responsible for the de 
tions it is possible to recover a general 
optical potential. 


Polarisations 


The polarisations of the elastically 
scattered particles are much more sere 
sitive to the interaction potentials than 
are the differential cross sections, as 
they depend on the differences of 
Scattering amplitudes. This sensitivity 
















-g a large extent “offset by the lowe 


nevertheless careful analyses of polari- 
© sations have shown anomalies that are 
= — not yet understood. 
© An example of this is provided by 
-the work of Boschitz (Phys. Rev. Lett., 
= 17, 97; 1966), who analysed a series of 
=> differential cross sections and polari- 
sations. He was able to obtain good 
overall fits to the polarisation data but 
the optimum values of the parameters 
of the spin-orbit term in the optical 
potential showed marked variations 
-> from one nucleus to another and as a 
_ function of proton energy. So far there 
-iş no convincing explanation of this 
behaviour. 
- From these examples it will be seen 
hat the processes that must be con- 
sidered explicitly are of several types. 
‘The polarisation and the dependence 
‘on the nuclear asymmetry can easily 
be incorporated in the optical model. 
‘The. others require quite sophisticated 
‘calculations before the effects due to 
the general optical potential and the 


























The calculations with both processes in- 
cluded give directly the elastic cross 
section and there is no effective optical 
model potential as an intermediate 
stage. It is thus not possible to think of 
‘a general optical potential in which the 
ffects of coupling to excited states, 
‘two-step reactions, core-polarisation 
exchange processes and so on are in- 
-= ¢luded by appropriate analytical terms 
in a general expression of the optical 
potential. In this sense the optical pot- 
ential ceases to be a concept able to give 
a detailed physical account of all the 
data; it has been superseded in some 
regions by more sophisticated calcula- 
tions that give an accurate account of 
the data that cannot be obtained in 
any other way. | 

One has thus arrived at a third con- 
_ cept of the optical potential as one that 
_ Includes as many effects as possible in 
the parameterisation of its parameters 
as functions of Z and A but which 
> has to be used in a more sophisticated 
formalism if certain other effects are 
to be treated adequately. Thus some of 
the simplicity of the mode! has been 
lost, but further insight into more 
complicated phenomena has been 
attained. 

I thank Dr R. S. Mackintosh for 
discussions and suggestions. 






Correction 
In the News and Views article 
“Vegetational change in an abori- 


| ginal environment” (Nature, 249, 11; 
|. 1974), the date in line 7 of the first 
‘| paragraph should be 5,500 radio- 
carbon years. 


accuracy of the polarisation data, but 





Biog nesis of 
surface membranes 


from R. Colin Hughes 


ACCORDING to the membrane flow 
theory, membrane biogenesis involves 
the physical transfer of membranes 
from one subcellular compartment to 
another. The endoplasmic reticulum is 
the precursor of Golgi membrane 
which is in turn processed into plasma 
membrane. Surface membrane proteins 
and glycoproteins, therefore, are con- 
sidered as a special class of secreted 
substances. 

The basic assumption of the theory, 
that membrane proteins are synthesised 
on the rough endoplasmic reticulum, 
must obviously be re-interpreted, how- 
ever, since Lodish (Proc. natn. Acad. 
Sci. U.S.A.. 70, 1526-1530; 1973) and 
Lowe and Hallinan (Biochem. J., 136, 
825-828: 1973) have described synthesis 
of some membrane proteins on free 
polysomes. The converse proposal that 
soluble cytoplasmic proteins are made 
only on free polysomes is similarly an 
oversimplification, At least one soluble 
enzyme, serine dehydrase, is synthesised 
on membrane-bound ribosomes and a 
similar role seems likely in non-secre- 
tory tissues such as brain or muscle. So 
far as membrane proteins are con- 
cerned, it is possible that integral mem- 
brane components are made in a way 
different to extrinsically bound proteins. 
Synthesis of glyceraldehyde-3-phos- 
phate dehydrogenase on cytoplasmic 
polysomes is expected, for example, yet 
this protein forms stable interactions 
with high affinity for a limited number 
of sites on the cytoplasmic face of the 
erythrocyte membrane (Kant and Steck, 
J. biol. Chem., 248, 8457-8464; 1973). 


The enzyme seems therefore to be a - 


specific membrane component, made on 
free polysomes. 

An indication that integral proteins, 
by contrast, may follow an intracellular 
route analogous to the secretory process 
comes from an extensive radioauto- 
graphic study by Leblond and his col- 
leagues (J. Cell Biol., 60, 258-284; 
1974), This suggests a final step in sur- 
face membrane biogenesis in which 
fusion takes place between the cell 
surface membrane and Golgi vesicles, 
the membranes of which carry proteins 
and glycoproteins destined ultimately 
for the surface membrane. The chief 
difficulty in accepting completely this 
proposal, is that the membrane com- 
pesition of highly purified rat liver 
Golgi membranes, as described recently 
by* Palade ‘et al. (J. Cell Biol, 59, 
45-72; 73-88; 1973) is clearly different 
to the homologous plasma membrane. 
The role of the Golgi vesieles there- 
fore, may be to Terry a few proteins 
from intracellular smooth membranes 
to the cell surface as follows: fusion 


of the vesicles with tk 





J ar -surface 
membrane, lateral diffusion of selected 
proteins into the area of plasma“ mem- 
brane surrounding the fusion site and 
finally re-entry of the Golgi vesicular 
membrane into the cell by endocytosis. 
In this case, the membranes of Golgi 
vesicles before fusion would contain a 
relatively small proportion of plasma 
membrane components superimposed 
on a background of purely Golgi mem- 
brane proteins and after fusion only 
Golgi specific proteins. 

The membrane flow theory also pre- 
dicts that at earlier stages of membrane 
biogenesis, the proteins and glycopro- 


teins are restricted to membrane- 
bounded intracellular vesicles. Pre- 
sumably, the membrane precursors 


made on membrane-bound ribosomes 
are either discharged into the lumen of 
the endoplasmic reticulum to be in- 
serted into smooth membranes else- 
where or remain inserted directly into 
membranes at their sites of biosynthe- 
sis. Hirano et al. (Proc. natn. Acad. Sct. 
U.S.A., 69, 2945-2949; 1973 found 
earlier that the membranes of rough 
microsomal vesicles are assymetricnlly 
substituted with carbohydrate groups, 
capable of reacting with certain lectins 
coupled with ferritin. The membrane 
facing inwards carried carbohydrate 
whereas the cytoplasmic face did not. 
Since the intralumenal face of the 
endoplasmic reticulum is equivalent to 
the external face of the plasma mem- 
brane, at which carbohydrates are also 
localised, this finding is interpreted as 
a flow of membrane with retention of 
configuration from intracellular bio- 
synthetic sites to the cell surface. It 
does not, of course, prove that this 
is the case. Kreibach et al. (Fed. Proc., 
32, 2133-2138; 1973: J. Cell Biol., 60, 
616-627; 1974) now confirm these 
observations by testing the accessibility 
of rat liver microsomal proteins to 
lactoperoxidase labelling. The glyco- 
proteins are labelled only when the 
closed microsomal vesicles are made 
permeable by treatment with low con- 
centrations of detergents. Two classes 
of glycoproteins are labelled; one class 
is released by mild detergent treatment 
whereas the other requires higher 
detergent concentrations and dis- 
assembly of the microsomal mem- 
branes. It is not clear, however, 
whether these last components are 
stable membrane constituents or pre- 
cursors of glycoproteins. 

The glycoproteins detected by 
Hirano et al. and Kreibach er al. are 
not known to be precursors of surface 
membrane glycoproteins and could 
equally well be glycoproteins destined 
for secretion. The next step is applica- 
tion of the techniques for the selective 
solubilisation of microsomal glyco- 
protein precursors to defining the 
kinetics of flow of these substances. 








W. E. van Heyningen 
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Tetanus toxin is bound by a sialidase-labile disialosyl 
ganglioside, serotonin by another, and cholera toxin by a 
sialidase-stable_ mono sialosyl ganglioside. There is good 
evidence that the monosialosy! ganglioside may be the 

for cholera toxin in cell membranes; what of the 
syl ganglioside and tetanus toxin ? 










THERE has been a sharp rise in interest in the possible biological 
‘roles of the gangliosides, discovered by Klenk in 1935-42! 2, 
These versatile substances have been virtually ignored in 
récent authoritative reviews on the structure of cell mem- 
branes*-4, in spite of a number of characteristics which indicate 
that they might be considered as possible functional components 
of cell membranes. First, they have an amphiphilic nature, as 





they are composed of lipophilic ceramide moieties and hydro- 
philic oligosaccharide moieties; second, in nervous tissue, 
which is the richest source of gangliosides, they have found to 
be- concentrated i in fractions containing aapa membranes" ae 





almost : invariably not BRA A a water froth vidon 
material, which indicates that they are bound to hydrophobic 
components®®. x 

(Bretscher* proposes that the outer layer of the membrane 
lipid Maciel is Pace! composed of seni eves abies 










r fanetion for the PET T has, up 4o now, 
emonstrated, but recently there has been an 
jf evidence that cholera toxin may recognise a 
glioside on the surfaces of cell membranes. 


, cholera toxin and serotonin 


*to the then comparatively unknown substance, ge 






























These observations revive interest in earlier observati 
specific interaction between tetanus toxin and ù 
gangliosides, and between serotonin and another gi 


Tetanus toxin 


Tetanus toxin is a neurotoxin, thought at first w. ; 
the central nervous system (C NS), producing spas 
by blocking synaptic inhibition in the spinal cord, | 
known to act peripherally as well, producing faceci 
by blocking neuromuscular transmission!" fn its 
nervous tissue, it produces no morphologically distir 
changes in the tissue, yet it binds with the tissue. T 
first shown in 1898 by Wassermann and Takaki whe f 
when a homogenate of nervous tissue was mixed 
of tetanus toxin and the suspension filtered, the- 
of toxin in the filtrate was diminished'*, T] 
was investigated by many workers, including Lz 
believed that the substance in nervous tissue res] 
binding was a cerebroside, but was puzzled by the 
grey matter had a greater capacity to bind the toxin t 
matter, but had a lower cerebroside content”. [ rein 
the Wassermann-Takaki phenomenon and showed t 
apparently tissue specific and toxin specific (that is, 
tissues tested only nervous tissue bound the toxin, : 
the known bacterial toxins tested only tetanus i 
bound**). WHen these tests were reported in 195 
toxin was nof yet known, its existence being repo 
in the same year’. 
It was then shown that the binding of tetanus tes 









was also shown that there were at least three g 
nervous tissu@, differing in their sidlic acid contents: 








tetanus toxin-binding capacities, which increased with 
increasing sialic acid content?®, Later, when the multiplicity 
and nature of gangliosides was better understood, it was shown 
that tetanus toxin had an affinity for two particular gangliosides 
containing two sialic acid residues attached to the lactose 
component” (Table 1). 

Tetanus toxin does not seem to lose its toxicity as a result of 
being bound by ganglioside; nor does the ganglioside seem to be 
altered. If tetanus toxin (50 ng ml") is incubated in the presence 
of gelatin for 1 h at 37° C with the gangliosides GGnSSLC and 
SGGnSSLC (300 ug ml“, molar ratio of ganglioside to toxin 
of 4x 105:1) there is no reduction in toxicity'®. If 5 mg of 
mixed gangliosides (containing about | mg of GGnSSLC+ 
SGGnSSLC) are injected intramuscularly into mice, however, 
followed 5 h later by an injection of 0.5 LD,, of toxin in the 
same site, the mice are protected against the more severe 
degrees of tetanus, but in this case the molar ratio of ganglioside 
to toxin is much greater (3 x 10°:1) (ref. 19). 

The interaction between tetanus toxin and ganglioside can be 
observed in two ways. First, a solution of tetanus toxin 
{55mg ml") and ganglioside (0.1 to 0.5 mg mi") is centrifuged 
‘in an analytical ultracentrifuge. The complex of ganglioside 
and toxin will move rapidly down the centrifugal field, leaving 
some unbound toxin, the amount of which by difference from 
the original gives the amount bound’? (Table 1). Second, 
ganglioside is rendered insoluble by complexing it (as a mixed 
micelle?) with insoluble (and unreactive) cerebroside, and 
varying amounts of the complex are suspended in equal volumes 
of a solution containing about 1.5 ng toxin ml (about 45 
LD,, mi). The insoluble ganglioside-cerebroside—toxin 
complex is spun down and the supernatant tested for toxicity 
in mice. In this way the least amount of ganglioside that will 
bind (say) 10 LD,, of toxin can be determined. Not surprisingly, 
at these low concentrations of toxin far less toxin is bound per 
unit weight ganglioside than at concentrations 3 million times 
greater, but the differences between the toxin-binding capacities 
of different gangliosides are still evident (Table 1). The pro- 
portion of ganglioside in the insoluble complex is critical— 
thus complexes containing 25°, ganglioside have a much 
greater capacity to bind tetanus toxin (and to protect mice 
against the toxin) than have complexes containing either 5 
or 50% ganglioside’. 

If relatively high concentrations of almost any ganglioside in 
solution are incubated for long periods with almost any toxin 
in the absence of a protective protein such as gelatin, the toxin 
will be inactivated. This nonspecific effect is of little interest, 
but has led to some confusion’, 

So far, the specific interaction between tetanus toxin and the 
sialidase-labile gangliosides GGnSSLC and SGGnSSLC has 
not thrown any light on the mode of action of the toxin at the 
molecular level. 


Serotonin 


I have shown that mixed gangliosides in solution bound 
serotonin (5-hydroxytryptamine), tryptamine, lysergic acid 
diethyl amide, and ergometrine, but not adrenaline, nor- 
adrenaline, dopamine, histamine, or y-aminobutyric acid; 
they also bound the convulsant drug strychnine and the related 
drugs brucine and thebaine!’. I later found, however, that 
serotonin and strychnine were not bound by the ganglioside- 
cerebroside complexes that have such a great affinity for tetanus 
toxin’, The effect of ganglioside on serotonin has since been 
shown in other ways. Strips from rat stomach respond to 
serotonin, and Woolley showed that this responst was diminished 
if the stomach strips were treated with sialidage, and restored 
if ganglioside was added to the enzyme-treated strips. Similar 
results were obtained with strips from ganglioside-deficient 
stomachs from rats reared on a galactose-rich diet™®. Gieler? 
identified the serotonin-reactive ganglioside as the sialidase-lapue 
SSLC (which, lacking the terminal galactose and the N- 
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acetylgalactosamine residues, is unlikely to interact with 
tetanus toxin)®!. But the intact cat erythrocyte contains 
SSLC, yet is incapable of binding serotonin. This is reminiscent 
of the observation mentioned above that mixed gangliosides in 
free solution bound serotonin, but not when complexed with 
cerebroside. 


Cholera toxin 


The actions of cholera and tetanus toxins could be considered 
similar in the sense that they both affect the passage of sub- 
stances across cell membranes (those of intestinal epithelial 
cells and nerve cells respectively) without producing any 
morphological changes in their susceptible tissues. Cholera 
toxin has been isolated by Finkelstein as a protein with a 
molecular weight of 84,000 (ref. 22). In the final stages of 
purification of the toxin, it is possible to isolate an inert pro- 
tein, choleragenoid (molecular weight 58,000), that is nearly, 
but not quite, immunologically identical with the toxin, and 
possibly derived from it?*. When cholera toxin is introduced 
into the lumen of the small intestine, it causes an accumulation 
of fluid, leading to diarrhoea: ??, When introduced intra- 
cutaneously it causes a local increase in capillary permeability”. 
Indeed, the toxin acts on a wide variety of tissues and cells**, 
in which the effect usually appears to be mediated through the 
activation of adenylate cyclase. The subsequent increased 
levels of cyclic AMP in turn promote a wide variety of actions, 
including in the case of the intestinal epithelium, the secretion 
of chloride ions?**4, 

My collaborators and I have shown that homogenates of 
intestinal epithelium have a marked capacity to bind cholera 
toxin, whereas homogenates of liver, kidney, lung and heart 
seem to have no such capacity. Brain homogenate, however, 
proved even more effective than intestinal cells and it was then a 
simple step to show that mixed gangliosides were capable of 
binding the toxin, and were likely to account for the ability of 
these tissues to do so (brain contains about ten times as much 
ganglioside as intestinal cells). Ganglioside not only binds 
cholera toxin, but, unlike the case with tetanus toxin, it also 
blocks its action in the small intestine, in the skin, and elsewhere. 
I then showed that of all the brain gangliosides, only the sialidase- 
stable monosialosy! ganglioside, GGnSLC (Gy had this 
effect %2? (Table 1). The presence of a single sialic acid residue 
attached by a sialidase-labile bond, even to the terminal 
galactose residue, completely abolishes the capacity of the 
ganglioside to interact with cholera toxin. Also, treatment of 
intestinal epithelial cells with sialidase, an enzyme itself pro- 
duced by the cholera bacillus, greatly increases their capacity 
to bind cholera toxin”*. 

The blocking of the action of cholera toxin by added gang- 
lioside indicates that when the toxin is bound to the extraneous 
ganglioside it is unable to attach itself to the receptor on the 
cell membrane, and therefore that the ganglioside GGnSLC 
may be very similar to, and even identical with, the membrane 
receptor of the toxin. GGnSLC also binds the biologically 
inert choleragenoid, and Pierce has shown that choleragenoid 
will block the action of cholera toxin in the small intestine, if 
placed in the intestine in advance of the toxin, one molecule 
of choleragenoid blocking one molecule of cholera toxin**. 


King and I (unpublished data) have shown that one molecule 


of choleragenoid will Block the capacity of ganglioside (in the 
form of a ganglioside—cerebroside complex) to block the activity 
of nearly one molecule of cholera toxin. These data suggest the 
possibility that choleragenoid may be the part of the cholera 
toxin molecule that is responsible for the binding of the toxin 
to the ‘receptor on the cell membrane. This has been supported 
and amplified by Simon van Heyningen*® who has shown that 
when cholera toxin is bound to an insoluble GGnSLC-cere- 
broside complex, a component, A (molecular weight about 
22,000), may be eluted with neutral 8 M urea. In spite of 


nt with 8 M urea, this component has about 1% of © 


activity of the original toxin as tested in the rabbit skin. 

"This activity is distinguished from that of the whole toxin by 
-. being unaffected by GGnSLC. The remaining portion of the 
toxin, in subunits B (mol ecular weight about 15,000), may be 
eluted from the ganglioside-cerebroside complex with neutral 

6 M guanidine hydrochloride. Subunits B migrated with the 
same rate as subunits of choleragenoid on electrophoresis in 
: olyacrylamide gel containing 6.25 M acid urea; after removal 
ee of the guanidine hydrochloride they were bound again by 









Table 1 daemons of the bee known eae Velde with tetanus 
and cholera toxins 


Molecules toxin ‘bound per molecule 





ganglioside 
Tetanus Cholera 
Ultracentrifuge Toxicity Toxicity 
5 mg ml"? L5ngml? 10 ng ml? 
~GnSLC aici < 0.005 < 0.000,5 
GGnSLC (Gui) 0.04 0,35 
ae i 0.000,05 
o SGGnSLC (Gma) 0.04 < 0.000,5 
GGaSSLC (Gpp) 0,28 < 0.000,5 
z: 0.000,6 
SOGNSSIL (Gr) 0.28 < 0,000,5 





The two sialic acid residues attached to the lactose component are 
necessary for optimal interaction with tetanus toxin, as is the terminal 
galactose residue; but the sialic acid residue attached to it seems to 
play no part. Only one ganglioside, which is sialidase- stable, 
interacts with cholera toxin, and the terminal galactose residue is 
again necessary for the interaction. 

* It is convenient to use McCluer’s abbreviated nomenclature for 
gangliosides” as it is self explanatory, and no less scientific than the 
widely used nomenclature of Svennerholm given in the brackets?*: 
thus, the trisialosyl ganglioside, sialosylgalactosyl-N-acetylgalactosa- 
minylsialosylsialosyllactosyl ceramide (Gri), becomes SGGnSSLC: 


Ceramide if stearic acid — 


OQO 4) 0 
 sphingosine : 
Lactose f glucose | 
(L) | GS) gly 
galactose -—-- sialic acid - ~~ sialic acid 


(Gn) N-acetylgalactosamine 
(G) galactose ~ ~~ sialic acid 
(S) 


(Broken lines signify sialidase-labile bonds) 


GGnSLC, and showed immunological identity with cholerage- 
noid. These data indicate that cholera toxin consists of two 
parts: a larger portion corresponding to choleragenoid (com- 
posed of subunits B) which combines with the GGnSLC 
‘receptor on the cell membrane, and thus facilitates the entry of 
the toxin into the cell; and a smaller portion, component A, 
which does not combine with GGnSLC and is, somehow or 
another, responsible for the activity of the toxin within the 
cell. This is reminiscent of aspects of the composition and 
activity of diphtheria toxin®**!, and of the toxic plant proteins, 
abrin®* and ricin®?. 

The specific blocking action of cholera toxin by the ganglioside 
GGnSLC (G,,) has subsequently been confirmed by Holm- 
gren**-§ and by Cuatrecasas**. Cuatrecasas has made the 
interesting observation that if exogenous GGnSLC is added 

-to cells (lipocytes), and the excess ganglioside is washed from 
the cells, the capacity of these cells to bind and to react to 
subsequently added cholera toxin is increased. This observa- 

pes tion i is reminiscent of the effect, discussed in the previous section, 

ed exogenous ganglioside SSLC in restoring the reactivity 
in of ganglioside-deficient stomach strips. Cuatrecasas 
at the added exogenous ganglioside is actually 
d in the cell membrane, thus providing more 
ites. for the toxin. This is an interesting suggestion, 








































but there is as yet no direct evidence of incor 
ganglioside, only increased binding of, and reac 
toxin, and there may be other explanations, F 
added ganglioside might remove some substa: 
preexisting receptor sites (Gill, private communic: 

Gill and King (unpublished data} have confirmed: 
exogenous GGnSLC increases the response 
terms of adenylate cyclase activity) of intact. y 
cells to cholera toxin, provided always that. 
ganglioside is not in excess (otherwise the. ¢ 
blocked). If the red cells are first lysed wit 
haemolysin, the resulting ghost cells are still reac 
toxin, but the reactivity is not increased by the 
ganglioside. This indicates that if the toxin can e 
by some other means it does not need the entry bs 
the receptor on the outer surface of the cell membra 

The accumulated evidence that the ganglioside 
the receptor for cholera toxin is persuasive, and 
interest in the specific reaction between tetanus - 
GGnSSLC (and SGGnSSLC). Are these the reg 
tetanus toxin on the membranes of nerve cells? Or, 
toxin has both a central and a peripheral action. a 
linum toxin (which does not react specifically with gan 
has only a peripheral action (indistinguishable from 
tetanus toxin), is GGnSSLC responsible only for the cen: 
action of tetanus toxin? 
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Joint transcription of two t 


from Escherichia col 
Alain Ghysen* | 


Departamento de Bioquimica, Facultad de Medicina, Universidad 
de Chile, Santiago, Chile and Medical Research Council Laboratory 
of Molecular Biology 


Biochemical evidence suggests that the two tRNA{** 
-genes of E. coli are transcribed together as a single pre- 

© cursor. A nuclease activity which cleaves incorrectly but 

© specifically the tRNA” precursor has been revealed. 


> THE tRNA‘ species of Escherichia coli is coded for by 
ae two closely linked genes’. In sup3 mutants, one of these genes 
=` has a mutation in the anticodon which allows the tRNA to 


read UAG?®. sup3-Transducing phages have been constructed. 
One of them, referred to here as ọ80psup3 (Kyoto), carries 
both the suppressor gene and the adjacent wild-type gene’. 
The other will be referred to as 80psup3 (Cambridge), it 
carries only the suppressor gene as a result of an unequal 
recombination deleting the wild-type gene’. Using @80psup3 
(Cambridge), Altman and Smith have shown that the single 
tRNA‘ gene is transcribed as a precursor containing 41 
extra nucleotides at the 5’ end and a few nucleotides at the 3’ 


=. end of the mature tRNA sequence’, This precursor is then 


cleaved at the 5 end of the tRNA sequence by a specific 
endonuclease, RNase P*. The extra 3’-end nucleotides are 
subsequently removed by a different enzyme. The transcrip- 
tion and maturation scheme is not known in the normal 
situation where the two genes are present. 

We recently reported the characterisation of mutations 
affecting the sup3 gene carried by @80psup3 (Kyoto)*; some 
of these result in greatly diminished synthesis of tRNA because 
of the low efficiency of correct processing of the tRNA pre- 
cursor. Similar mutants in @80psup3 (Cambridge) have pre- 
viously been shown to reduce the yield of suppressor tRNA’. 
Two such mutants are Al and A2. Other mutants such as 
U80, U8I and G82 do not appreciably alter biosynthesis of 
the mutant tRNA. Here we asked the question whether mutants 
Al and A2 in the suppressor gene of @80psup3 (Kyoto) also 
lower the amounts of tRNA synthesised by the neighbouring 
wild-type tRNA‘" gene. If the two genes are transcribed 
independently as separate precursor tRNAs, mutations in 
the suppressor gene would not be expected to alter the synthesis 
of the wild-type gene. 

Our results suggest that the two tRNA genes are transcribed 
together as a common large precursor. We also show that in 
a RNaseP” strain® the tRNA‘’' precursor is cleaved in- 
correctly by an specific nuclease. 


Mutations in the sup3 gene : 

The phage 80psup3 (Kyoto) carries both the suppressor 
and the wild-type tRNA‘ genes. We have studied the 
expression of the two genes in cells infected with the original 
phage and with five mutants: Al, A2, U80, U81 and G82. 
These mutants have been previously described®, each contains 
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a single base change in the amino acid acceptor stem of the 
suppressor tRNA. The Al mutation results in a G--A base 
substitution at the 5’ end of the suppressor tRNA. Three 
independently isolated @80psup3 Al mutants (A1-16, A1-56 and 
A1-79) were compared with @80psup3 (Kyoto) for the expression 
of the suppressor and the wild-type tRNA‘’' genes. The 
total RNA synthesised after infection with the transducing 
phages was labelled with °*P-orthophosphate and subjected 
to polyacrylamide gel electrophoresis® which separates the 
total tRNA‘ from other tRNAs, most of which migrate as 
a broad band running ahead of the tRNA'™’ band (49 
tRNA). 

The total tyrosine tRNA corresponds to a mixture of sup- 
pressor tRNA, wild-type tRNA?" and host tRNA FY. 
The ratio (total tRNA‘ ’)/C4S’ tRNA) was calculated by 
direct counting of the two bands. The quantitative estimation 
of the various types of tRNA‘ was carried out as described 
in the legend of Table 1. The results are presented in Table 1, 
lines I to 4. Columns I to V show the ratio of total tRNA‘ 


Table 1 tRNA’ production in Al infected cells 
Total tRNA? 
nme 8 'Y Molar yield of the T, fragments 
‘AS’ (RNA 
Mutant Flexanu- 
I H UWL IV V cleotide pAG 3’ end* 
UCACAG C81 U8t 
Single mutants 
Al -16t 29 30 30 31 37 0-12 0-09¢ = Š 
Al ‘S67 28 27 29 ND ND O-f1 0-10; = — 
A1-79t 25 24 37 ND ND 0-12 0-Q08Ż = 7 
sup3 107 ND 118 118 112 ND ~= ~ — 
Double mutants 
Al-16 U8i ND ND ND 103 118 0-017 0-40 0-35 0:32t 
Al:16P2 NDNDND 63 62 0-031 0-37 = = 
Al-56P2 NDNDND 60 65 0-036 0-33 ~ r 
Uninfected* 4 3 NDNDND 0-55 - os “ 





tRNAT’® production in Al infected cells. E. coli MB94 grown in 


low phosphate medium! at 30° C was infécted at a multiplicity of 
30 and labelled for 60 min with 3*P-orthophosphate’*. The total 
RNA was subjected to polyacrylamide gel electrophoresis*®. The 
ratio (total tRNA?™)/C(4S’ tRNA) was determined by direct count- 
ing of the two bands. The total tRNA®™" was extracted from the 
gels, digested with T, RNase and subjected to two-dimensional 
electrophoresis!!'4*, Since all the mutants give characteristic T, 
fragments®, it is possible to determine the proportion of mutant 
and wild-type tRNA among the total tRNA?’’, Similarly, the 
proportion of host tRNA?’ can be determined since it contains 
the hexanucleotide UCACAG which is not present in tRNA?’ 
(ref. 10). Columns I to V show the ratio of the radioactivity present 
in the total tRNA! to that in the 4S tRNA in five experiments. 
The radioactivity of the various T, fragments was measured by liquid 
scintillation counting. 

* The njutant Y end has the C-> U81 base substitution. 

+ Al.16, Al.56 and A1.79 are three independent isolated Al mutants. 
t Average result of two independent determinations. 

§ a same results are obtained in uninfected cells or 80 infected 
cells. 

~ Absence of the fragment. 

ND Not determined. 
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Table 2 Expression of the tRNA®™" genes 





*Phage-coded tRNA'™ Coefficient of expression of the 
(%) tRNA’? genes 
4S tRNA Wild-type Suppressor 
Mutant Totalt genet genet 
Single mutants 
A1:16, Al-56, Al-79 25 0:23 0:20 0-02 
sup3 ,; 109 1-0 0:5 0-5 
Double’ mutants 
Al-Ņ6 U8! 107 0-98 0-55 0-45 
Al-A6 P2, A1:56 P2 60 0-55 0:325 0-225 






* T)Ae average ratio tyr tRNA/4S tRNA was calculated from the 
ain Table | and the background of host tyrosine tRNA has been 
subtracted. 

t The full expression of both genes has been given value a of | 
(sup3). 

t The values correspond to the ratio wild-type: suppressor found as 
result of the T, RNase digestion. The efficiency of transfer of the 
pAG fragment to the DEAE-cellulose paper is 90%; therefore a 
factor of 1.1 was applied to convert the molar yields of pAG into 
the ratios Al tRNA: total tRNA™"'. The efficiency of transfer of 
the normal and modified 3’ ends were assumed to be identical. 


to the bulk of other tRNAs (‘4S’ tRNA) in five experiments. 
The last column shows the molar yield of the T, RNase 
fragments pAG (characteristic of the Al tRNA) and UCACAG 
(characteristic of tRNA?" (ref. 10). The results of all three 
Al mutants have been pooled in Table 2, column 1. In the 
second column the average ratio (total tRNA‘'’)/(‘4S’ tRNA) 
is expressed as a function of the average ratio for @80psup3 
(Kyoto). This fraction represents the ‘coefficient of expression’ 
of the transduced tRNA‘ genes, equal to 1 in the case of 
sup3 (Kyoto) were both genes are normally expressed. In the 
last two columns of Table 2 the ‘coefficient of expression’ is 
distributed between the wild-type and the suppressor genes 
according to the relative proportions of the two tRNAs re- 
vealed by T, RNase digestion. The results show that the Al 
mutation reduces the expression of the adjacent wild-type 
gene to 40% of its normal value. This effect is cis specific 
since the amount of tRNA?" is not reduced after infection 
by any of the Al mutants. The A2 mutation (G—-A change 
at the second position from the 5’ end) reduces the amount 
of suppressor tRNA to 25-30% and the amount of wild-type 
tRNA to 70-75% of their normal value (data not shown). 
The U80, U8I and G82 mutants synthesise both tRNAs at 
normal levels (data not shown). 


Reversion of the effect of Al and A2 by 
secondary mutations 


Double mutants showing an increased suppressor tRNA 
synthesis have been isolated from @80psup3 Al (Kyoto). 
One of them, Al U81, has a second base change at position 81, 
opposite to position | in the clover-leaf structure, while the 
second (A1P2) has no other change in the nucleotide sequence 
of the mature tRNA. One AI U81 and two independent A1P2 
mutants were studied. The tRNA" production in infected 
cells are reported in Table 1, lines 5-7. The data has been 
treated as described above and summarised in Table 2. The 
U8! mutation raises the amount of the suppressor tRNA to 
almost normal levels. In addition U81 fully reverses the effect 
of the Al mutation on the production of the wild-type tRNA. 
This indicates that the effects of the Al mutation on the 
amounts of the suppressor and of the wild-type tRNAs are 
due to the same structural defect which is corrected by the 
second C--U81 base change. The P2 mutation also reverses 
the effect of Al on both suppressor and wild-type tRNA 
production, however this reversion is only partial. P2edoes not 
seem to be a promoter mutation since it induces different 
increases in the coefficient of expression of the twS tRNAs. 
Therefore P2 is most likely a precursor mutation which some- 
how compensates for the structural defect caused by the Al 
mutation. A double mutant, A2U80, obtained from @80psup3 


èe Radioactive samples were applied to 12% pavers 
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A2(Kyoto)® has also been studied. The secondary C-—-U 
mutation at position 80 completely reverses the effect of A2 
on the synthesis of the suppressor and the wild-type tRNAs 
(data not shown). 


tRNA?» precursors in RNase P cells 


To characterise the transcription products of the phage- 
transduced tRNA™" genes we used the temperature-sensitive 
RNase P- mutant described by Sched! and Primakoff.” At 
42° C the tRNA-processing enzyme RNase P is inactive, 
thus allowing the isolation of tRNA precursors in which the 
5’ termini has not been removed. We analysed the RNAs 


<—<— Origin 








® 


a b c 


Fig. 1 Polyacrylamide gel electrophoresis of **P—RNAs from 
A49 infected cells. A49 cells (RNase P, kindly provided by 
P. Schedl) grown at 30° C in TPGA medium™ (5«10* M 
phosphate) to 4 x 10* cells ml were collected by centrifugation 
and re-suspended in one-fifth volume of TPGA medium (5 x 
10°M phospiate) prewarmed at 42° C. After 10 min of acration 
at 42° C, 0.02 vol of M MgSO, was added and 0.5 mi of cells 
were infected at a multiplicity of 30. After 10 min adso 
without aefation the cells were diluted 10-fold into A 
medium (9x10° M a wg prewarmed at 42° C (t=0). 
5 mCi of **P-orthophosphate were added at f=27 min and 
the incorporation stopped 10 min later by adding and 
volume of buffer saturated phenol prewarmed at 42° C. Thi 
procedure is similar to that described by Sched] and hee eea N 
ge 
as described by Peacock and Diagman.’ a, 80; p80 psup 
3 AIU81 (Kyoto) and c, @80 psup 3 (Cambridge). 
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synthesised in RNase P deficient cells infected with @80psup3 
(Kyoto), @80psup3 (Cambridge) and various mutants. Figure | 
shows an autoradiograph of a polyacrylamide gel electro- 
phoresis of **P-RNAs from RNase P^ cells infected with (a) 
80, (b) p 80p sup3 Al U81 (Kyoto)and (c) p80psup3 (Cambridge) 
and labelled with **P-orthophosphate at 42° C. Bands XI, 
X2, X3 and X4 are absent from cells infected with @80 and all 
contain tRNA‘ sequences. The pattern of RNAs synthesised 
after infection with @80psup3 (Kyoto) is identical to that from 
@80psup3 A1U81 (Kyoto). All the bands were extracted from 
the gels, digested with RNase T, and fingerprinted'''*. The 
results for AlU81 are shown in Fig. 2. X1 corresponds to the 
precursor tRNA described by Altman and Smith*. It contains 
the sequence of precursor AlU81 sup3 tRNA, however, and 
not that of the wild-type tRNA!’ precursor (Fig. la). The 3’-end 
fragment of this precursor was shown by pancreatic RNAse 
digestion to contain the C--U81 base change. It also contains 
a few additional 3’ nucleotides (including the dinucleotide AU) 
which are not found in the mature 3’-end fragment. The UAG 
fragment results from the G--A mutation. The absence of 
C81-modified 3’ end, ACUG and the composition of the anti- 
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Mod 3 end 





st as OMe Pa aT 


Fig. 2 Two-dimensional fractionation of RNase T, digestion 
ducts. a, AlU81 band XI; b, A1U81 band X2; c, A1U8I 
d X3 and d, A155P2 band X3. Electrophoresis on cellulose 

acetate in pyridine acetate, 7 M urea, pH 3.5 right to left; 

and on DEAE paper in 7% formic acid (v/v) from top to 

bottom. U8I—Mo 

U81 mutation and the extrae3’ end nucleotides. Mog 3’ end= 3 
end fragment containing the 3’-end extra nucleotides. 


‘ end=3’-end fragment containing the „e 


_-_ a Ff 
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codon indicate that no wild-type tRNA sequence is present 
in this RNA band. 

Band X2 (Fig. 24) corresponds to a 1:1 mixture of AIUS8I 
and wild-type sequences as judged by the quantitation of the 
two 3’-end fragments (containing U8! and C81 respectively), 
ACUG and the anticodon fragment. None of the, fragments 
of the precursor 5’ end can be detected, yet these tRNAs 
differ from the mature tRNAs in the absence of the noymal T, 
5’-end fragments (pAG and pGp respectively). In the Gase of 
the suppressor tRNA pAG is replaced by a new 5’-end, frag- 
ment, UAG. This fragment results from the incorrect cleavage 
of the precursor between residues 40 and 41 (ref. 4) as shQwn 
in Fig. 3. Also, pancreatic RNase digestion of band X2 tR 
gives AGU and no pAGU can be detected. The situation 
however is not clear for the wild-type tRNA'*' since we do 
not find any new fragment that replaces pGp. The 3’ end of 
both tRNAs contain some or all of the 3’-end extra nucleo- 
tides present at the 3’ end of band XI RNA. 

Band X3 (Fig. 2c) corresponds to a 1:2 mixture of Al U8! 
and wild-type sequences; no other difference could be detected 
between the fingerprints of bands X2 and X3. These bands 
do not always separate; the occasional separation could 
conceivably be due to a partial loss of some of the 3’-end 
extra nucleotides. 

Band X4 RNA (fingerprint not shown) differs from band X2 
and X3 by having mature 3’-end fragments. Since this band is 
heavily contaiminated and the fingerprints contain pGp it 
is difficult to assess whether the wild-type tRNA has an ab- 
normal 5’ end. In the case of the suppressor gene we can 
detect small amounts of pAG, however this fragment is not 
in molar yields with the U8! 3’-end fragment. It is likely then 
that at least the suppressor tRNA contains an abnormal 5’ end. 

Although we analysed all the other bands in the gel in Fig. 14, 
we have been unable to find a precursor for the wild-type 
tRNA or a doublet precursor. Further evidence that a singlet 
precursor for the wild-type tRNA gene cannot be detected 
has been obtained by analysing the RNAs synthesised in 
RNase P- cells infected with Al mutants. Infection with 
p80psup3 Al (Cambridge), which carries only the Al tRNA 
gene, yields none of the | to 4 bands as a result of the thermo- 
sensitivity of the Al mutation. When the infecting phage is 
@80psup3 A1P2 (Kyoto), which carries both the Al and the 
wild-type genes, only bands X3 and X4 can be detected (results 
not shown). T, RNase digests of band X3 (Fig. 2d) and X4 
(not shown) confirm that they contain the wild type but not 
the Al sequence. Similar analysis of the @80Opsup3~ phage 
(Cambridge) which carries only the wild-type gene yields 
bands X1, a diffuse band in the position of X2 and X3 and 
band X4 (results not shown). 


Common tRNA precursor 


Some mutations, which break base pairs in the amino acid 
acceptor stem of the suppressor tRNA!" decrease the yield 
of tRNA coded by the adjacent wild-type gene. This result 
suggests that the two tRNAs are synthesised as a single tran- 
scription product (‘doublet’ precursor), so that a structural 
deformation close to the RNase P cleavage point affects the 
processing, and therefore the yield of both tRNAs. This 
explanation is further supported by the observation that no 
‘singlet’ precursor can be detected for the wild-type tRNA‘. 
We feel that the origin of the tyrosine tRNAs sequence found 
in RNase P^ cells is best explained as pictured in Fig. 3. The 
two genes are transcribed as a long precursor containing both 
sequences, the suppressor sequence being first from the 5’ end. 
The length of the spacer between the two tRNAs cannot be 
derived from our data, it could be 35-70 nucleotides'*. As a 
result of endonuclease cleavage(s), this unstable precursor 
yields a Singlet precursor containing the suppressor sequence 
(band X1), and a wild-type tRNA with inmature 5’ and 3’ ends 
(bands X2 and X3). The ‘singlet’ precursor is further cleaved 
incorrectly but specifically between residues 40 and 41 of the 
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Fig. 3 Possible origin of the precursor cleavage products. 
The first tRNA sequence of the doublet precursor corres- 
ponds to the AIU81 suppressor, the second is the wild-type 
sequence. The black dots indicate that neither the length nor 
, the sequence of these fragments is known. The arrows indicate 
the proposed nuclease cleavage. The last residue of the ‘mature’ 
tRNA has been written as (Aon) since we have not established 
its identity. + and — correspond to the suppressor and wild- 
type anticodon respectively. 


precursor fragment! (arrow 2 in Fig. 3) to give a suppressor 
tRNA beginning with HOUAG --- -~ at the 5’ end and with 
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immature 3’ end. At present we do not know whether the en- 
zyme that cleaves incorrectly at the 5’ end of the suppressor 
tRNA is also responsible for the cleavage of the initial doublet 
precursor at the 5’ end of the wild-type tRNA. Finally, the 
extra 3° end nucleotides are cleaved (arrow 3 in Fig. 3). At 
least in, the case of the suppressor tRNA the 5’ end seems to 
remain abnormal. 

Another example of common precursor for closely linked 
tRNA genes has been reported in the case of the T4 coded 
tRNAs}. Furthermore the occurrence of other closely 
linked tRNA genes in the bacterial genome also raises the 
possibility of large bacterial tRNA precursors containing two 
or more tRNA sequences!*}8, Indeed, Sched] and Primakoff® 
have recently reported that they have found tRNA precursors 
containing more than one tRNA sequence in RNase P” cells. 
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Simian virus 40 in a human cancer 
Federico Soriano, Charles E. Shelburne & Muharrem Gökcen 


Research and Education Division, Health Central Inc. & Life Sciences Foundation, Minneapolis, Minnesota 55422 


Simian virus 40 (SV40) and SV40 T (tumour) antigen 
have been detected in the malignant melanoma metastases 


of a patient in which specific viral and T antibodies were » 


demonstrated. 


$ 
THe patient in our investigation, a plumber born in 1894, 
had no personal or familial history of chronic illness or 
congenital anomaly. A pigmented skin growth in his upper 
back, which he had noticed 2-3 yr before, was removed in 


* "1964 and fgund to be a malignapt melanoma. The diagnosis 
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was later confirmed in biopsies of axillary and cervical 
lymph node metastases, in the cells of a pleural exudate 
that developed shortly before death, and at autopsy, per- 
formed in December 1967. No history of immunisation 
with vaccines likely to contain SV40 was later found. At 
autopsy there were widespread pigmented or unpigmented 
metastases in the skin and muscles of the shoulder and 
chest wall, in the lungs, pleuras, diaphragm, liver, lymph 
nodes, dura, brain and heart, also hydrothorax and broncho- 
pneumonia. 

The medium used for tissue culture consisted of equal 
parts of McCoy’s 5a medium and medium 199, supple- 
mented with foetal bovine serum and antibiotics. Metastatic 
and normal tissues taken at autopsy were cultured after 
mincing or trypsinising. The tumour cultures initially con- 
tained tumour cells, fibroblasts and some lymphocytes. All 
cultures were kept for 1-3 months but were gradually lost. 
Only cultures of normal spleen and normal kidney were 
frozen for future subculture; none of the others showed 
adequate growth. Continuous cultures of typical lympho- 


blastoid cells forming floating colonies eventually emerged ° 


from cultures of the spleen and of muscle and lymph node 
metastases, however. These three exclusively lymphoblastoid 
cell lines have been cultured for several years. 


Virus studies 


Several specimens of lung, liver and muscle metastases 
and of normal spleen and kidney had been frozen since 
autopsy at —94°C without medium or cryoprotective 
agents. Beginning 14 months after autopsy, the specimens 
were thawed, minced, forced through fine sieves while 
rinsing, centrifuged, and resuspended at 20% concentration 
in medium containing 10% heated foetal bovine serum. 
Aliquots were frozen for future use. The suspensions con- 
sisted of broken cells and debris. They were centrifuged at 
500g for 10 min and each of several monolayers grown in 
30-ml flasks was inoculated with 0.1 ml of the pellet. The 
cultures were maintained with medium containing heated 
foetal bovine serum and examined regularly with an in- 
verted phase contrast microscope. 

In the first isolation experiment with various human and 
animal cell cultures, signs of cytopathic effects charac- 
teristic of SV40 were first observed after 30 d in one primary 
grivet (African green monkey) kidney culture inoculated 
with a lung metastasis specimen. Ten days later virus was 
collected {isolate A). AJl cultures had been observed for 
more than 1 month before inoculation and were negative 
for virus and Mycoplasma. All negative and control 
cultures were held for 6 weeks after virus collection; no 
virus growth occurred. 

To avoid the risk of viral contamination in new lots, 
primary grivet kidney cultures were permanently discon- 
tinued after this experiment; primary rhesus kidney cultures 
were never used. Subsequent isolations were carried out 
with the grivet kidney-derived BSC-1 cell line; cell stock 
was obtained from the American Type Culture Collection. 
From another lung metastasis virus was recovered in three 
further successive attempts (isolates B, C and D). In two 
other separate experiments virus was isolated from liver and 
muscle metastases (isolates E and F). In no case was any 
incipient cytopathic effect characteristic of $V40 observed 
sooner than the fourth week of incubation or later than the 
fifth. In each experiment all negative cultureg and controls 
were kept, without showing cytopathic effects® for at least 
8 weeks after virus collection from the positive cultures. 
Over the years during which these isolations were made no 


viral or mycoplasma! contamination was detected in several * 


thousand stock and control cultures mpnitored periodically, 
by electron microscopy os cultural methods. ə 
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Several other attempts with the preViously positive speci- 
mens or with different tumour specimens were unsuccessful. 
Virus was recovered from about 3% of approximately 500 
cultures inoculated with original tumour tissue pellets or 
with blind passages. In the successful isolations, excluding 
the other attempts, a total of 11 ml of packed tissues (0.1 
ml per culture) yielded 15 positive cultures. It can be 
estimated that approximately 1 infectious unit was con- 
tained in I g of the pellets or in no less than 1 g of intact 
tumour at the time of death, and that virus was detectable 
only in some parts of the tumours. 

In further experiments inoculation of tumour pellets into 
less sensitive grivet kidney cell lines (CV~1, Vero) yielded 
no virus and BSC-1 cultures remained negative after inocu- 
lation with cell-free tumour extracts. No virus was re- 
covered from BSC~1 cells inoculated with pellets of the 
normal spleen and normal kidney, nor from human fibro- 
blast and primary embryonic kidney cultures inoculated 
with pellets of the tumours or of the normal organs. No 
virus grew, and no viral or T antigen was detected by im- 
munofiuorescence, in BSC-—1 cultures inoculated with live 
(cocultivation) or homogenised cells of the three lympho- 
blastoid lines. Each of these experiments lasted 2~3 months 
and was repeated at least once. 

Electron microscopy of a brain metastasis that had been 
kept in formalin revealed no virions in several samples of 
the tumour and of the adjacent white matter. There was 
good preservation of fine detail. 

Mice and Syrian hamsters were inoculated at birth with 
pellets of the normal and metastatic tissues and of pleural 
tumour cells obtained before death. No meaningful disease 
occurred during the natural life span of the survivors. 

In cross-neutralisation tests no significant differences were 
found between the six isolates and two known SV4O0 strains. 
Strain J436 and baboon antiserum to J436 were obtained 
from the National Institutes of Health, strain A2895 from 
the American Type Culture Collection; rabbit antisera to 
A2895 and to the six isolates were produced in our labora- 
tory. The two known antisera neutralised the six isolates 
and two known strains to the same extent; antiserum to 
each isolate had about the same titre against the particular 
isolate as against the two known strains. Since each isolate 
was also proved to be oncogenic for newborn hamsters and 
no difference from SV40 was found in further work, we 
have designated isolates A to F collectively as Strain F of 
SV40, or SF. 

Strain F is identical to other strains in its intrinsic 
properties, growth in cell cultures, cytopathic effects, cell- 
transforming efficiency, oncogenicity, and electron micro- 
scopic features'~*, Subcutaneous or intracerebral inoculation 
of newborn hamsters induced local sarcomas or ependy- 
momas as described for SV40 (refs 5 and 6). Cultures of non- 
tumour human cells supported its growth and underwent 
malignant transformation. Inoculation of SF-transformed 
mouse or hamster cell cultures in the respective hosts re- 
sulted in malignant tumours. As within SV40 strains, 
tumours can be prevented in hamsters inoculated at birth 
with strain A2895 by injecting SF during the incubation 
period; conversely, SF tumours can be prevented by a second 
injection with A2895. 

Identity of the cellular T antigen induced by SV40 (ref. 7) 
with the SF-induced T antigen was demonstrated by indirect 
immunofluorescence®. Coverslip cell cultures fixed in acetone 
were used immediately or stored at —30° C. Known SV40 
T-positive cultures were TT-101, a virus-free SV40 hamster 
tumour cell line (Flow Laboratories, Rockville, Maryland) 
and BSC~1 cells inoculated with A2895; SF T-positive 
cultures were S-419, a virus-free line derived from an SF 
hamsteretumour, and BSC-1 cells inoculated with SF. In- 
fected BSC~—1 cells were fixed 3 d after inoculation. Control 
cultures were normal continuous (BHK~21) or primary 
hamster kidney cells, and normal BSC~1 cells. Known SV40 
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T antiserum was obtained from Flow Laboratories and 
from hamsters bearing transplanted A2895 tumours, SF T 
antiserum from hamsters with transplanted SF tumours, 
and control serum from normal hamsters; all T antisera 
were free of viral antibodies. Fluorescein-labelled y-globulin 
against hamster y-globulin was obtained commercially. The 
SV40 T antisera stained SV40 T-positive and SF T-positive 
cells to the same extent, and the same was true for the SF T 
antiserum; all controls were negative. Each antiserum was 
absorbed equally well with T antigen extracts from hamster 
tumours induced by known SV40 or SF. 


Antibody and antigen studies 


Patient’s serum was unavailable, but several specimens of 
pleural exudate had been stored at —30° C. Early attempts 
to demonstrate antibodies in exudate obtained shortly before 
death were unsuccessful. The patient’s blood belonged to 
group O, however, so a search for samples with at least 
agglutinating antibodies for AB erythrocytes was made. 
Only the earliest sample, stored 6 d before death, had 
haemagglutinating activity. It contained IgG, IgA, IgM, 
and detectable SV40 viral and T antibodies. 

Heat-inactivated exudate, diluted 1:2, neutralised 70-100 
median tissue culture infectious doses of SF, A2895 or J436 
in BSC-1 cells observed over 3 weeks but it did not do so 
when diluted 1:2 in a concentrated rabbit y-globulin of a 
high titre against human y-globulin, thus indicating activity 
caused by antibody. The antihuman y-globulin alone had 
no effeot on the viruses or the cells. 

T antibodies were demonstrated as described above by 
indirect immunofluorescence with known SV40 T- positive 
cultures (virus-free TT 101 cells and A2895-inoculated BSC-1 
cells), SF T-positive cultures (virus-free S419 cells and SF- 
inoculated BSC-1 cells) and controls. To prevent virus 
growth, inoculated BSC~1 cultures were maintained during 
the 3 d of incubation with daily changes of medium con- 
taining 20 »g ml! S5—fluorodeoxyuridine and 20 xg ml 
]-8-D-arabinofuranosylcytosine. Besides normal BSC~1 
and hamster cells, controls included previously T—positive 
coverslips in which the antigen had been destroyed by stor- 
ing for several weeks at 4° C and positive controls stained 
with hamster T antiserum and labelled anti-hamster 
y-globulin. The exudate was, treated with heparin to inhibit 
any solublisation of T antigen by RNase it may have con- 
tained, and with thimerosal and phenol to inhibit microbial 
growth. Normal human serum and the labelled globulin 
applied alone served as controls. The exudate stained typi- 
cally and exclusively the nuclei of all T positive cells. Six 


applications, each followed by 1 d of incubation at 4° C, 


were needed for best results with the tumour cells. Quicker 
results were obtained with inoculated BSC —1 cells, which 
produce more antigen, and with exudate concentrated by 
ammonium sulphate precipitation. Concentrated exudate 
absorbed with T antigen extracted from BSC-1 cells in- 
fected with SF or A2895 lost its staining activity, but it did 
not when absorbed with the same extracts previously ex- 
posed—after sterilising by filtration—to ‘warm’ tempera- 
tures, that is, to 4° C for several weeks or 22° C for a few 
days, or when absorbed with normal BSC-1 extracts, Con- 
centrated exudate blocked the binding of fluorescein-labelled 
hamster T antiserum to T-positive BSC-1 cells, as judged 
by a conspicuous reduction of the staining intensity. Normal 
human serum and high titre anti-nuclear sera from patients 
with systemic lupus erythematosus had no effect. 

T antigen was demonstrated in the patient’? tumour 
tissue suspensions. These were sonicated, treated with RNase 
and centrifuged. The antigen was precipitated from the 
supernatants with saturated ammonium sulphate (32%) or 
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by acidifying to pH 5 with 0.2 M acetic acid’. The pre- 
cipitated antigen was redissolved and dialysed in phosphate- 
buffered saline, pH 7.2. With the small amounts involved 
little final concentration—but some purification—was 
achieved. For positive control, an SF hamster tumour that 
had been kept frozen was extracted in the same way after 
homogenising. These extracts served also as negative con- 
trols after exposure to warm temperatures to destroy the 
antigen, as described above (inactivated T antigens). Similar 
extracts from a human placenta and a human myoma were 
additional control antigens. 

A solid-phase microradioimmunoassay” was adapted to 
demonstrate T antigen. Serial two-fold dilutions of antigens 
in phosphate-buffered saline were placed in wells of microtitre 
plates, 25 wl per well, and dried at 4° C under vacuum in 
a desiccator containing calcium sulphate. After methanol 
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Antigen dilutions 


Fig. 1 Radioimmunoassays of the patients T antigen and 
antibodies. a, Liver (LI), lung (LU) and muscle (MU) tumour 
antigen extracts; a negative control (CO); an SV40 hamster 
tumour extract (HA) as a positive control. All reacted with 
hamster T antiserum and anti-hamster /I-y-globulin. The 
following tests were performed with the patient’s liver 
tumor antigen with a titre of 16. 6, Absorptions: hamster 
T antiserum, unabsorbed (E) or absorbed with the patient's 
T antigen (F), hamster T antigen (G), inactivated patient's 
T antigen (H) or placenta antigen (I), followed by anti- 
hamster ™]-y-globulin. c, Antibodies: patient’s exudate (J), 
normal human serum (K) or systemic lupus erythematosus 
serum (L) followed by anti-human ™I- y-globulin. d, Blocking 
tests: normal hamster serum (M) or hamster T antiserum 
(N), both followed by exudate and anti-human “IJ-y-glo- 
bulin; normal human serum (O) or exudate (P), both fol- 
lowed by hamster T antiserum and antihamster ‘I-y-glo- 
bulin. (For details see text.) 


fixation the plates were rinsed with buffered saline, and 20 
„l per well of each appropriate serum or y-globulin were 
successively Applied for 1 h at 22° C. The plates were rinsed 
after each step; the final y-globulin against hamster or 
human y-globulin was labelled with I (™J-y-globulin). The 
wells were then cut out, placed in tubes and counted for 
radioactivity in a y spectrometer. The average c.p.m. bound 


è éo triplicate test weHs divided by the average c.p.m. bound to 


control welfs gave the binding ratio, ratios of 1.5 or greater 
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being taken as significant. The titre was the reciprocal of the 
highest dilution giving significant binding. 

The T antigen titres obtained with hamster T antiserum 
and anti-hamster /”J-y-globulin in the extracts of the patient’s 
metastases and of the hamster tumour are shown in Fig. la. 
The differences in titre are considered irrelevant. The suspen- 
sions of metastases from which the extracts were made had 
been thawed and rewarmed several times for various 
periods of time; the hamster tumour had never been used; 
the muscle specimen contained many normal muscle fibres. 
The placenta and myoma extracts and the inactivated T 
antigens gave approximately similar results, no different 
from the background given by the labelled globulin alone; 
a representative curve is shown. The following assays were 
performed with the liver tumour extract with a titre of 16 
(patient’s T antigen). T antibodies were removed from the 
hamster T antiserum by absorption with patient’s or hamster 
T antigen but not with inactivated patient’s T antigen or 
placenta extract (Fig. 15). The specificity of the patient’s 
T antigen and antibodies was further demonstrated. The 
patient’s exudate bound significantly to the patient’s T 
antigen but normal human serum or high titre anti-nuclear 
serum from patients with systemic lupus erythematosus did 
not (Fig. Ic). In blocking tests, hamster T antiserum and 
exudate inhibited the binding of each other to the patient’s 
T antigen but lupus and normal human serum or normal 
hamster serum had no effect (Fig. 1d). 

No viral or T antigen was detected by this method or by 
immunofluorescence in the three lymphoblastoid cell lines 
derived from metastatic tissues and from the normal spleen, 
nor by immunofluorescence in subcultures of the normal 
renal epithelium or of the splenic mixture of fibroblasts, 
macrophages and lymphoid cells. 


SV40 in humans 


The findings in this case correspond to those in hamsters 
with SV40 tumours. Virus and T antigen were detected in 
lung, liver and muscle metastases but not in the normal 
spleen and kidney or in the three lymphoblastoid cell lines; 
viral and T antibodies could still be detected in the dying 
patient. 

Not much is known about SV40 multiplication in 
humans. It has rarely been isolated: from faeces after 
ingestion", from throat swabs after respiratory route 
inoculation”, and from the brains of two patients with 
progressive multifocal leukoencephalopathy”*. Only human 
cells are truly semipermissive in vitro, both undergoing 
transformation and permitting SV40 growth. Normally, 
monkey cells are only permissive, and hamster or other 
animal celis are nonpermissive, that is, can only be trans- 
formed. Although humans are apparently inefficient hosts", 
initial in vivo growth, sufficient to induce viral (but not 
anti-T) antibody, is inferred from the titres in persons 
infected by the respiratory? or subcutaneous route, in 
monkey handlers and in persons (including some cancer 
patients) with no known SV40 contact’; this last group 
suggests a natural infection from an unknown reservoir 
and by an unknown route”. 

The minute amounts of SV40 detected exclusively in the 
patient’s tumours could not alone account for a viral anti- 
body response, and do not suggest virus growth but the 
well known occasional release of minjmal residual 
infectivity by some nmonlysing malignant cells. Moreover, 
since no differences in susceptibility of any human cells 
for SV40 infection are known, it is very unlikely that this 


tumorigenic virus could be fortuitously present in three , 


different tumorous organs but not in the normal ones. 
The presence of readjly detectablé T antigen in thé 
tumour extracts cannot be explained by local virus growth. 
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In infected monkey organs SV40 proliferates optimally but 
individual T-containing cells could not be detected. As 
well as high anti-viral titres the animals can develop T 
antibody", so the innocuously infected monkey tissues must 
release immunogenic but in vivo probably undetectable 
amounts of T antigen. By contrast, T antibodies have not 
been detected in noncancerous persons with high and per- 
sistent anti-viral titres*!*!", Some reactivity with SV40 T 
antigen has been detected in only three cancer-free persons 
who had insignificant or no SV40 anti-viral activity; it must 
be considered to be caused by cross-reacting antibodies 
directed against an antigen produced by BK virus, a dif- 
ferent agent”. The failure to detect T antibody in many 
cancer patients’ may indicate that there are indeed very 
few SV40 tumours, or that therapy prevented the tumours 
becoming very large and partly necrotic and releasing the 
intranuclear antigen'*. Failure may also be a consequence 
of the fact that the antibody levels present may be detect- 
able only by more sensitive techniques, or of immuno- 
suppression by anticancer drugs or irradiation. 

We have not detected T antigen in other melanomas; the 
evidence does not imply any obligate association of human 
malignant melanomas with SV40. Injected intravenously, 
SV40 can cause leukaemia, lymphosarcoma, reticulum cell 
sarcoma, osteogenic sarcoma and possibly other malig- 
nancies in hamsters’. Viral antibodies, and by inference 
SV40 infection, occur in childhood“. Human SV40 
malignancies may conceivably” develop only occasionally 
after a very long time or fortuitous triggering. The pos- 
sibility of SV40 hybridising in vivo or in vitro with other 
viruses must be considered, for hybrids could spread the 
tumour-inducing genes of SV40 more efficiently than the 
pure virus; the adenovirus-SV40 hybrids that have 
originated im vitro are well known. 

SV40 tumour cells, like all other cells permanently 
transformed by SV40, contain without exception specific 
T antigen, a nonviral marker of unknown function that 
indicates integration of the viral into the cellular genome*”’. 
No systematic search for SV40 T antigen in human 
cancers has been made. Confirmation of the oncogenicity 
of SV40 for humans will have to come from finding 
additional cases, especially by T antigen detection. 
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An outline structure of cytochrome cs from Desulfovi- 
brio vulgaris has been deducted from sequence and 
nuclear magnetic resonance data. From this structure 
conclusions about electron transfer processes have been 
drawn 





Tue cytochromes of the cz and c7 groups form a class of mul- 
tihaem proteins found in certain bacteria’*. From the react- 
ion chains in which they are involved these proteins seem to 
serve electron transfer and storage functions much in the 
same way as do the ferredoxins. As is true of many fer- 
redoxins these cytochromes have more than one redox 
centre (here haem), are of low molecular weight, and have a 
low redox potential. Great interest centres in their structures 
and electron transfer reactions. Here we shall give an outline 
Structure of one such protein, cytochrome c; from Desul- 
fovibrio vulgaris and go on to describe its electron transfer 
properties. Information about the outline structure has been 
deduced from a knowledge of the amino acid sequence, and’ 
the nuclear magnetic resonance, the absorption, and the 
electron spin resonance spectra, studied under a variety of 
conditions. It should be understood that in principle the 
structure can be improved so as to produce a full three 
dimensional map by the methods we have described else- 
where*>, but that this procedure is totally different from 
that used in an X-ray crystallographic series of refinement. 
In crystallography a rough three-dimensional density map ` 
is improved by increasing data input until local mole- 
cular configuration can be discerned. The methods which 
we use start from local knowledge and build up to the full 
three-dimensional structure using many cross checks. Thus 
we shall proceed in this paper from a one-dimensional 
sequence to a trial outline three-dimensional structure. This 
outline stricture is being thoroughly tested. While gathering 


structural information by NMR much is learnt about the 
dynamic properties of the protein. 

The sequences of five cytochromes of the c3 and c7 classes 
are known. These sequences, including that of Desulfovibrio 
vulgaris, are given in Table 1 (ref. 2). The number of 
haem residues thought to be bound is four in all cases except 
that of cytochrome c: of Chloropseudomonas ethylica. The 
groupings Cys-x-x-Cys-His and Cys-x-x-x-x-Cys-His where 
x represents an amino acid are obvious haem binding sites, 
the histidine binding to the iron (compare cytochrome c). 
Haem binding groups in addition to the above cysteine 
sequences which have been found in other proteins are 
histidine (cytochrome 6;) methionine (cytochrome c) and 
water (myoglobin). We cannot however exciude a lysine or 
a carboxylate-containing residue as an iron binding group. 
The sequences by themselves do not therefore define such 
groups although some further clues are available from them. 
There are a further four invariant histidines (33, 36, 47 and 
83), apart from those indicated above (46, 64, 97 and 122), 
in the sequences of the four cytochromes cz; which have 
four haems. Close to these histidines lie aromatic amino 
acids which might be expected to be associated with a 
haem pocket. (Note these are such small proteins that they 
have only just enough amino acids to cover the four haem 
residues, for each haem residue requires about 20 amino 
acids to cover it.) The sequences also contain invariant 
lysine residues which could well neutralise the anionic car- 
boxylate groups of the haem residues. It is notable too that 
certain parts of the sequences are very variable such as be- 
tween residues 0-25, and 99-108. Much of the region from 
residues 55 to 90 is missing in the three-haem protein from 
Chloropseudomonas ethylica, This region includes the cys- 
teine sequences 58-64 and also histidine 47. This indicates 
that these are the binding groups of one haem in the four- 
haem cytochromes cs. 





Table 1 Amino acid sequences of cytochromes c, and c7. 


l 2 3 

123456789012345678901234567899012 
* vdvPAdGaKidfiaggeKnl VvFn 
t apkaPAdGI Kme----at KqpVvFn 
t vdapadmvi kaPA~GaKv------ t Kap VaFs 
§ vdapgdmvl kaPA- Ga Km-—----- t Kap VdFs 
ki adyvyt yee m = m =- nk KgenvVvVt Fd 

7 8 9 

$56789012345678901234567890123 45 
* HnildkadKs-vnswYkvvHdakggakKpt Cis 
jt HdsmdkkdKs~akgy YhvmHdknt kf K-s Cvg 
t Hantesk-—-Kg-—~ddsf Ymaf Herkse~K~s Cvg 
1g Hv(b/t Jk(kg Kkstpkf YsafHsksdi--~-s Cyg 
q ~~--dkk ee me s a — Hk k d ~ = = ~ ~= a Ckt 


4 5 6 
345678903 23456 78901234567 890123 
Hs t Hkdvk- ChbCHHzpgbkq-yag CttdGC 
Hs t Hksvk~ CgdCHHpvngkedyrk CgtaGC 
Hkg Has md~ Ckt CHHkwdgagaigqp Cqas GC 
Hk g Haal d~-Ct kCH Hkwdgkaevkk Csae GC 
HkaHaeklg CdaCH-egtpakiaid----~-- 

1 1 1 

0 1 2 
67890123456789012345 67890123456 
CHkdkagddkel KKk-~1 Tg CkgsaCHps 
CHvevagadaakKKd--1Tg Ckks kCHe 
CHk--+--+---~-- smKKg-~pTk C~-~teCHpkn 
CHk--—--—-- al KKatgpTk C--gdCHpkkjk 
CHksnn-~-~------ gepTk C--~ggCHi k 





* Desulfovibrio gigas NCIB 9332 (cs) . 

t Desulfovibrio vulgaris MCIB 8303 (Hildenborough) (c3) . 
t Desulfovibrio desulfuricans MCIB 8380 (El Agheila Z)(c,)  ¢« 
§ Desulfovibrio salexigens NCIB 8403 (British Guiana) (c,) 
«Chloropseudomonas ethylica (c) ° 


Sequence § (D. salexigens) is tentative and incomplete (R. P. Ambler, M. Bruschi and J. Le Gall, unpublished observations). The one-l 
notation used is that recommended by the IUPAC-IUB Commission on Biochemical Nomenclatyre**. The haem-binding tee are dadea 
Rei common to each sequence are shown in capitals. This choice is someWhat subjectiye, as deletions can be juggled to improve the apparent 
match. 
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Oxidation-reduction states 

By adding aliquots of sodium dithionite, the reduction at 
25° C of the cytochrome c, from Desulfovibrio vulgaris, 
prepared as described previously’, has been studied by fol- 


lowing the paramagnetically shifted NMR resonances’ which . 
lie to very low field (Fig. 1). The number of methyl reso- 


Nances in this region indicates the number of oxidised 
haem groups present. By monitoring selected peaks the 
disappearance and appearance of three different species 
can be followed readily during a titration (Fig. 2). The titra- 
tion shows that there must be four ‘haems per molecule 
which are reduced in two two-electron steps separated in 
midpoint potential by about 50 mV. 


1000 





a; 
#0 


Signal height 3% 
oS 


"a reduction 


Fig. 1 Appearance and disappearance of NMR lines associated 
with the three different redox states of cytochrome c3. O, Con- 
centration of the fully oxidised state which has been followed 
by measuring the area of several contact shifted methyl reson- 
ances at very low field; x, concentration of the intermediate 
form, followed by the appearance and disappearance of the 
new contact shifted methyl resonances on addition of reducing 
agent, sodium dithionite; W, the appearance of the diamag- 
netic form, followed by the. appearance of the single proton 
resonances at very low field attributed to two histidines. 


EPR measurements have shown quite independently that 
the four haems are quite distinct’. The NMR reduction- 
titration (Fig. 2) starts from four distinct and separate para- 
magnetic haem species, (12-16 low-field methyl resonances, 
shown more clearly in Fig. 3) has an intermediate of two 
paramagnetic species (seven or eight low-field methyl reso- 
nances) and then gives a fully reduced form of four dia- 
magnetic haem species (no low-field methyl resonances). 
The reaction is fully reversible and addition of oxygen to 
the fully reduced species gives an unaltered fully oxidised 
spectrum. Before discussing the NMR spectra further it is 
necessary to characterise the spin states of the haems. 

The absorption®’, the NMR (ref. 10) and the ESR (ref. 8) 
spectra of cytochrome cs from Desulfovibrio vulgaris are all 
characteristic of low-spin Fe(I1D) and Fe(III) in all oxidation 
states of the protein. The four cysteine sequences already 
described as well as the absorption spectra indicate that all 
the haems are bound through thioether linkages (normal 
cytochrome c links) and thus that one of the iron bound 
residues of each haem is a histidine of the sequences 
Cys-x-x-Cys-His or Cys-x-x-x-x-Cys-His. Now as each iron of 
each haem is low spin it is required to be bound to one other 
strong ligand which therefore cannot be water or carboxyl- 
ate, but could be methionine, lysine or histidine. From the 
g values of the EPR spectra of the fully oxidised and half 
oxidised protein’, the other ligands are probably nitrogen 
ligands, that is, either histidine or lysine. The NMR spectrum 
of the oxidised protein also rules out methionine as a haem 
ligands, that is either histidine or lysine. The NMR spectrum 


resonance around +20 p.p.m. (as found in cytochrome cy ° 


‘and the absorption spectrum confirms this as there is po 
695 nm band typical of methionine binding’. McDonald and 
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Phillips have pointed out that the NMR spectrum also 
excludes lysine as a haem ligand as there are no strongly 
upfield shifted CH: groups. A search of the histidine region 
of the NMR spectrum revealed only one histidine in its 
conventional position in all three oxidation states. The four 
rémaining histidines are therefore iron ligands, and in what 
follows it will be assumed that the four haems are bound to 
eight of the nine histidines of the vulgaris sequence. The 
sequences of the five proteins in Table 1 strongly confirm 
this conclusion. 


Details of NMR spectra 


Using resolution enhancement techniques" (compare Fig. 3) 
the NMR resonance positions of at least one hundred reso- 
nances can be followed in each of the three oxidation states. 
In the fully oxidised state the temperature dependences of 
the resonances have been studied from 25° C to 55° C. This 
allows those resonances which are affected by the paramag- 
netic haem groups (temperature dependent) to be separated 
from those which are in their normal diamagnetic positions 
or are shifted from these positions by ring current effects 
(both temperature independent)’. The ring current shifts 
can then be related to known shifts observed in model com- 
pounds using the usual geometric relationships (Fig. 4). The 
paramagnetic shifted resonances can have been affected 
either by contact and pseudo-contact shift (this is the case 
for all groups linked by bonds to the haem iron) or by 
pseudo-contact shift alone (this is the case for all protein 
resonances except the groups bound directly to the iron). 





, 
| pened l y 
EAEAN Od g basate 
: Ia eeeonsonnsonmnnowenennnedanisessttctse 
~30 -25 -20 -15 -10 -5 0 +5 p.p.m. 


Fig. 2 NMR spectra (measured at 270 MHz) of: D. vulgaris 
cytochrome c} in the various oxidation-reduction states ob- 
served during reduction with sodium dithionite. a, fully- 
oxidised species; b, half-reduced species; c, fully-reduced species. 
(Note the vertical scale in b and c is twice that in a.) The 
titration was carried out with 5 mM protein at 25° C. Dioxan 
was used as an internal seat but all peaks are referred to 
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-30 -25 -20 -15 -10 ° =5 0 +5p.p.m. 


Fig. 3 Resolution enhanced spectrum of oxidised cytochrome c3 
at '50° C. 


The pseudo-contact shifts contain much geometric informa- 
tion, which can be used in studies of structure*!*!*3. The 
greatest problem in using all the shift data, which 
undoubtedly permit a complete structure determination. for 
this protein, is that of the assigment of the resonances to 
individual groups. Although we are not yet in a position to 
carry out such a detailed analysis we can give a qualitative 
interpretation of our data. We treat each of the three oxi- 
dation states in turn. 

In the spectrum of fully oxidised cytochrome c, there are 
resonances from +15 to —30 p.p.m. as in cytochrome c, 
but the resonances are spread over the spectrum in a very 
different way from those in the cytochrome c spectrum’ 
despite the similarity in EPR g values*’. The most: obvious 
features are shown in Figs 2 and 3. Apart from the fact 
that there are the expected number of downfield, contact- 
shifted, haem-ring methyl group resonances (12 to 16 can 
be seen), there are very many other resonances with large 
shifts to both high- and low-field. Taking the high-field 
region first, resonances in: this region which show a 
temperature-dependent shift must either lie in the neigh- 
bourhood of and outside the pseudo-contact ‘cone’ of the 
haem iron atoms (Fig. 4) or they must experience an 
appreciable contact shift. From models and studies on other 
haem proteins, three types of group on the porphyrin are 
known to give temperature dependent peaks shifted to 
high field’. They are the single proton haem methenes, some 
of the protons of the propionic acid side chains and at least 
one of the two methyl groups per haem in the groupings 
CH3:CH(haem).S-protein, that is the methyl groups of the 
thioether links. As each of the four iron atoms is bound to 
two histidines, no other paramagnetically shifted methyl 
resonances of iron ligands are expected beyond +1.0 p.p.m. 
Furthermore, in the spectra of all the haem proteins so far 
examined, no paramagnetically shifted methyl group reson- 
ances of non-haem linked residues have been seen at fields 
higher than +1 p.p.m. In cytochrome cç, excluding the 
resonance of the, methionine methyl group which is known 
to be absent in the cytochrome c; proteins, the most strongly 
high-field shifted methyl resonances (due to a thioether 
methyl group) is seen at +2.2 p.p.m. (ref. 12). By contrast, 
cytochrome c3 has some six methyl resonances in the region 
from +2 to +5 p.p.m. This large number of methyl groups 
shifted to high field leads immediately to the suggestion that 
some of the haems are placed end to end producing a region 
between them of large upfield pseudo-contact shift (see 
Figs 4, 5). In this region of the spectrum there are also a 
number of unidentified resonances of one or two protons 
intensity. Two single-proton peaks are very strongly upfield 
shifted (+15 p.p.m.) and probably arise from two methene 
protons. 

In the low-field region, apart from the 12-16 contact 
shifted haem methyl group resonances, there are at least 10 
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resonances of one proton strength beyond —10 p.p.m. It is 
likely that these resonances are some of the C: and Ci >CH 
groups of histidines which should be strongly downfield 
shifted by a pseudo-contact mechanism as they are inside the 
cone (Fig. 4). 

The spectrum around —7 p.p.m. where the aromatic pro- 
tons are generally observed is quite different from that ex- 
pected, indicating that all or at least most of the five 
aromatic rings have their resonances displaced by pseudo- 
contact interactions. Similarly the methyl group resonances, 
which in a protein normally have strong maxima in the 
region of —1 to —3 p.p.m. are spread grossly over the whole 
range from +5 to —5 p.p.m. This is hardly surprising as 
each of the four haems will interact with some different part 
of the protein. 

The region of the spectrum from —8 to ~—10 p.p.m. 
shows only one histidine resonance in roughly the correct 
position for a possible not bound to iron (see also ref. 10) 
but it also contains a large number of single proton peaks. 
We return to these resonances later for they must be very 
close to the haem group, as is shown by their broadening in 
intermediate states of oxidation-reduction. It is in this region 
of the spectrum that >NH resonances are normally ob- 
served. i 

The resonance peaks of the half-oxidised species are 
readily separated from the fully reduced and fully oxidised 


+ 





S N 


Fig. 4 Schematic representation of the regions of space (cones) 
which give rise to shifts of NMR resonances, a, The case for a 
ring-current shift which has axial symmetry. Protons lying 
within the cone experience an upfield shift (+). b, Case for 
axial pseudo-contact shift with the signs appropriate for low 
spin Fe(III), aeproton within the cone experiencing a down- 
field pseudo-contact shift. As the pseudo-contact term exceeds 
the ring-current shift by a factor of three, shifts in Fe(III) 
porphyrin Si Nate are in the opposed sense to those in dia- 
magnetic Fe(il) porphyrin complexes. In a protein the field 
around Fe(II) is rhombic, though largely dominated by an 
axial term, so that care must be taken in the detailed interpre- 
tation of pseudo-contact shifts. The cones are derived from a 
consideration of the angle dependence of shift (3 cos?@—-1), 
‘ehere 0 is the angle between r; (the vector between the haem 
iron and the observed protdén) and the g,—axis). 
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Fig. 5 Proposed outline structure of cytochrome c, from 
Desulfovibrio vulgaris. 


species (Fig. 2). At very low field, beyond the normal aro- 
matic proton region there are now some six to eight contact- 
shifted methyl resonances indicating that two haems remain 
oxidised. There are however only two methyl resonances at 
very high field, that is above +1.0 p.p.m. although there 
are also some broad and unidentified one and two proton 
peaks shifted into this region of the spectrum of oxidised 
cytochrome c, two paramagnetic haem groups replacing 
the one in cytochrome c, showing that the cooperativity 
required to explain the shifts in the fully oxidised species 
has disappeared. If two haems in the different oxidation 
states Fe(II), diamagnetic, and Fe(II), paramagnetic, are 
packed end to end then the shifts due to one are opposed 
to the shifts of the other (Fig. 4). The shifts are now anti- 
‘cooperative. We emphasise that the downfield contact- 
shifted methyl resonances move upfield going from fully 
oxidised to half reduced. 

The aromatic protons of the half-oxidised spectrum are 
again not recognisable in their usual positions but the ali- 
phatic region is more closely that of a conventional haem 
protein. A single histidine resonance lies in the expected 
part of the spectrum. The region from —8 to —10 p.p.m. 
has no structure but as in the oxidised species a rough esti- 
mate of the number of >NH protons which do not ex- 
change in D,O is five to ten. 

The fully reduced spectrum has several unusual features. 
In the upfield region there are more than ter single reson- 
ances close to or above 0 p.p.m. We assign nfany of these 
single resonances to ring-current shifted protons of histidine 
bound to iron. They are shifted upfield by the ring current 


of the haem (Fig. 4). It is known that the «-protons of ° 
pyridine bound to a diamagnetic haem, are shifted into thjs, 


region”, There is only one possible histidine proton at —8 
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p.p.m. and thus as in the oxidised and intermediate forms we 
can state that eight of the nine histidines are bound to the 
haem. There are no methyl resonances in this upfield region. 
This shows yet again that unlike cytochrome c there are no 
methionines bound to the central iron. Furthermore, no 
methyl groups sit centrally inside the cone of the haem 
rings and close to the haem. 

The methyl region, around —2 p.p.m. is now rather simi- 
lar to that of other proteins. (McDonald and Phillips” 
point out that in fact the methyl region is displaced to 
low field to some extent.) In the region between —6 and 
—10 p.p.m. there is a large number of sharp single proton 
resonances, It is hard to assess the number accurately but 
it exceeds 10. These are undoubtedly some of the ring 
methene bridge >CH groups. They are downfield shifted 
by the ring current (Fig. 4). Again resonances from aro- 
matic protons cannot be recognised in the usual positions. 
This is expected of course if the aromatic groups are close 
to the haem so that their resonances experience ring-current 
shifts. In this region, there is also a number of protons, 
say five to ten, assigned to nonexchanging >NH from 
peptide bonds. This region of the spectrum (in DO) is not 
altered after a cycle of oxidation and reduction or after 
cycling from 25° C to 55° C and holding at the high temp- 
erature for some hours, or even after several weeks at 0° C. 
Some of the >NH protons are very resistant to exchange. 

This brings us to the most remarkable feature of the 
reduced spectrum. At very low field, —14.5 and —16.3 
p.p.m., there are two single proton resonances. As this is 
a diamagnetic system such resonances must originate from 
>NH groups. It is not possible to conceive of a ring-current 
shift of minimally 8 p.p.m. downfield of the most downfield 
> CH resonance. It is known that even the effect on ortho 
protons of haem-bound pyridine is only about 8 p.p.m. 
upfield“, and the chemical shift of imidazole protons of 
iron-haem ligands is about 0 p.p.m. As the maximum 
upfield shift is twice the maximum downfield shift, from 
the angle dependence of shift, (3 cos*@—1), (Fig. 4), we 
can eliminate the possibility of downfield shifts of greater 
than 5 p.p.m. We therefore assign the two resonances to 
>NH groups of histidine which are known to occur at 
such a low field in H:O (ref. 15). Usually such resonances 
exchange rapidly in D2O. These two histidines must be 
in a region of the protein very well protected from water. 
Since their resonances disappear from this part of the spect- 
Tum on oxidation. (Figs 1 and 2), they must be bound to 
iron. 

Introduction of very small amounts of either oxidising 
or reducing agents to the fully reduced or fully oxidised 
systems respectively causes a profound change in the line 
widths of some resonances. In fact all the sharp resonances 
due to haem protons, for example methene2CH, broad- 
ened on altering the redox state of either the fully reduced or 
fully oxidised protein by less than 10%. These resonances 
include those assigned to the bound histidines as well as 
the protons of the haem itself. All the haems seem to be 
affected. Further oxidation and reduction towards the 
intermediate form broadens all the resonances with the 
result that the half-oxidised state gives a relatively poor 
spectrum in which it is hard to find such resonances as 
those of the methene bridge protons or those of the 
histidines. But during oxidation or reduction, well separated 
resonances of each of the three species titrate without 
shifting showing that equilibrium between oxidised and 
reduced species is not fast (on the NMR time scale) for 
otherwise intermediate resonance positions would be seen. 

The broadening of resonances of haem proteins must 
arise however from relatively fast chemical exchange as 
the elecéron relaxation rate of low-spin haem is known to 
be fast. There are two electron exchange rates to con- 
sider: (1) internal exchange between haems of the same 
protein molecule and (2) exchange between different protein 
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molecules. A full study of the reaction rates with tempera- 
ture and concentration will give much knowledge of the 
electron transfer process in proteins but it is clear that 
the. electron exchange is of. intermediate rate rather than 
very fast or very slow. 


Structural features 


The sequence and the NMR data on Desulfovibrio 
vulgaris cytochrome c3 can now be put together. The 
short lengths of sequence between haem-bound histidines 
at residues 46-47 and 33-36. force the planes of the haems 
to be roughly parallel pairs. Each haem is bound to two 
histidines and to two thioether links. At least some of the 
haems must also be close together and stack-d end to end 
as the large cooperative upfield shifts of the methyls of 
the thioether bridges in the fully oxidised state indicates. 
The anticooperativity of ring-current and pseudo-contact 
interactions of the haems provided by the arrangement 
in Fig. 5 also fits observations from the data on the half- 
oxidised and fully-reduced states. The histidine 80 which 
is not haem-bound and is found in a normal position in the 
NMR spectrum is only found in Desulfovibrio vulgaris”. 
The aromatic groups must now be placed reasonably close 
to the haem centres for they do not appear as normal 
aromatic resonances in the NMR spectra of any of the three 
forms we have studied. It is also known that in haem 
proteins it is usual for the two carboxylate residues of 
the haem to be neutralised by basic groups in their vicinity. 
In Fig. 5 we have placed invariant basic residues close 
to the carboxylate groups. McDonald and Phillips*® point 
out that the NMR spectra indicate that the lysines are on 
the outside of the molecule. 

The model agrees with the observation on Chloropseudo- 
monas ethylica that many (26) amino acids from 55 to, 90 
and histidine 47 which binds to the haem in the top 
left hand corner of Fig. 5 are missing. In the three-haem 
cytochromes this haem must be absent. We have built a 
working three-dimensional model of the structure to prove 
that it fills space in a satisfactory way. The distance between 
haems is about 10 A, in agreement with assessments of 
this distance based on one FAREED ETALON of the optical 
spectroscopy®™!, 

Further details of the structure can be unravelled by 
a thorough assignment of the resonances, and a calculation 
of the resonance shifts together with model building. 
Further NMR probes can be introduced as becomes 
necessary. 

The most interesting feature of the protein is that des- 
pite the fact that the haems are close together (about 
10 A apart) and are separated by only a single polypeptide 
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chain (Fig. 5) there is relatively slow electron exchange 
between them. Thus such a protein is not a simple electron 
conductor but is more likely a storage unit, a capacitor, for 
electrons. It cannot be the case that normal amino acid 
'residues can give rise to a path for rapid electron exchange. 
In a model experiment: we have shown that collision 
between low-spin Fe(II) and Fe(III) haems provides fast 
exchange”. Thus the haems in cytochrome c; (as in other 
cytochromes) are not able to come into close contact 
through intermolecular collisions. The possibility remains 
that these proteins are devices for multielectron reactions 
in which electrons are released one at a time but in rapid 
succession. 

C. C. McDonald and W. D. Phillips have measured* 
independently the NMR spectrum of cytochrome c;. Their 
data and deductions are very similar to ours. We wish to 
acknowledges their friendly cooperation. R.J.P.W. is a 
member of the Oxford enzyme group. C.F.G. acknow- 
ledges the receipt of a NATO grant. We thank Dr R. P. 
Ambler for permission to reproduce the sequences given 
in Table 1. 
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PHYSICAL SCIENCES 


Shell flashes in planetary nuclei % 


THE central stars of planetary nebulae may be the ancestors 
of some of the white dwarfs", and the magnetic white dwarfs 
in particular may have originated in this way*®. There seem 
to be no mechanisms in the white dwarfs themselves capable 


ww 


of producing fields of the strengths observed, and the magnetic 
' field must therffore be a fossil remnant of an earlier phase 
of evolution. The hypothesis that a high internal field is ex- 
posed by the „ejection of the nebular shell has an appealing 
simplicity. 

A satisfactory explanation for the postulated high internal 


e fields in the planetary nuclei has not yet been suggested. 


Conservation of magnetic flux from the main sequence phase 
Sf evolution i is adequdte only if the main sequence progenitors 
of the planétaries have average “field intensities B ~ 10° 
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gauss. Such fields do exist in the magnetic A stars, but they 
seem to be too massive to be the ancestors of the planetaries. 

We point out here that a natural mechanism for the pro- 
duction of strong magnetic fields may in fact be present in 
at least some planetary nuclei. A prominent feature of the 
evolution of such stars is the occurrence of one or more thermal 
runaways, ‘flashes’, in an unstable shell source which produces 
nuclear energy*. Near the peak of a flash a transient convection 
zone is invariably developed’, and if the star has even a 
modest amount of differential rotation, the generation of 
magnetic field in a stellar dynamo can occur. This hypothesis 
was suggested to us by the recent paper of Ruderman and 
Sutherland?!2, in which it is argued that the transient convection 
accompanying the explosive burning of carbon in carbon- 
detonation supernovae, will tangle up any initial ‘seed’ mag- 
netic field and perhaps cause amplification to the equipartition 
field strength. 

In order to investigate the plausibility of dynamo field 
generation in the planetaries, it is necessary to have estimates 
of the rate of differential rotation and of the properties of the 
transient convection zones in these stars. We are unaware of 
any determinations of the rotation of planetary nuclei. One 
of the magnetic white dwarfs is, however, known to rotate 
with a period, P, of 1.33 d (ref. 13). If this star has indeed 
evolved from a planetary nucleus, conservation of angular 
momentum implies a period P~10? d for the ancestor of 
the white dwarf. This value seems conservative, and we there- 
fore adopt it for our calculations. 

As even less is known about the differential rotation of 
planetary nuclei, we adopt AP/P~0.1, the value appropriate 
to the sun, where AP is the magnitude of the difference in 
rotation period between the pole and the equator. 

Because the precise details of the evolutionary history of 
the planetaries are uncertain, the exact structure of such stars 
immediately before the expulsion of the nebular shell is un- 
known®. As a result, a considerable variety of models have 
been suggested for these objects. Thus, Rose and Smith’ and 
Paczynski® consider instabilities in the He-shell of double- 
shell-source models; Wood and Faulkner? consider the shell- 
flash in pure helium stars; Joss et al.” investigate models in 
which either He- or C-shell flashes can occur; and Kutter and 
Savedoff! consider shell flashes in pure carbon stars. Un- 
fortunately, except in the latter paper, only very schematic 
information is given about the structure of the convection zones, 
and we therefore rely on rather crude estimates for the con- 
vective velocities. 

The following results are typical of these models. For models 
that exhibit a He~shell flash’~!°: the stellar mass is M~0.8M@; 
the: mass of the helium envelope—which is almost entirely 
convective at the peak of the flash—is ~2x10-°M@® (the 
convection zone may, however, cover a substantial fraction 
(~1/2) of the stellar radius; the density at the He-burning 
shell p is ~2x 105 -g cm~3; the convective velocity v is ~3x 
10° ¢m s~; and the duration of the transient convection is 
~ 10-100 yr. For models that exhibit a C-shell flash?®*!: the 
stellar mass is ~1,1M@; convection covers ~ 1/3 of the stellar 
mass; the density at the C-burning shell p is ~10° g cm~’, 
the convective velocity y is ~ 10° cm s™, and the duration of 
the transient convection is ~2x 10? yr. In either case the 
stellar radii R are ~0.1R@ (as they must before planetary 
nuclei) and the equipartition magnetic field strengths Beg, 
are ~(8x . (1/2) pvt ~107-10® gauss. This is more than 
adequate to account for the magnetic fields of ~10’ gauss 
detected in the magnetic white dwarfs (which have radii of 
about ~10-2R@), provided that the transient convection lasts 
long enough for the dynamo to generate such fields. 

In the conventional picture of a dynamo", an *nitial poloidal 
‘seed’ field of intensity B, is distorted by the differential rota- 
tion to produce a toroidal field component. This is a con- 
tinuing process, with the toroidal field doubling in a time 
t~P*/AP. At the same time a new polgidal field is generated 
by the action of the cyclonic convection, which jfts and twists 
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the toroidal field lines’. Growth of the field is ultimately 
halted when the magnetic intensity approaches the equiparti- 
tion field strength, Beg; not only is the convection then too 
weak to deform the field lines, but also the stronger field 
suppresses the convective motions. 

That this schematic picture is qualitatively correct can 
readily be seen by applying it to the Sun. In the solar convec- 
tion zone, Beg ~4 x 10° gauss, which is the order of magnitude 
of the fields seen in sunspots, where magnetic field lines from 
the interior protrude through the solar photosphere. Further- 
more, the doubling time is t~ 1 yr, and the time required for 
an initial ‘seed’ field of intensity B)~ 1 gauss (the general solar 
field) to reach this limiting intensity is t~t logy 9(Beq/Bo)/ 
log:92~10 yr, which is almost exactly half the sunspot cycle. 

For the planetary nuclei, our previous estimates of the 
differential rotation indicate a doubling time t~3 yr. If the 
initial ‘seed’ field is again taken to be B,~1 gauss (it would be 
~ 10? gauss if flux conservation from the main sequence were 
assumed), the time required for the field to reach its equiparti- 
tion strength of ~10°-10® gauss is t~t logio(Beq/B,/logio 
2~70-80 yr. This is comparable with the duration of the 
transient convection zone, and it therefore seems entirely 
possible that fields of the intensity (~10° gauss) required in 
order to explain the magnetic white dwarfs can be generated 
in at least some planetaries. 

It is tempting to suggest that the production of a magnetic 
field necessarily accompanies the ejection of a planetary nebula 
or even, perhaps, that nebular ejection is caused by the pro- 
duction of strong magnetic fields. This is certainly premature 
at present, although if the latter conjecture were true, all 
planetary nuclei should have strong magnetic fields, and it 
should be possible to verify this by observation. 

If dynamo generation of strong magnetic fields actually 
occurs during shell flashes in planetary nuclei, as we have 
suggested, a prime candidate for the observational test of this 
hypothesis would seem to be the remarkable star FG Sge. 
This star is known to have ejected a planetary nebula ~ 6,000 yr 
ago, and it seems to be undergoing an active shell flash at the 
present (refs 8, 15, and G. E. Langer, et al., unpublished 
information). Most remarkable, however, is the recent dis- 
covery (G. E. Langer, et al., unpublished information) that 
the surface layers are currently being enriched in s-process 
nuclei, which are thought to be produced in the He-shell 
flash. Along with these nuclei strong magnetic fields would 
also be expected to be transported to the surface if our hypo- 
thesis is correct. Measurements of the magnetic field of this 
star thus seem to present a crucial test of this idea. 
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Gravity-induced electric E 
polarisation near the Schwarzschild imit 


IT has long been recognised that besides carrying the fundamen- 
tal unit of charge an electron is also endowed with inertia. Only 
recently has attention been paid to the possibility that pheno- 
mena may exist which depend on the gravitational mass’. Here 
we point out that strong gravitational fields, such as those 
encountered in collapsed stellar objects, may produce observable 
electromagnetic effects arising directly from the gravitational 
mass of electric charges. 

Some sixty years ago Tolman and Stewart? described an 
experiment in which the inertia of electrons is revealed. This 
involved a conductor, such as a circular horizontal wire, which 
oscillates about a vertical through its centre. Because of their 
inertia the free electrons will move relative to the crystal 
structure of the wire and so an oscillating current will be 
generated. To a first approximation, if a is the acceleration of the 


wire at any instant, then as far as the free electrons are con- 


cerned an effective electric field E given by 


E= {| 2 ja (1) 
e 
is present in the reference frame of the wire (m and e are the 
electronic mass and charge, respectively). In principle a method 
for obtaining the specific charge e/m was made available. 
From the point of view of relativity theory, we may regard 
the acceleration of the wire as equivalent to the action of a 
gravitational field (of oscillatory character in the above case), 
in accordance with Einstein’s principle of equivalence. In fact 
whenever a conductor is held in a gravitational field g we may 
expect an effective electric field 


E=—(— jg (2) 
€ 


to be manifested to the free electrons. In this case m is the 
electron’s gravitational mass, indistinguishable from the 
inertial mass in the light of the equivalence principle. 

If this is the effect of gravitation on free electrons (admittedly 
a very small one in the gravitational field of the Earth) then a 
corresponding phenomenon must influence bound charges in a 
dielectric. We may think of this as a gravitational polarisation 


P=,yE=- 7 ee g (3) 


where x is the gravitational susceptibility of the dielectric. If 
indeed P exists then, as in ordinary electric polarisation, an 
equivalent volume distribution of charge — div. P and surface 
distribution P.n would result in accordance with conventional 
analysis. 

For the gravitational field of the Earth such a polarisation 
no doubt produces extremely. small consequences. But in a 
collapsed star lying near to its Schwarzschild limit the local 
value of g may be large enough to produce observable effects, 
especially in conjunction with a rapid rotation of the star’. 
Thus if we apply the usual Schwarzschild metric to a condensed 
object then the local value of the gravitational intensity on the 
surface R = R is given by ü 

g = (GM | Rs*) (1 — [2 GM | (c? Rs)] > (4) 
M being the total mass and G the Newtonian gravitational 
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constant. Here g is the proper acceleration (invariant) of a 
freely falling test particle relative to the fixed surface, and is 
equal to the magnitude of the first curvature vector of the world 
line of an atom fixed under stress at R = Rs. Equivalently 
g is the acceleration (in the opposite direction) of the fixed atom 
relative to a freely falling geodesic frame instantaneously at 
rest at R = Rs. Clearly if Rs = R*, where R* = 2GM/c? (the 
Schwarzschild gravitational radius) g may become extremely 
large, with corresponding intensification of the effects we have 
described on free and bound electric charges. Even in a neutron 
star (the limiting consequence of these effects) there will be 
such charges near the surface. 

We now consider in particular what happens to a ‘standard 
clock’ S located in such intense gravitational fields. If the 
standard clock is an atomic emission line then we cannot expect 
this to be at the standard laboratory frequency in such circum- 
stances. There must necessarily be an effect related to the 
electric Stark phenomenon. For example although the usual 
redshift formula will apply to the emitted radiation as received 
by a remote observer O, it is not sufficiently realised that this 
formula gives only the ratio vs / v, for the frequencies emitted 
and observed in terms of the change in the gravitational field 
between S and O. It tells us nothing about the emitted frequency 
absolutely. The emitted frequency will in fact be standard only 
for an atom in free fall, or when the gravitational field is 
negligible. It is usually assumed in the case of the Sun, for 
example, that these conditions prevail. But clearly the assump- 
tion is invalid when we consider an atom fixed on the surface 
of a highly condensed object. 
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Meteorological features affecting 
large aperture synthesis radio telescopes 


VARIATIONS Of atmospheric radio refractive index can cause 
phase differences between signals received at spaced aerials and 
limit the resolution of large radio telescopes using the aperture 
synthesis technique!. Hinder? found that anomalous phase 
differences recorded at the One-Mile telescope at Cambridge? 
were caused by thermal updraughts and fair weather cumulus; 
the mean size of the irregularities was 700 m. Earlier calcula- 
tions had shown that the gradients of refractive index across 
fronts were likely to be important but it was believed that 
corrections using ground-based measurements of pressure, 
temperature, and humidity could be applied to reduce errors 
from such large scale ( 500 km) weather systems’. 

The first few months of observing with the 5-km telescope at 
the Mullard Radio Astronomy Observatory, University of 
Cambridge, shoWed that there were frequent significant effects 
from intermediate systems, with scales of 10 to 100 km or more. 
An investigation was undertaken to relate these periods of 
anomalous phase changes-——‘events’—to meteorological pheno- 
mena and the results are summarised here. 

Telescope operational periods (excluding those spent observ- 
ing complex emitting regions) event times to within 1 h and 
évent intensities, for part of May, June to September, and 
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Table 1 Event distribution by month and time of day 


Time GMT May* June July August September December May - September 
(a) (b) (a) (b) (a) (b) (a) (b) (a) (b) (a) (b) (a) O O 
00 — 06 M11 242 198 675 128 535 109 607 64 483 35 580 610 2542 24.0 
06 - 12 52 173 45 267 13 347 106.5 455 62 363 30.5 621 278.5 1605 17.3 
12 ~ 18 50 134 42 485 174 548 142 733 83 419 117.5 740 491 2319 21.2 
18 -— 24 20 247 260 873 92 733 164.5 866 85 535 25 699 621.5 3254 19.1 
Total 233 796 545 2300 407 2163 522 2661 294 1800 208 2640 2001 9720 20.6 
(c) 29.3 23.7 18.8 19.6 16.3 7.9 20.6 
Nos of Events 9 18 13 19 10 10 69 
Intensity l 
Max. 0.67 0.89 0.87 0.93 0.58 0.33. 0.93 
Min. 0.32 0.24 0.14 0.19 0.17 0.10 0.14 
Mean. 0.44 0.50 0.47 0.46 0.34 0.23 0.45 
Medan 0.41 0.46 0.44 0.41 0.32 0,24 0.42 


(a) Total duration of events in tenths of an hour. (b) Period of operation of telescope in tenths of an hour. (c) % Of operational time 


occupied by events. 
* May data commenced on May 21. 


December 1972 were considered. The intensity of an event is 
a normalised measure of the rate of increase in phase shift with 
aerial separation with first order geometrical differences 
removed. The observational programme was independent of 
weather conditions. 

Table 1 gives the distribution of events by month and time of 
day. The data for December show that in winter, when the 
absolute water content of the atmosphere is at a minimum, 
events are likely to pose less of a problem, so the analysis was 
confined to the period May to September. 

A classification of vertical variations of temperature, based 
on radiosonde reports for Hemsby (52° 41’ N, O1° 41’ E) and 
Crawley (51° 05’ N, 0° 13’ W), showed no relationship with 
occurrence of events; however, some events appeared to be 
associated with sharp vertical gradients of humidity marking 
the lower boundary of very dry mid-tropospheric layers. Such 
layers are associated with fronts® and may persist long after the 
front becomes inactive; such an association implies a sloping 
interface and hence a much larger horizontal gradient of radio 
refractive index than might be expected with more extensive 
dry layers in anticyclones. 


indeed a 12 h operational period from 1745 amr on 8 September 
marked by continuous, sometimes heavy, rain throughout was 
free of events. Recent investigations into the structure of 
frontal systemms’**® have established the existence of rain bands 
of approximate scale 100 x 30 km, within which are ‘clusters’ 
of order 20 x 30 km marked by higher rainfall rates; these 
could explain the relationship between moderate and heavy 
rainfall and events. The prolonged rain of September 8 and 9, 
mentioned above, did not seem to conform to this model. On 
that occasion rapid and intense cyclonic development occurred 
off South-west England, the resulting depression passing near 
Cambridge. In the early stages of a development of such inten- 
sity, the precipitation structure would not be expected to have 
consisted of organised cluster bands. Events were also noted 
during periods of convective activity. This is not surprising in 
view of the large humidity contrast between the upward rising 
convective columns and the neighbouring drier environment, 
and typical variations® in the depth of the convective boundary 
layer on distance scales of tens of km. 

This investigation was limited by the lack of fine scale 
meteorological data, particularly upper air observations, from 
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Table 2 Precipitation at Cardington during operational periods at Cambridge (May to September only) 


Moderate or Thunder 

heavy rain 
Event 3.9 1.0 18.6 
No event 6.1 2.0 31.9 
% of time 
occupied 39.0 33.3 36.8 
by events 


Showers 


Slight rain Dry Total 
2.2 164.4 200.1 
48.9 683.0 771.9 
20.0 19.4 20.6 





’ All values are given in hours and tenths. 


Considerations of 12-h changes in air mass characteristics at 
Hemsby and Crawley, and pressure variations recorded by the - 
microbarogram at Kew Observatory, were inconclusive; in 
both cases only the few large changes showed any possible 
association with events. No additional relationships were found 
from a study of more detailed vertical soundings in the lowest 
1,200 m, carried out four times daily at Cardington (52° 06’ N 
00° 25’ W). 8 

When hourly weather reports from Cardington were scruti- 
nised, some events were found to coincide wjth the onset or 
cessation of rain. Table 2 gives the total timas in hours and 
tenths when various precipitation types and intensities occurred 
in operational periods with and without events. If slight rain is 
disregarded, the relationship between events and other precipi 
tation types is significant at the 0.1°% level. No event in 
September coincided with precipitation (at Cardingt8n); 


the vicinity of the telescope itself; a detailed synoptic study 
would require surface and upper air observations at the site. 
But it has indicated three systems which may have caused many 
of the phase differences observed: rain ‘clusters’—-usually 
associated with fronts, areas of showery activity and occasional 
very dry mid-tropospheric layers. These systems are all 
associated with humidity or liquid water content variations in 
the vertical and the horizontal, which are not limited to the 
lowest layers of the atmosphere. Therefore the likely frequencies 
of such systems must be taken into account when considering 
sites for new radio telescopes. 

a 
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Neutral oxygen in comets 


MEASUREMENTS of the strength of permitted spectral lines 
from neutral oxygen in comets should provide both a better 
understanding of gas dynamics in comets and an assessment 
of whether the production ratio of oxygen to hydrogen in 
comet atmospheres is close to a half. If this ratio is con- 
firmed, it would provide strong support for the growing 
evidence! that the ‘parent’ molecules which make up the 
solid comet nucleus are dominantly H:O. 

A better understanding of the role of H:O in comets can 
be obtained from the study of both atomic oxygen and 
hydrogen. Most observations of atomic oxygen in comets 
seem to be of the forbidden: lines at 6,300 A and 6,363 A. 
These lines presumably occur only in cases in which an 
oxygen atom was left in the ‘De level at the time of dis- 
sociation, and they are thus 'related to the production rate 
of atomic oxygen rather than to the oxygen density (ref. 2). 
Measurement of permitted oxygen lines which result from 
photoexcitation by solar photons would provide a direct 
probe of neutral oxygen density. 

Photoexcitation of neutral oxygen from the 2p P; 
ground state to the 3s °S,° level gives rise to three resonance- 
fluorescence lines at 1,302 A, 1,305 A and 1,306A. These 
lines have been observed in the upper atmospheres of both 
Venus and Mars** and in Comet Kohoutek®, The fact that 
the same OI lines appear in emission in the solar chromo- 
sphere can considerably enhance the fluorescence. In a 
cometary atmosphere, however, the neutral oxygen may 
not be excited by these lines if the radial velocity of the 
comet with respect to the Sun is large enough to Doppler 
shift the wavelength of the exciting lines. In this case the 
excitation would be expected to be by the solar continuum, 
which is of a much lower intensity than the chromospheric 
OI lines., There is, however, another method of exciting 
OI in a comet. This is possible because of the almost exact 
coincidence of the oxygen lines at 1,025.77 A and the 
Lyman- hydrogen line at 1,025.72 A, which appears in 
emission in the solar chromosphere (see also ref. 6). Lyman- 
has a width of approximately 0.4 A in the Sun, and there- 
fore the radial velocity of the comet with respect to the 
sun will not be enough to prevent the occurrence of 
fluorescence. 

The neutral oxygen atoms in the 3p‘ °P; ground state are 
excited to the 3d °D%,2,: states by Lyman- photons. The 
excited OI atoms can return to the ground state either by 
direct transitions, or through transitions to the 3p P and 
3s °S states, which will give rise to lines at 11,287 A, 8,446.5 
A and the three lines near 1,304 A. There is thus the in- 
teresting possibility of detecting the presence of neutral 
atomic oxygen in comets, from allowed transitions in the 
near infrared spectrum. 
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The concentration of neutral oxygen in the atmosphere 
of a comet will depend on the rate of production, the rate 
of escape from the nuclear region and the rate of removal by 
ionisation. The rate of production of oxygen can be de- 
duced if it is assumed that the hydrogen cloud around a 
comet is the result of photodissociation of water vapour, in 
which case the rate of production of oxygen should be 
half of the rate of production of hydrogen. 

The rate of escape of oxygen from the nuclear region 
is difficult to estimate accurately, because there is evidence 
that collisions in the region near the nucleus may be rather 
frequent’, resulting in an equipartition of energy between 
the component particles. In this case the outflow velocity 
of oxygen atoms into the coma would be a quarter of 
the hydrogen velocity. For oxygen atoms released by photo- 
dissociation of OH at a distance from the nucleus, con- 
servation of momentum imparts a velocity to the oxygen 
atoms of one sixteenth that of hydrogen. 

The ionisation of hydrogen in comets is predominantly 
a result of charge exchange by protons in the solar wind. 
This mechanism is about 10 times more important than 
photoionisation®. The lifetime against photoionisation of 
oxygen by solar photons (found from the cross sections in 
ref. 9) is very close to that for hydrogen. The cross section to 
jonise oxygen by charge exchange with solar wind protons is, 
however, two to three times smaller than the hydrogen cross 
section”, so the total lifetime of neutral oxygen atoms is still 
determined by the lifetime against charge exchange. The 
smaller charge-exchange cross section of oxygen allows most 
of the oxygen atoms from a comet 1: AU from the Sun to re- 
main neutral out to at least 10° km from the nucleus, in 
spite of their lower velocities. At a distance of 10° km 
from the nucleus, the oxygen density is about two to five 
times that of hydrogen, for hydrogen to oxygen velocity 
ratios of 4 and 16 respectively, assuming that the hydrogen 
and oxygen atoms both come from H:O. 

From the published transition probabilities“ for O and H 
the photon flux of the 8,446.5 A OI line from a comet can 
be estimated in terms of the 6,563 A Hz line, because both 
are nearly proportional to the Lyman-f flux from the 
Sun. The calculated photon flux for the 8,446.5 A OT line 
is 0.8 to 2.0 of the He flux, when the oxygen density is 
two and five times the hydrogen density respectively. This 
assumes that the comet is optically thin to the solar Lyman-£ 
photons, but as both the oxygen and hydrogen clouds in 
the comet are expected to be considerably larger than the 
radius at which Lyman- becomes optically thick (about 
10° km) (ref. 12), it seems justifiable to assume a small 
optical depth. ) 

The observation of He in Comet Kohoutek, using a 
‘Fabry-Perot interferometer’, suggests that it might be 
possible to observe the OI line at 8,446.5 A using an instru- 
ment with a high enough resolution to discriminate against 
the continuous background spectrum. Such observations, 
together with more observations of the far ultraviolet spectra 
of hydrogen and oxygen, the OH emission at 3080 A, and 
the forbidden oxygen lines at 6,300 A and 6,363 A, may 
provide sufficient information on the physical and dynamical 
processes occurring in comets to allow a critical evaluation 
of the importance of H:O in the dirty-ice model. 
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PAN over the Atlantic 


and the smell of clean linen 


OZONE, at concentrations in excess of 0.1 parts per million 
(p.p.m.), has been observed in the summertime air over 
southern England!. The most probable sourcé is photo- 
chemical reaction among air pollution products. We 
therefore sought the presence of another characteristic 
product of urban atmospheric photochemistry’, peroxy 
acetyl nitrate (PAN). Preliminary measurements (S. A. Pen- 
kett and F. J. Sandalls, personal communication) show that 
PAN is present in the air over southern England. During 
episodes of increased ozone and other atmospheric pollution 
indicators the concentration increased, but as with ozone 
there was always a background concentration of PAN even 
in clean air arriving from the Atlantic. The voyage of the 
German Research Vessel Meteor from Hamburg to Santo 
Domingo in October 1973 presented an opoprtunity to dis- 
cover whether or not there is a natural background of PAN. 

Analysis was by gas chromatography using an electron 
capture detector. Air samples were collected at the bows 
of the ship by drawing 5 ml of air into a glass syringe; the 
sample was then quickly injected into the gas chromato- 
graph. The apparent concentration of PAN during the 
voyage is shown in Fig. 1. Concentrations of CCF are also 
included because increases in the background level of this 
compound indicate the presence of air from urban industrial 
regions’, The term ‘apparent’ is used because it was dis- 
covered during the voyage that the unexpectedly high con- 
centrations over the Atlantic were not present in the air, 
as such, but had formed by reaction on the glass surface 
of the sampling syringe. No PAN could be detected in air 
collected in polypropylene syringes, but the addition of a 
twist of glass wool to such syringes before the air was 
drawn into them restored the concentration to levels simi- 
lar to those found with glass syringes. One-litre samples of 
fresh air were also drawn through plugs containing 1 g of 
glass or cotton wool, and these were found to be strong 
sources of PAN and of peroxy proprionyl nitrate (PPN). 
In addition the wools possessed the characteristic bleach- 
_ like odour of linen after it has been dried in the open air. 
The PAN potentials of Fig. 1 are approximate and prob- 
ably too low. No corections were made for losses by 
adsorption or for the extent to which the detector was 
not coulometric. 

The potential for formation of PAN was most marked 
on days of unobstructed sunshine (see Fig. 1). October 13 
and 14, when the ship passed through a polluted air mass 
(which was indicated by the high concentrations of CCF) 
= were exceptions. PAN formation was greatest at apprexi- 
mately 1400 h and was between 3 and 10 fimes lower at 
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dawn and in the evening. Simultaneous measurements from 


the ship, of the aerial concentration of atmospheric hydro- 
carbons, indicated levels of betwen 0.1 and 2 parts per 10° 
(p.p.b.) for the lower unsaturated hydrocarbons (R. A. 
Rasmussen, personal communication). The sea was ap- 
parently the most probable source. The concentration of 
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October 1973 


Fig. 1 PAN from the air over the Atlantic. Average daily 

concentrations of ‘apparent?’ PAN x 107% (a) and 

CC1;F x 10-™ (b) by volume. Shaded columns indicate days 
with less than 50% cloud cover. 


the other ingredients necessary to form PAN by photo- 
chemical reaction were not measured. Ozone is ubiquitous 
and can be presumed to have been present in at least its 
background concentration of about 50 p.p.b. 

These preliminary observations suggested that PAN and 
similar compounds can be formed in the clean air of 
remote maritime regions by heterogeneous reaction if a 
suitable surface is provided. They raise some interesting and 
important questions. What are the mid-Atlantic precursors? 
Is PAN formation in urban photochemical smog also 
by heterogeneous reaction? If so what is the surface on 
which it forms? Finally the quantities of PAN observed 
suggest the presence of a high background concentration 
of NO, or of some related molecular species. 

We are grateful to the Deutsche Hydrographische Insti- 
tut and the Captain, Officers and men of the Meteor for 
the opportunity for one of us (J.E.L.) to voyage with the 
ship. We thank Shell Research Ltd. and the Natural 
Environment Research Council for their financial support. 
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Vertical distribution of heat production in 
the Basement of the Eastern Alps 


A LINEAR relationship between heat flow and heat production 
within plutonic bodies has been observed by a number of 
researchers’? and can be written: 

q = q* + DAO) (1) 
where q is the surface heat flow, A(0) is the surface heat pro- 
duction, and g* and D are constants within a given geographic 
province. 

Many heat production-depth models satisfy equation (1), 
but Lachenbruch®? suggests that an exponential model (equa- 
tion (2)) is needed if equation (1) is to be preserved after 
differential erosion of the source layer. 

Thus, the following equation is initially assumed to be valid 
for the area under discussion: 

A (z) = A(0) exp(—z/D) 0 <z < z* (2) 
Data are therefore presented in the form: 

log.A(z) = log,A(0) — z/D 

orz = — Dlog.A(z) + Dlog,.A(0) ERE) 

The distribution of heat production with depth in a granitic 
terrain is discussed here and the results of this direct measure- 
ment approach are compared with those already obtained 
from heat flow data eisewhere. The granitic rocks (the Zentral- 
gneis) from the Pennine Basement of the Tauern Window in 
Austria were chosen because of the excellent exposure and 
because a vertical section of 4 km is available for sampling. 

The Zentralgneis is a Variscan polyphase intrusive series of 
tonalites, granodiorites, and granites, which has undergone 
deformation, and subsequent amphibolite facies metamorphism 
during the Tertiary. A representative sample of the lithologies 
within each unit 1 km thick was obtained whenever possible. 
Particular care was taken to ensure that each unit was repre- 
sented by a similar number of samples. Measurement of the 
amounts of uranium, thorium, and potassium was carried out 
using standard y-ray spectrometry techniques and heat pro- 
duction was calculated from these data using the formula 
published by Birch et al.*. 

The depth of each sample (m) was calculated from a map 
published by Cliff et al. (ref. 4, page 234) on which the contours 
of the projected base of the overlying unit, the Peripheral 
Schieferhiille, are extrapolated over this area. Errors are 
difficult to estimate but are thought to be no greater than 
+250 m over the whole of the sampled area. 

Heat production falls off markedly with increasing depth 
(Fig. 1); but the scatter of data points is such that it is not 
possible to distinguish an exponential model from, for example, 
a linear diminution of heat production with depth. The same 
problem of a high background noise on the fitted curve also 
led Lachenbruch and Bunker® to an identical conclusion in 
the only other attempt to verify the exponential model by 
direct measurement. . 

In both cases, the difference in scale between the thermal 
equilibrium, which enables a heat flow value to be representa- 
tive of large volumes of rock, and the petrological and geo- 
chemical equilibria, which are commonly confined to a sample 
the size of a hand specimen in such terrains appears unbridgable. 
But heat flow values tend to smooth out the small scale chemical 
inhomogeneities and, it is therefore possible that such a geo- 
physical approach will add a new large scale dimension to the 
petrogenetic studies of composite intrusive series. 

The second important result is that, although heat produc- 
tion does fall off with depth as predicted by Lachenbruch’s 
interpretation of the heat flow data, it falls off considerably 
faster in the Zentralgneis than in any other province so far 
investigated. 

Lachenbruch has explained the linear relationship described 
by equation (1) in terms of a steady state one-dimensional 
model, assuming the lateral gradients in heat production to 
be negligible compared with the vertical gradients. Conse- 
quently, the vertical section of 4 km in the Zentralgneis has 
been subdivided into four horizontal units 1 km thick and the 
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log, (heat production x 10:3) 


Depth (kim). 





Fig. 1 Distribution of loge (heat production x10**) with 

depth (km) below the top of the basement complex in the 

Tauern Window. All samples were taken from the metaplutonic 
rocks of the Zentralgneis. 


mean heat production of each unit has been calculated. The 
results are then presented in the form of equation (3), that is, 
a straight line graph of log. (heat production x 10**) against 
depth (Fig. 2). The slope of the best fit straight line gives 
D=35+i1km(@o). - 

Considering the scatter of the original data, the fit of the 
mean values of heat production to the best straight line is 
remarkably good. It is, however, apparent from Fig. 2 that 
the value of D is to some extent controlled by the surprisingly 
low value of mean heat production in the fourth unit. This 
low value is a result of the relative depletion of uranium with 
respect to thorium in the basal unit, which in turn reflects 
the fact that it is only at this structural level that tonalite 
predominates over the other, more fractionated, granitoid 
lithologies. It is, however, difficult to further evaluate this 
low value of mean heat production because the rocks exposed 
in the basal unit crop out in a smaller area than those of the 
other three units; and it is not known how typical the litho- 
logies in the fourth unit are of this structural level in the 
Zentralgneis. 

Nonetheless, despite these geological ambiguities concerning 
the value of mean heat production in the basal kilometre, the 
scatter of the values of log. (mean heat production x 10°) 
about the best straight line (Fig. 2) is within the assigned 
experimental errors. Consequently, the distribution of heat 
production with depth in the Zentralgneis seems to be con- 
sistent with an exponential model (equation (2)) in which 
D = 3.5 + 1 km, and AQ) = 15.7 x 107° calorie cm? s™. 

Other workers have reported results obtained from both 
heat flow’? and direct measurement techniques®, which are 
consistent with D = 9-10 km. Roy et al.®, however, suggested 
that in stable continental areas, D may be approximately 
7.5 km. All these values are significantly greater than the value 
of D reported Here. 

Although the Zentralgneis has been deformed and meta- 
morphosed te amphibolite facies, recent geochemical work 
(C. J. Hawkesworth, unpublished) and the preservation 
of premetamorphic Rb/Sr whole rock ages’, suggests that on 
a large scale a primary igneous distribution of elements is 
being observed. Consequently, the low value of D cannot be 
explained by, late upward concenfration of the radioactive 
elements during metamorphism. 
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Fig. 2 Distribution of the values of loge (mean heat pro- 

duction x 10!) for each of the four horizontal units, with depth 

in kilometres below the top of the basement complex. The 

values of mean heat production were calculated from the 
data in Fig. 1. 


Furthermore, this value of D measured at the surface is 
unlikely to be true for all depths in the present Alpine crust. 
Recent geophysical work®® suggests not only that the base of 
the crust below the Tauern Window is molten but also that 
below a depth of 10 km there is a large granitic body of assumed 
Alpine age. This will almost certainly have redistributed the 
radioactive elements in the lower crust, perhaps with another 
value of D. 

Finally, the results presented here illustrate that the rate of 
decrease of heat production with depth may be more variable 
than was initially anticipated. The value of D presumably 
varies with the regional conditions under which fractionation 
and intrusion of magma took place. At this time, however, it is 
not possible to decide whether an exponential decrease of heat 
production with depth is the direct consequence of fractional 
crystallisation processes, or whether other factors, such as the 
effect of the gravitational field on the distribution of large 
ionic complexes"; also contribute significantly. 

The y-ray spectrometry was carried out at the Mineralogisk- 
Geologisk Museum, Oslo at the invitation of Professor K. S. 
Heier. I thank him and his colleagues, P. Killeen and G. Raade 
in particular, for help and hospitality. I thank my supervisor 
E. R. Oxburgh, and also K. O’Nions, S. W. Richardson, 
M. J. Bickle, P. England and D. Waters for discussions through- 
out the project. 
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Iron and manganese 
encrustations in Recent sediments 


Cores taken from the north-eastern Mediterranean (Fig. 
1) during cruise 4/72 of the RRV Shackleton, using a 
Lehigh 4-inch hydroplastic gravity corer, contain layered 
organic structures encrusted with either manganese or iron 
minerals (Table 1, Fig. 2). 

To our knowledge these encrustations have not previously 
been reported from seafloor sediments. The bulk of the 
manganese deposits, found in layers in the top 5-25 cm 
of the cores, occur on tubes, which we consider to be the 
ageglutinating benthonic foraminiferan Rhabdammina (Fig. 
3a and b). The deposit is also found on small branching 
rods (Fig. 3d) which are believed to be of organic origin 
but have not yet been identified. Smaller deposits are 
occasionally found on the shells of some of the pteropods 
and planktonic foraminifera (Fig. 3c); large tubes (Fig. 3e) 
are thought to be the encrusted linings of burrows. The 
iron deposits, present in layers beneath the manganese 
deposits, occur as encrustations on what seem to be 
mineralogically altered Rhabdammina tubes and, rarely, on 
planktonic foraminifera; no iron equivalent of the branch- 
ing rods or large tubes has been found. When a core is 


e 1963554 





Fig. 1 Location of cores, C. C1, BM1973,0,1; C2, BM1973, 
0,2; C3, BM1973,0,3; C17, BM1973,0,17. 1963,544 is a 
British Museum valve lead sample. 


sectioned the manganese deposits appear as black streaks, 
and the iron-encrusted tubes can be seen as ochre coloured 
layers. Both types of encrustation were separated from the 
sediment by washing carefully with hydrogen peroxide (10 
vol.), *which disaggregates the clay minerals. The man- 
ganese, encrustation was removed from the smaller tubes 
with a solution of | M hydroxylamine hydrochloride. This 
exposed a tube similar to the encrusted Rhabdammina 
found in the top 0-5 cm of the cores. The iron encrusta- 
tion was removed with 1 M hydrochloric acid, leaving a 
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Fig. 2 Sedimentology of the cores. a, Orange-yellow ooze; 

b, layer of black manganese-encrusted tubes in light brown 

ooze; c, layer of brown iron-encrusted tubes in light brown 

ooze; d, grey ooze; e, light green layer in green-grey ooze 

(containing no benthonic foraminifera, and possibly repre- 

senting a sapropel). Cooler water planktonic foraminifera 
occur below this level. f, position of hiatus. 


siliceous tube similar to that produced when unencrusted 
Rhabdammina were similarly treated. 

Examination by X-ray diffraction of the material rich in 
manganese showed that it was composed mainly of todoro- 
kite, a mineral commonly present in managanese nodules’. 
This analysis was confirmed by X-ray powder photography. 
The structural spacings which we have measured differ 
slightly from those previously reported", possibly because 
of the greater amount of magnesium in the structure. The 
nature of the material rich in iron is not known, but it is 
amorphous to X rays and is probably a hydroxide. 

The faunal content of the cores indicates that they are 
post glacial. The planktonic foraminiferal population indi- 
cates a warm temperature and is dominated by Globi- 
gerinoides ruber (d’Orbigny), which makes up 60-90% of 
the samples larger than 250 um. It is associated with many 
gastropods and pteropods, which indicate postglacial 
sediments in this region**. In core C17 below 100 cm, and 
in core C3 below 45 cm, the occurrence of the foramini- 
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Fie. 3 Manganese encrustations: a, Smooth surfaced 
Rhabdammina tubes (typically 0.2-1.2 mm in diameter, and 
greater than 3 mm long); b, Rhabdammina tubes ‘with 
globular protuberances (typically 0.25-0.5 mm diameter, and 
more than 4 mm long); c, planktonic foraminfferan 
Globigerinoides ruber (d'Orbigny), d, branching rods (typic- 
ally 0.075 mm diameter, length variable); e, large tube, 
probably a (?worm) burrow lining (typically 1 mm in 
diameter and 3 mm long). 
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feral species Globorotalia inflata (d'Orbigny) and Globi- 
gerina pachyderma (Ehrenberg) provide evidence of cooler 
conditions, The sediments in core C3 seem to have been 
disturbed. The distinction between the layers of manganese- 
rich and iron-rich tubes is less apparent in this core, and 
the grey ooze section is missing (Fig. 2). A light green layer 
is present in green-grey ooze at 95 cm in core C17 and is 
also seen at 27 cm in core C3; this suggests that there is 
a hiatus somewhere between 20 and 30 cm in core C3, 
although no physical break is visible in the longitudinally 
sectioned core. The sedimentation rate in core C17, assum- 
ing that a date of 10,000 yr BP (ref. 5) represents the com- 
mencement of the postglacial period, is at least 13 cm per 
1,000 yr. This implies that the manganese-rich horizons 
have an age range of about 770 to 2,000 yr bp. 


Table 1 Chemical analyses of Rhabdammina tubes 


Unencrusted Manganese-rich Iron-rich 
encrustations encrustations 
Core No. C2 C3 C3* Cl C2 
Depth (cm) 0-4 15-16 15-16 12.5-14.5 20-21 
Acid-soluble 

fraction weight (%) 

Mn 0.1 35.3 26.9 32.5 0.3 
Fe 4.2 1.3 1.4 0.7 30.6 
Ca 9.0 4,9 5.9 4.2 3.6 
Mg 0.6 3.6 3.2 3.3 1.3 
Insoluble SiO, 67.8 14.5 19.7 <14.9 1.3 


*Globular protuberances. 


The Rhabdammina tubes and other attendant organic 
debris seem to produce preferential surfaces for the depo- 
sition of manganese and iron, as the encrustations only 
occur in the Rhabdammina layers. The presence of the 
manganese-rich layers above the iron-rich layers may be 
related to the migratory processes believed to be responsible 
for the formation of manganese nodules‘*’*. 
We thank Miss E. Fejer for confirming the identification 
of todorokite by X-ray powder photography, the Captain 
and Officers of the Natural Environment Research Council 
RRV Shackleton, and Drs R. Chester and G. Evans, chief 
scientists for the cruise. 
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Photolysisof CO-NH, mixtures 
and the Martian atmosphere 


One of the puzzling aspects of the Martian atmosphere is the 
absence of nitrogen or compounds containing nitrogen!. 
Instead, the atmosphere is found to be CO, along with smaller 
amounts of CÔ and H,O. (ref. 1). One suggestion is that nitrogen 
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atoms gain sufficient energy to escape the gravitational 
field when N, undergoes photodissociation with ultraviolet 
light?. Alternatively, nitrogen may be conserved in compounds 
in the Martian crust®. 

We have already noted that although neither CO, nor H,O 
affected the rate of NH, photolysis, CO acclerated the photo- 
decomposition of ammonia, with the formation of a solid 
product*, We have investigated the photolysis of NH, in the 
presence of CO in greater detail not only because of the potential 
significance to atmospheric photochemistry on Mars but also 
because of the possibility of photocatalytic reactions of NH; 
and CO on the Martian surface’ and in the interstellar 
medium®, These photochemical reactions may also have 
occurred on the primitive Earth’. 

Ammonium cyanate has been identified as the major product 
of the photolysis of gaseous NH,—CO mixtures at wavelengths 
of 206.2 and 184.9 nm. This compound was probably not 
detected by previous workers because it sublimes readily at 
room temperature and atmospheric pressure (see refs 8-10). 
Urea and biurea were isolated in yields that were approximately 
10% of the yield of ammonium cyanate and formamide, and the 
yields of semicarbazide, cyanide and biuret were about 10% 
of the yield of urea and biurea. 

Water-soluble 14C-organic compounds are formed on 
siliceous substrata which are irradiated in the presence of 
4CO, NH; and either N , or 12CO, diluent gas. For example, 
119 nmol of “C-organics were produced when 0.5 g of vycor 
glass particles containing 0.28 mmol of adsorbed NH, were 
irradiated for 12 d in the presence of 250 mmol of CO, using an 
ultraviolet source which had spectral quality and intensity of 
the sunlight which reaches Mars. This synthesis occurs using 
an ultraviolet source with a wavelength of approximately 
210 nm or greater than 250 nm. Little reaction was observed 
with dark irradiated samples or when the light source contained 
only wavelengths longer than 280 nm. Silica gel and volcanic 
ash shale were also used as substrata for the synthesis. Higher 
yields were obtained when the irradiations were carried out at 
—110° C. Substrata which were predried at 700° C or 400° C 
in yacuo were more effective than those which were predried 
at 150° C even though more NH, was absorbed by the latter. 
One factor responsible for these changes may be the level of 
water adsorbed on the substrata. Addition of water vapour to 
the gas mixture inhibits, but does not completely prevent, the 
formation of organic compounds. 

Thin layer chromatography (TLC) and autoradiography 
provided tentative identification of 4C—urea and showed it to 
be a major product. The identification was substantiated by 
eluting the suspected 4C—urea spot from the TLC plates, and 
demonstrating that it was digested by urease. 14C-urea was also 
detected on substrata which had been predried at 150° C, but 
TLC and hydrolysis indicated that formamide was the major 
product. “C~formaldehyde has been tentatively identified as 
a minor product on substrata which had been predried at 
700° C or 400° C by the dimedon derivative procedure (ref. 11, 
and J. P. Ferris et al. not yet published). Using hot water 
- extraction to remove the products from the substrata would 
have destroyed any ammonium cyanate. 

In the experiments which used light with a wavelength of 
more than 250 nm the reactions were obviously catalysed by 
wavelengths longer than those absorbed by the gaseous reac- 
tants. The absorption coefficient for NH, is less than 10™* cm~! 
at 240 nm™ whereas the longest wavelength at which CO 
shows any ultraviolet absorption is 206 nm (ref. 12). Thus the 
reactions are initiated by excitation and/or photolysis of the 
gas(es) which are adsorbed on the surface, by the longer ultra- 
violet wavelengths. A 

The findings discussed here indicate an additional possible 
mechanism of nitrogen conservation. If NH, is outgassed from 


the Martian crust it would be photolysed and would react with, 


CO, yielding cyanic acid. The cyanic acid could well precipitate 
as ammonium cyanate which in turn Would be converted*t® 
urea. 
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Surface reactions involving CO and NH, would also be 
compatible with conditions existing on Mars. The dust storms 
known to occur on Mars would expose large amounts of the 
surface to sunlight. Such dust storms could also effectively 
bury the particles, thus protecting the organic products from 
photodestruction. 

If NH, has been outgassed during the recent history of Mars, 
it seems highly probable that the molecular analysis experiment 
on the 1976 Viking mission!® will detect nitrogenous com- 
pounds, such as urea, in the Martian soil. If the Viking mission 
obtains evidence suggesting that life exists on Mars, a test for 
urease! may be useful in characterising metabolic processes in 
later Mars landings. 

Both NH, and CO occur in interstellar space. CO is the 
most abundant compound detected in the Sagittarius and Orion 
nebulae®. Cyanic acid and formamide have also been identified 
in these nebulae’ and it is therefore possible that these com- 
pounds were produced photochemically from CO and NH.. 
The adsorption of these molecules on the surfaces of particles 
would increase the probability of reaction even though their 
concentrations in interstellar space are extremely low. Further- 
more, the reactions could make use of the more abundant 
ultraviolet light at wavelengths of up to 250nm. Our observation 
of an increased synthetic rate at low temperatures are also 
compatible with interstellar conditions. Recent experiments 
have suggested that the irradiation of silica gel in the presence 
of CO yields a silica ester of formic acid which may undergo 
further photochemical reactions with NH, to produce urea and 
formamide. It has also been demonstrated that ultraviolet 
light with long wavelengths (> 250:nm) causes the formation of 
COH and COz radicals from CO and silica gel®. The 
surface radicals produced were unusually stable at low tem- 
peratures. Thus the formation of formate ester and/or radicals 
on interstellar grains could provide stable conditions for 
subsequent reactions with NH}. 

There is some disagreement concerning the composition of 
the atmosphere of the early Earth. A highly reduced CH,, NH; 
and HO atmosphere is preferred by some whereas others 
believe that a more oxidised CO,, N, and H,O atmosphere 
(with some more highly reduced compounds) is more likely’. 
In our view any ammonia in the primitive atmosphere would 
have been rapidly photolysed to N, and H. In the presence of 
CO formed by outgassing or by the photolysis of CO,, the 
NH, could, however, have been efficiently converted to cyanate. 
Some of this cyanate. would be hydrolysed back to CO, and 
NH, and some would be thermally converted to urea**. Some 
of it, however, may also have effected the formation of pyrimi- 
dines?’ and high energy phosphate bonds?®. If these reactions 
were significant they probably occurred early in the history of 
the Earth. The rapid rate of the photolysis of ammonia limits 
the time period in which it would have been present in significant 
amounts on the early Earth*. The surface-dependent syntheses 
described here would be of questionable importance on the 
primitive Earth because of their susceptibility to inhibition by 
water. The reaction yielding formate, formaldehyde and other 
products“! seems more likely to have occurred on the terres- 
trial surface if CO was indeed present. 
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Crystalline (xanthotoxin),.KI, 


STUDIES of the crystal structure of many organic and in- 
organic tri-iodides have shown that they are salts’, What 
happens when a tri-iodide salt forms a complex with a 
neutral, but polar, organic molecule? Examples, which are 
formed by related organic molecules, are (coumarin). KI; 
(ref. 2) and (xanthotoxin):KIs (ref. 3). (Xanthotoxin is 8- 
methoxy-3’,2’: 6,7-furocoumarin). The crystals of the first 
of these substances show one-dimensional disorder’ and its 
structure is not known; we have now determined the crystal 
Structure of (xanthotoxin)KIs, which is fully ordered, and 
find that there are potassium cations, tri-iodide anions and 
neutral xanthotoxin molecules in the crystal. The structure 





is thus similar to those of other neutral molecule—salt 
complexes, such as (succinimide)..tetraethylammonium 
bromide’. Presumably (5,5-diethylbarbituric acid).KI; has a 
similar structure but only a very brief report has appeared’. 

Strongly dichroic reddish-brown rhombs, somewhat elon- 
gated along [001] and showing (100) and (010) faces, were 
grown from ethanol. The following crystallographic results 
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were obtained: triclinic, a = 9.59(1) A; b = 11.09(1) A; 
c = 7.96(1) A; a = 118.1(1)°; B = 86.7(1)°; y = 114.5(1)°; 
Space group Pi (according to the structure analysis); Dm = 
2.11 g em’, De = 2.11 g cm™ for 1 formula unit per cell. 

Intensities of about 1,900 reflections were measured using 
a Stoe semi-automatic Weissenberg diffractometer (Mo Ka, 
graphite monochromator). Appropriate corrections were 
made for geometrical and absorption factors. The structure 
was solved by Patterson and Fourier methods and refined 
by least squares, using anisotropic temperature factors for 
all non-hydrogen atoms. The present R factor is 8.2%. 

The crystal structure (Fig. 1)’ can be conveniently described 
in terms of extended two-dimensional slices, one xantho- 
toxin molecule thick, which are bound by (220) and (220) 
planes (Fig. 2). The bonding between these slices is by dis- 
persion forces and is appreciably weaker than that within 
the slices, which results from ionic and dipolar interactions. 
Each slice is composed of stacks of xanthotoxin molecules, 
interleaved by columns of alternating cations and anions. 
The axes of both stacks and columns extend in the [001] 
direction. Within the xanthotoxin stacks the successive mole- 
cules are antiparallel, with an interplanar distance of 
3.44 A. In crystalline xanthotoxin® the stacks contain parallel 
molecules, with an interplanar distance of 3.58 A. The 
shortening in the present compound is presumably because 
of dipole-dipole interaction between antiparallel molecules, 
in addition to the normal dispersion forces. There is also an 
appreciable cation—anion interaction in the [001] direction; 
each K* ion lies at the centre of a parallelogram formed by 
central and outer iodine atoms of tri-iodide ions above and 
below it along [001]. The distance of K* to the outer iodine 
is 3.53 A, equal to the shortest K+---I- distance in crystalline 
potassium iodide’, and to the central iodine 3.98 A (the dis- 
tance to the second outer iodine is 6.04 A). The main inter- 
action between stacks and columns is an _ ion-dipole 
interaction between K* ions and the methoxy and lactonic 
oxygens of the xanthotoxin molecules, with K*~-O distances 
of 2.75 and 2.88 A respectively. These distances are similar 
to the K*--O distances of 2.76 and 2.80A found in potassium 
hydrogen bis (homophthalate)”. On the other hand the 
C--I distances between iodines of the I; ion and the non- 
polar part of the xanthotoxin molecule, lie in the range 
4.10-4.24 A, showing that these are normal C—H-~I contacts. 

The dimensions of the xanthotoxin molecule are similar to 
those found in crystalline xanthotoxin’, but the carbon atom 
of the methoxyl group is less rotated out of the mean plane 


Fig. 1 An ORTEP’ stereoview of the unit cell. 
The origin of the unit cell is at the centre of 
the parallelepiped. The stacks of xanthotoxin 
molecules run along the eight edges of the 
parallelepiped; a pair of xanthotoxin molecules 
in each of these stacks has been omitted to 
avoid complicating the diagram: The K+ and I3— 
ions are both centred at centres of symmetry 
and the pairs of xanthotoxin molecules shown 
are related by centres of symmetry. Hydrogen 
atoms have been omitted. 


of the furccoymarin moiety than in crystalline xanthotoxin 
(deviations from the mean plane are 0.27 and 0.94 A res- 
pectively). The tri-iodide ion is centrosymmetric, with 
d(i-l =2.939(2) A, a value similar to those found in other 
Structures containing noninteracting I; ions’. 

* Thus (xanthotoxin):-K Is is a neutral molecule—salt com- 
plex, with the individual structural elements clearly discernible 
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_Fig. 2 The crystal structure seen in projection down [001]. 
An infinite two-dimensional slice, bounded by (220) and (220) 


planes and extending normal to the page, is shown. The 
shorter interatomic distances mentioned’ in the text have 
been included in the figure. Hydrogen atoms have been 
omitted. The slices on the edges of the figure each contain 
only a single layer of structural units so as not to complicate 
the diagram. Large open circles, iodine atoms; small open 
circles, carbon atoms; solid circles, potassium atoms: 
l hatched circles, oxygen atoms. 


the crystal. The mutual arrangement of these is such as to 
provide both local neutralisation of charge, the importance 
of which has been emphasised by Powell and Wait’, and an 
antiferroelectric interaction in the stacks of dipolar xantho- 
toxin molecules. 
l M. KAPON 
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New vapour deposition technique | 
THERE are various techniques of vapour deposition for putting 
down, thin films, or thicker coatings and deposits of one 
material on another!:?, which are of interest to a growing 
number of industries. The techniques range from chemical 
vapour deposition at relatively high gas pressure and tempera- 
ture to physical vapour deposition based on thermal evapora- 
tion in a high vacuum for deposition on to hot or cold sub- 
strates. In recent years interest has grown in several intermediate 
techniques in soft vacuum (107? to 1 torr) which may be 
physical and/or chemical in nature®*. Gas discharges are 
sometimes used to influence both the physical and chemical 
aspects of the process—to generate vapour by sputtering, to 
cause chemical reactions among vapour species, or to encourage 
bonding to the substrate. Here I outline the basic features 
of a new ‘intermediate’ technique which depends simply on 
evaporation into.a heated gas. The aim is to cause the vapour 
species to diffuse to the substrate while avoiding conditions 
favouring homogeneous nucleation in the gas phase. Chemical 
reactions may ór may not occur depending on the choice of 
gas and gas discharges can be employed for substrate cleaning, 
or other purposes if required. 

Homogeneous nucleation within an ambient gas occurs 
readily at high concentrations of a vapour species and indeed 
has long been exploited for the manufacture of powders? (such 
as carbon black and pigments)... It can readily occur in soft 
vacuum? and particularly fine powders can be made this way’. 
But its occurrence under vapour deposition conditions is 
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Fig. 1 Schematic diagram of apparatus. 


usually undesirable since a poorly bonded granular deposit 
results. There have been several attempts to construct accurate 
theoretical models for homogeneous nucleation®*, though as 
yet no. entirely satisfactory experimental verifications have 
been made. At least one investigator! thinks that the theore- 
tical problem is beyond precise solution at present. But 
inspection of the theory reveals that the rate of formation of 
stable clusters should increase with vapour concentration, 
but decrease as the ambient temperature increases owing to 
an increase in the critical size for stable nucleii. Lydtin™ 
showed, how to raise the soot limit and consequent growth 
rate of pyrolytically deposited graphite by mechanical means 
for reducing the vapour concentration. 

The vapour concentration C at any specified coordinates in 
a given geometry of source and sinks is, from the diffusion 
equation, proportional to the source strength § and inversely 
proportional to the diffusion coefficient D (which in turn is 
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proportional to the product of the average molecular speed c 
and the mean free path A). Thus 


Ca §/Da S/(ch) a S/T?" 


because of the dependence on temperature (T) of c and i. 
Raising the gas temperature will reduce the vapour concentra- 
tion and increase the size of stable nuclei. So it should be 
possible to find a range of operating conditions of gas tempera- 
ture, pressure and rate of evaporation which avoids homo- 
geneous nucleation and precipitates material in molecular 
form onto the substrates (light gases ure favoured by virtue 
of a larger mean free path). 

An experimental investigation of a technique based on these 
principles was made with apparatus the essential features of 
which are illustrated in Fig. I. The heated enclosure was 
mounted within a soft vacuum chamber (10°* to 1 torr). 
Electron beams generated by a glow discharge gun)? were 
conveniently used for heating purposes. Dense deposits of 
ceramics (silica, alumina, magnesia, spinel, silicon nitride, 
titanium carbide and carbon), metals (aluminium, titanium, 
chromium and molybdenum) and a semiconductor (silicon) 
have been put down on a variety of substrates including 
glasses, ceramics, metals and, again, silicon. Several gases 
were investigated including hydrogen, helium, nitrogen, oxygen 
and argon and rates of deposition were typically in the range 
10-2 to I mm h!. At enclosure temperatures T, in the range 
300° C to 600° C homogeneous nucleation was insignificant at 
gas pressures of 400/d mtorr, where d(cm) is the dimension of 
the enclosure (and therefore equivalent to several tens of 
mean free paths in a heavy gas such as argon). No investigation 
of the range of appropriate gas pressures has yet been made, 
except in the case of hydrogen, for which satisfactory deposits 
were still obtained at 4000/d mtorr and this is probably not an 
upper limit. 

The structures of the deposits obtained were essentially 
similar to those well-known in chemical vapour deposition?. 
Depending on the substrate temperature Ta and the properties 
of the source material, structures from amorphous through 
polycrystalline to single crystal were obtained. The bond to 
the substrate was dependent on chemistry and could some- 
times be influenced by the chemical nature of the gas. The 
texture of deposits was dependent on the smoothness and 
cleanliness of the substrate surface. Stresses of well known 
character were found in the deposits, though in a general way 
the higher the substrate temperature 7, the lower the grown-in 
tensile stress. 

The advantages of the technique are several. Only roughing 
pumps are needed, at least for small-scale operations. The 
transport by diffusion results tn good ‘throwing power’!*, The 
heating of the enclosure degasses the contents and thereafter 
purity is maintained by the flowing gas which, because of a 
relatively long and narrow exit orifice, prevents back diffusion 
of contaminants from outside. On the other hand the gas 
readily permits an electron beam (of 15-30 keV) to enter 
though any suitable method for vapourising the source, in- 
cluding sputtering, can be used. Since many of the parameters 
can be adjusted independently a high degree of process control 
is possible. The technique is readily adaptable to the deposition 
of alloys, complex compounds and multilayers and is com- 
patible with other beam techniques for processing materials 
(such as welding, machining and ion implantation). In a general 
way it offers a versatile and reproducible method for fabricating 
special materials. 

I thank Mr S. D. Ford for assistance and both he and 
Mr J. A. Desport for testing the conclusions in some practical 
applications. 
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dsDNA made by RNase-sensitive DNA 


polymerase from RSV-transformed cells 

THE hypothesis that the RNA-directed DNA polymerase 
(reverse transcriptase) may function in normal cells! 
as part of the machinery for gene amplification is being 
investigated’-*. Cytoplasmic fractions of normal"?! neo- 
plastic?!" and virus-transformed cells*, contain RNase- 
sensitive DNA polymerase activities. Most studies revealed 
that cellular DNA polymerases differed greatly from the 
oncorna virus RNA-directed DNA polymerase’? but the 
nature of the endogenous template of the cellular DNA 
polymerases was not described. In view of these findings 
and reports on the participation of RNA in DNA synthesis 
by DNA polymerases in bacteria”, and mammalian™-° 
cell systems, we investigated the nature of the template and 
the role of RNA in the synthesis of DNA by the cyto- 
plasmic RNase-sensitive DNA polymerase activity found in 
rat cells transformed by the B77 strain of Rous sarcoma 
virus (R(B77) cells). We found that such preparations con- 
tained DNA molecules which served as the template for 
the RNase-sensitive DNA polymerase activity. We also 
found that RNA has a function in the synthesis of DNA 
since nascent DNA molecules, covalently linked to RNA, 
were synthesised at the very beginning of the reaction. 

R(B77) cells, a cell line of rat embryo fibroblasts trans- 
formed in vitro by the B77 strain of Rous sarcoma virus 
(RSV), were used’. The cells were maintained in culture 
by weekly transfers. The cells were seeded at a concentration 
of 5x 10° cells per plastic Petri dish (diameter 90 mm; Nunc, 
Denmark) in 10 ml Eagle’s medium containing 1 or 2 „Ci 
mi’ of 5H-uridine (13.8 Ci mmol; Nuclear Research 
Center, Negev, Israel) or 0.1—0.2 aCi ml’ of 2-C-uridine 
(62 mCi mmol; Radiochemical Centre, Amersham, 
England). The cultures were labelled for 24 h, unless other- 
wise stated. To label cellular DNA, the medium of R(B77) 
cells was replaced with fresh Eagle’s medium containing 
1 aCi mi-' of methyl’H-thymidine (8.2 mCi mmol": 
Nuclear Research Center, Negev). BUdR was incorporated 
into cellular DNA by adding 30 ug mi of BUdR (Sigma) 
to the medium of R(B77) cells. The cells were labelled with 
3H-deoxycytidine (1 „Ci mmol™'; specific activity, 19.4 Ci 
mmol-! Radiochemical Centre) and were collected after 48 h. 

High speed pellets (HSP) of cells were prepared as des- 
cribed by Coffin and Temin’. The standard assay for the 
avian sarcoma RNA-dependent DNA polymerase was 
according to Temin and Mizutani”, as described previously 
for purified B77 virions*”. The DNA polymerase activity 
in HSP was studied under the same conditions as for the 
avian sarcoma virus enzyme. 

High speed pellet (HSP) preparations from R(B77) cells 
contained a DNA polymerase activity which was markedly 
inhibited by, RNase treatment before and after initiation 
of DNA synthesis (Table 1). This indicates that the synthe- 
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sis of DNA by the HSP DNA polymerase activity is RNA 
dependent. To rule out the possibility that HSP prepara- 
tions contain RNase and DNase activities, *H-uridine and 
*H-thymidine labelled HSP preparations were incubated 
with or without exogenous nuclease. It was found that the 
labelled nucleic acids were not degraded after incubation 
for 60 min at 37° C (not shown). 


Table! Effect of RNase on DNA synthesis by HSP DNA polymerase 


activity 
Treatment of enzymatic Time 
reaction with RNase* (min) 
5 15 30 


3H-TMP incorporated 
(c.p.m. per 25 ul) 


Untreated 1,310 2,050 2,215 
Pretreated for 10 min 160 175 215 
Treated at 0 time 390 500 660 
Treated at 5 min 1,320 1,420 1,590 


* The HSP preparation was divided in four portions:one was 
left untreated, the second was preincubated with RNase A (50 
ug ml“) at 37° C, to the third RNase was added immediately before 
the initiation of the reaction, and to the fourth, RNase was added 
5 min after initiation of DNA synthesis in vitro. The standard assay 
of Temin and Mizutani** was used. Duplicate samples were removed 
and the TCA-precipitable radioactivity was determined, 

The polymerase activity was also characterised by study- 
ing the effect of addition of synthetic polynucleotides 
(Table 2), which can help to distinguish between cellular 
DNA polymerase and the RNA-directed DNA polymerase 
of oncorna viruses”, Addition of poly(rA)-oligo(dT) to HSP 
preparations only slightly stimulated incorporation of 
3H-TMP into DNA whereas it markedly stimulated the RNA- 
directed DNA polymerase of RSV and poly(dA)-poly(dT) 
stimulated 9"H-TMP incorporation by both enzymatic acti- 
vities to the same level. In this respect, the HSP RNase- 
sensitive DNA polymerase resembles other DNA 
polymerases present in eukaryotic cells”. 

Analysis by zonal centrifugation of the DNA molecules 
synthesised in vitro by the HSP RNase-sensitive DNA 
polymerase showed that the product banded in the sucrose 
gradient (15-65% (w/v) for 3 h at 45,000 r.p.m. using rotor 
SW50.1 of the Beckman ultracentrifuge) with a sedimenta- 
tion coefficient of about 10S. Analysis on a sucrose gradient 
of the HSP DNA synthesised in vivo showed DNA mole- 
cules sedimenting to the bottom of the sucrose gradient 
and two bands of labelled DNA, of which the major peak 
had a sedimentation constant of about 10S (not shown). 

The DNA synthesised by, HSP DNA polymerase activity 
during 1 min and 20 min incubation was analysed by chroma- 
tography on hydroxylapatite columns (Fig. la). The DNA 
synthesised in vitro was eluted from the hydroxylapatite 
columns by 0.25 M phosphate. Labelled DNA prepared 
from R(B77) cells had the same elution profile as the DNA 
synthesised in vitro. Cellular DNA was eluted before the 
C-labelled HSV DNA (0.27 M phosphate) at the position 
of nuclear DNA. This demonstrated that the DNA mole- 
cules synthesised in vitro are double-stranded and resemble 
nuclear DNA in their elution properties. There was no 
difference between the DNA molecules synthesised during 
a short (1 min) or a long (20 min) period. 

To study the effect of actinomycin D on DNA synthesis 
by the HSP DNA polymerase, actinomycin D (250 ug ml~’) 
was added to the standard reaction mixture which was then 
incubated for 20 min at 37° C. After extraction the DNA 
product was compared with DNA synthesised by HSP in 
the absence of inhibitor. Actinomycin D jnhibited DNA 
synthesis by 80% compared with the untgeated control. 
The DNA product synthesised by the HSP treated 
with actinomycin D was analysed by chromatography 
on a hydroxylapatite column. It was found (Fig. 1b} 
that this DNA was eluted by 0.25 M phosphate, similarly 
to the cellular double-stranded DNA (dsDNA) molecuiés. 
The HSP DNA polymerase activity differs from Rous 
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sarcoma virus reverse transcriptase, in respect of the effect 
of actinomycin D (Fig. 1c). In the presence of actinomycin 
D, the viral enzymatic activity synthesises single-stranded 
DNA (ssDNA) molecules which are eluted from hydroxy- 
lapatite by 0.1 M phosphate. 

High speed pellets were prepared from R(B77) cells, 
labelled or unlabelled for 48 h with *H-deoxycytidine and 
incubated in the presence or absence of BUdR. The DNA 
was extracted with phenol and banded in CsCl gradients 
(Fig. 2a). Untreated DNA banded at a density of 1.70 
g ml~* whereas the BUdR-containing DNA banded at the 
density of 1.74 g cm? (Fig. 2d). Samples from two un- 
labelled HSP preparations (prepared from cells grown in 
the absence or presence of BUdR) were incubated in vitro 
for 60 s under conditions of DNA synthesis with the four 
deoxyribonucleoside triphosphates (including *H-TTP). The 
DNA was extracted and banded in CsCl gradients. The 
DNA synthesised in vitro in the HSP from untreated cells 
banded at a density of 1.70 g cm™ (Fig. 2b), the density of 
cellular DNA. The radioactive DNA synthesised in vitro 
in the presence of BUdR-containing DNA (HSP from 
BUdR-treated cells) partly banded at the density of the 
BUdR-labelled DNA and part was shifted to a smaller 
density (Fig. 2e). Longer incubation of the BUdR-contain- 
ing DNA from HSP (5 min) resulted in a further shift to a 
lower density (Fig. 2f), similar to untreated DNA (Fig. 2c). 
These results demonstrate: that the DNA polymerase acti- 
vily present in the HSP utilised the DNA molecules present 
in the HSP as the template. The complete inhibition of this 
reaction by RNase suggests the involvement of RNA as a 
primer or an intermediate during DNA synthesis by the 
HSP DNA polymerase. 

High speed pellet preparations were incubated under 
conditions of DNA synthesis and the processes were stopped 
at 1 min and 5 min after the initiation of the enzymatic 
reaction. The 9H-TMP labelled DNA synthesised in vitro 
was extracted with phenol, precipitated by ethanol, resus- 
pended in Tris-EDTA buffer, and divided into three: one 
portion was left as native DNA, the second was heat 
denatured, and the third was denatured by alkali, and each 
sample was banded in a Cs.SQ, gradient. Most of the native 
DNA product banded at the density of dsDNA (1.42 g cm~’) 
but some radioactive DNA appeared at higher densities 
(1.58-1.69 g cm") which are those of DNA molecules 
complexed or associated with RNA. The amount of DNA 
in this.region, slightly increased after heat denaturation, 
but the radioactivity disappeared after treatment with 
alkali. Similar results were found with the DNA synthe- 
sised during a reaction period of 5 min. We then investi- 
gated the nature of the DNA molecules synthesised during 
the shorter reaction times, 7, 15, and 30 s (Fig. 3). Analysis 
of the 7-s DNA product (Fig 3a) revealed DNA molecules 
banding throughout the gradient, mostly at the densities of 
dsDNA (1.42 g cm7’) and RNA (1.69 g cm’). The DNA 
molecules which initially banded at the density of RNA 
(1.69 g cm~’), most probably DNA:RNA hybrid molecules, 
were not detected in Cs»SO, after heat denaturation or 
alkali treatment ( (Fig. 3b and c). Analysis of the DNA 
molecules synthesised during 15 or 30 s revealed that the 
total amount of native heavy DNA (which banded at 1.69 
g cm’) was greatly decreased (Fig. 3d and g). After heat 
denaturation, however, the amount of radioactive DNA 
which appeared in the Cs»SO, gradient between the DNA 
and RNA, most probably DNA-RNA complexes (1.58-1.69 
g cm‘) also increased (Fig. 3e). The same findings were 
obtained with the DNA product of a 30-s reaction (Fig. 3g 
and 34). These reaction products disappeared on treatment 
with alkali after which the labelled molecules accumulated 
in the position of ssDNA (Fig. 3f and 7). In all nine experi- 
ments carried out there was a significant increase of radio- 
activity in the region of RNA-DNA complexes after heat . 
denaturation which disappeared after alkali treatment. This 
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indicates that part of the newly synthesised DNA molecules 
may be linked to RNA molecules. After a short incubation 
(7 s) the DNA molecules may have been synthesised on 
RNA molecules, which serve as templates or initiators. 
The labelled native DNA molecules, band at the density 
of dsDNA (1.42 g cm7’) although some of it might still be 
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Fig. 1 Hydroxylapatite chromatography of DNA mole- 
cules synthesised by HSP DNA polymerase and Rous 
sarcoma virus reverse transcriptase in the absence and 
presence of actinomycin D. a, HSP was incubated with the 
standard reaction mixture and samples were removed at 1 
and 20 min, treated with 1% SDS, the DNA was extracted 
with phenol and characterised by chromatography on hy- 
droxylapatite columns (Bio-gel HTP; Bio-Rad Laboratory, 
Richmond, California), eluted with a linear gradient ranging 
from 0.05 M to 0.35 M of sodium phosphate (total volume 
100 ml) and collected in about 40 fractions. TCA precipitable 
radioactivity in each fraction was collected on filters and 
counted in a liquid scintillation counter. Purified herpes 
simplex virus (HSV) DNA, labelled with “C-thymidine as 
well as BSC, DNA and HeLa DNA were used as markers. 
The results of three columns are combined in the graph. 
O, DNA molecules synthesised by a HSP preparation during 
1 min; ®, DNA molecules synthesised by a HSP preparation 
during 20 min; +, “C-HSV DNA marker. The position of 
cell DNA is indicated by the arrow. b, An HSP preparation 
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covalently bonded to RNA and can be detected after heat 
denaturation. 

The presence of an RNase-sensitive DNA polymerase 
activity in normal and transformed cells, which differ from 
the oncorna virus RNA-directed DNA polymerase, has 
recently been reported**’*!** Our study confirms the 
presence of an RNase-sensitive DNA polymerase activity 
in R(B77) cells. The novel finding of this study is the 
demonstration that the HSP of R(B77) cells contains 10S 
DNA molecules of cellular origin which act as the template 
for this enzymatic activity and that RNA molecules also 
participate in the synthesis of DNA. 





Table 2 Effect of poly(A)-oligo(dT) and poly(dA):poly(dT) on 

DNA synthesis by the RNase-sensitive DNA polymerase activity 

from transformed R(B77) cells and the B77 Sarcoma virus reverse 
transcriptase activity 


7H-TMP incorporated 


(c.p.m.)* 

Pretreatmentt Polymer R(B77) Viralt 
of HSP added enzyme enzyme 
Exp. 1 Buffer None 1,887 1,871 

RNase None 365 ND§ 

Buffer Poly(A)-oligo(dT) 2,310 126,540 
Exp. 2 Buffer None 1,145 5,551 

Buffer Poly(dA):poly(dT) 2,193 10,245 





* The standard assay for oncorna virus RNA-dependent DNA 
polymerase and HSP DNA polymerase activity was according to 
Temin and Mizutani?®. To each reaction mixture, 0.01 A z260 nm 
units of poly(dA)-poly(dT) or poly(A)-oligo(dT)} (Collaborative 
Research, Waltham, Massachusetts) were added. 

7 The enzyme preparations were incubated for 15 min at 37° C 
with RNase (50 pg m!~4) or buffer before the addition of the standard 
reaction mixture. ł B77 virus treated with NP-40. § Not done. 


The DNA polymerase activity present in HSP resembles 
the oncorna virus-associated reverse transcriptase in its 
sensitivity to RNase and in its ionic requirements**, Never- 
theless, marked differences were found between the two 
enzyme activities in agreement with the findings of Bobrow 
et al? and Kang and Temin’, We demonstrated that (a) the 
HSP enzyme was only slightly stimulated by poly(rA)-oligo 
(dT) which stimulates the viral enzyme, whereas poly(dA): 
poly(dT) had the same stimulatory effect on both HSP and 
the viral enzymes; (b) the main product of the HSP RNase- 
sensitive DNA polymerase is dsDNA even after a very short 
reaction; (c) although actinomycin D inhibits both enzymes, 
only with the viral enzyme is there an accumulation of 
ssDNA molecules (Fig. 2); and (d) the endogenous tem- 
plate for the cellular RNase-sensitive DNA polymerase is 
DNA (Fig. 3), whereas for the viral enzyme, it is RNA. 
These results show that the HSP DNA polymerase activity 
is an RNA-dependent DNA polymerase, which utilises the 
cellular dsDNA molecules present in HSP as template. 

What is the function of RNA during the synthesis of 
DNA? Analysis in Cs»SO, density gradients of the DNA 


was incubated with actinomycin D (250 pg ml-’) and the 
3H-TMP labeYed DNA was phenol extracted and chromato- 
graphed on a hydroxylapatite column. “C-HSV DNA and 
cellular dsDNA served as markers. @, *H-DNA synthesised 
by HSP enzymatic activity in presence of actinomycin D; 
+, §C-HSV DNA marker. Cell DNA eluted identically to 
HSP DNA. c, Viral reverse transcriptase activity. Purified 
B77 virions were disrupted with Nonidet P-40 and incubated 
in vitro under conditions of DNA synthesis by the viral 
reverse transcriptase, actinomycin D (250 yg mi~’) was 
s &dded and the 7H-DWA molecules synthesised during 20 min 
were extracted by phenol and analysed by chromatography 
on a hydroxylapatite column 270 (@), 
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products resulting from very short reactions revealed radio- 
active DNA banding at the density of RNA (1.69 g cm~’) 
as well as labelled DNA molecules which banded as 
dsDNA. Radioactive DNA also banded‘ at densities 
ranging from that of RNA to DNA (1.69-1.58 g cm~’) sug- 
gesting that the DNA molecules are attached to RNA 
molecules. The amount of label which appeared in these 
regions, increased after heat denaturation and shifted to 
the density of ssDNA after alkali treatment, proving that 
they are DNA molecules linked covalently to RNA chains 
(Fig. 3) which initially banded together with the dsDNA 
molecules. It is possible that the RNA-DNA complexes 
described here resemble the RNA-DNA pieces described 
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Fig. 2 HSP DNA as template for the endogenous RNase- 
sensitive DNA polymerase. Twelve Roux bottles containing 
R(B77) cells were incubated for 48 h in the presence or 
absence of BUdR (5-bromo-2’-deoxyuridine). One Roux 
bottle from each group was labelled with 1 pCi mi-~* of 
3H-deoxycytidine. After incubation, HSP was prepared. Un- 
labelled BudR-treated and control HSP preparations were 
incubated for 1 min and 5 min with the reaction mixture, 
and the reactions were stopped by addition of SDS to final 
concentrations of 2%, 0.5% Baycovin, and 50 yg of yeast 
DNA. The nucleic acids from all preparations were ex- 
tracted according to the Hirt method, modified by Kang 
and Temin. The alcohol precipitates and marker C- 
thymidine labelled DNA from, BSC, cells were added to 8 
ml of a CsCl solution and the mixtures centrifuged for 60 h 
at 35,000 r.p.m. in the Beckman 50 Ti rotor at 22° C. The 
gradients were collected and the radioactive TCA precipi- 
tates counted. Densities were determined by weighing 100 
ug samples (@). a, R(B77) cells were labelled with 3H-deoxy- 
cytidine for 24 h after which the DNA was extracted (@). 
“%C-thymidine labelled R(B77) nuclear DNA was used as 
a marker (©). The DNA preparations were mixed and 
analysed by centrifugation in a CsCl gradient. b and c, 
HSP preparations were prepared and incubated in vitro 
under conditions of DNA synthesis in the presence of 
3H-TMP. The 3H-DNA was extracted with phenol after 1 
min (b) and 5 min (c) reaction periods. The 93H-TMP labelled 
DNA (@) was mixed with “C-thymidine fabelled BSC, 
dsDNA (©) and centrifuged in CsCl gradients. d, R(B77) 
cells were incubated with BUdR and *H-deoxycytidine for 
24 h. The DNA was extracted (@) and mixed With “C-thy- 
midine labelled DNA (©) and centrifuged in a CsCl gradient. 
e and f, HSP preparations were prepared from R(B77) cells 
incubated for 24 h with BUdR. The HSP was incubated for 
1 min (e) and 5 min (f under conditions of DNA synthesis 
in the presence of 9H-TTP. The DNA, was extracted with, e 
phenol (@) mixed with #4C-DNA (O) and cegtrifuged in 
gradients, 
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Fig. 3 Charcterisation of the DNA molecules synthesised 
by HSP DNA polymerase activity. HSP was incubated at 
38° C for 7, 15, and 30 s with the standard reaction mixture. 
The reaction was stopped by adding SDS, and the DNA 
products were purified as described in the legend for Fig. 2. 
The DNA samples were resuspended in Tris-EDTA buffer 
and each DNA preparation was divided into three: one 
was left untreated (a, d, and g), one sample of each was 
boiled for 10 min and chilled immediately (b, e, and A), 
and the third sample was treated with 0.25 M NaOH for 
10 min and then neutralised by HCl in ice (c, f, and i). All 
nine DNA preparations were mixed with Cs.SO, to a final 
volume of 6 mi and centrifuged at 45,000 r.p.m. for 64 h 
at 22° C in the 50 Ti rotor of the Beckman centrifuge. The 
gradients were fractionated dropwise, the densities deter- 
mined by weighing 100 al of the indicated samples, and the 
TCA radioactive precipitates were counted. @, Radioactive 
DNA; O, density. 


by Sugino, Hirose, and Okazaki. The participation of 
RNA in DNA synthesis has also been suggested for mam- 
malian cells* and for polyoma virus”. The presence of 
labelled DNA molecules after 7 s of DNA synthesis which 
band at a density of RNA (1.69 g cm`°) (Fig. 3a) and dis- 
appear after heat denaturation (Fig. 3b) may indicate DNA 
synthesis on an RNA template, an activity ascribed to 
oncorna virus reverse transcriptase’“®. It is possible that low 
levels of reverse transcriptase activity may be detected only 
after a very short reaction period, whereas the major DNA 
polymerase activity in HSP of R(B77) cells is a DNA poly- 
merase activity which requires RNA for its function, most 
probably as an initiator and not as a template. The role of 
this enzyme and its DNA template in the R(B77) trans- 
formed cell is still to be studied. 
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RNA-dependent RNA synthesis in rat brain 


RIBONUCLEIC acid-dependent RNA polymerase (replicase) 
was first isolated from Escherichia coli infected with RNA 
bacteriophage Q 8 which has specific template requirements’. 
Such an enzyme has been described in tumour cells and several 
types of mammalian cells infected with RNA viruses?", 

It has been reported that in the normal mammalian cell 
polyribonucleotides are synthesised by a nontranscriptive 
process and enzymes which polymerise ATP to poly(A) have 
been found®-§. Ribonucleoprotein particles isolated from rat 
liver nuclei polymerise ATP,, UTP, GTP and CTP to. the 
corresponding ribohomopolymers®. These reactions have 
been suggested to be post-transcriptional additions to hetero- 
geneous nuclear RNA. The microsome fraction of rat liver 
also incorporates the four ribonucleotides into polyribonucleo- 
tides a reaction which is stimulated by RNA but not DNA”. 
We report here the isolation of an enzyme fraction from rat 
brain which can synthesise RNA??, both as a heterqpolymer 
ora homopolymer, only when provided with a suitable RNA 
template or primer. 

The enzyme fraction was isolated from rat brain es legend 
to Table 2) and its RNA polymerase activity was measured 
by the radioactivity incorporated into acid-insoluble product 
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from #H-UTP after incubation in various modifications of 
the standard assay medium (see legend to Tables 1 and 4). 
The reaction product satisfied the standard tests for RNA 
(Table 2). The reaction clearly depended on the presence of 
RNA, the amount of incorporation increasing linearly to a 
maximum as the concentration was increased (Fig. 1). Mag- 
nesium ions were also necessary, the optimum concentration 
of MgCl, being 12 mM. Only the four ribonucleoside tri- 
phosphates (NTPs) and not the corresponding deoxyribonu- 
cleoside triphosphates (dNTPs) could act as substrates. With 
enzyme from adult rats the omission of any one NTP from 
the medium markedly reduced incorporation (Table la) in- 
dicating that when they were all present the product was 
mainly heteropolymeric RNA. By contrast, the fraction from 
newborn rat readily synthesised RNA when provided with 
only a single NTP substrate (Table 15): presumably this was 


Table 1 Characterisation of the reaction in the presence of four 
ribonucleoside triphosphates 


a Assay mixture (jig) 3H-U MP incorporated 


(pmol) 
Experiment 1 Complete 11.0 
+ DNase 10 9.3 
+ Actinomycin D 2 8i. 
+RNase (+RNA) 10 1.7 
(—RNA) 10 0.5 
+(NH 50, (0.32 M) 3.4 
+(NH S50, (0.41 M) 1.1 
—RNA 2.1 
Experiment 2 Complete 8.3 
—ATP 3.8 
—GTP 4.4 
—CTP 5.5 
—MegCl, 0.5 
—RNA 2.0 
b 3H-NMP incorporated 
(pmol) 
Experiment 1 Complete @H-UTP) 23.9 
+ DNase 10 22.1 
+ Actinomycin D 2 23.6 


+RNase (+RNA) 10 
—RNA) 10 
+(NH 4)2SO, (0.41M) 
—RNA 
Experiment 2 Complete @H-UTP) 
—3NTP 
—RNA 


Complete @H-ATP) 
TP 


NW 


—RNA 
Complete @H-GTP) ` 
TP 


— 


-RNA 


m 
ASS aN noA 
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Where indicated 10 ug of DNase, 10 ug of RNase or 2 ug of actino- 
mycin D was added, and one of the four ribonucleoside triphosphates 
was omitted. 3 NTP indicates the three ribonucleoside triphosphates 
other-than the tritiated one. a, Enzyme and RNA were from adult 
brain; b, enzyme and RNA were from newborn brain (1-d-old). 
The standard reaction mixture had a total volume of 0.25 ml and 
contained 22 umol Tris-HC1 (pH 7.4), 3.0 umol MgCl., 4.5 nmol 
2-mercaptoethanol, 0.2 pmol each of ATP, CTP, GTP and °H-UTP 
(4 x 10° c.p.m. per 0.2 pmol): when assaying adult brain there was 
80 ug enzyme protein and 10 ug template RNA; for newborn brain 
the quantities were 34 ug and 15 pg respectively. The reaction mixture 
was incubated at 37° C for 10 min for adult enzyme and 20 minutes 
for newborn enzyme, unless otherwise indicated. The reaction was 
stopped by addition of pyrophosphate and trichloroacetic acid. 
Precipitates were collected on membrane filters, washed eight times 
with cold 5% ¢richloracetic acid, and dried according to standard 
procedures}. Ia some experiments the reaction was stopped by blowing 
aliquots of the assay mixture on filter paper treated with pyrophos- 
phate which was then washed for 2 h in 5% cold trichloroacecti 
acid according to the method of Bollum*®. The radioactivities of the 
dried membrane filters or filter papers were determined in 10 ml of 
„toluene scintillator containing 0.5% (w/v) of 2,5-diphenyloxazole 
“With a Beckman LS 100 liquid-scintillation spectrometer. The radio- 
activity for zéro time was subtracted Trom each value. 
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3H-UMP incorporated (pmol) 


0 4 8 12 
RNA (ug) 


Fig. 1 Dependence of incorporation on concentration of 

template RNA. The composition of the incubation mixture was 

the same as described in Table 1 except for the RNA concentra- 

tion, which varied. RNA and enzyme were from adult rat brain. 
Incubation was for 10 min. 


nearly all homopolymer. When this homopolymer synthesis 
was investigated it was found, as reported for many other 
similar systems, that uptake of °H-UTP was inhibited by the 
presence of CTP or GTP (Table 4). It is therefore probable 
that with enzyme from newborn rats presented with all four 
NTPs nearly all the product was heteropolymer and a fortiori 
for the adult. It was clear that heteropolymer synthesis could 
be studied more easily using the adult enzyme fraction and 
homopolymer synthesis using the newborn and we did this, 
further improving the differentiation by using different con- 
centrations of MgCl, in the reaction mixtures. 

When the added RNA was omitted from the standard assay 
medium the incorporation fell to about one quarter. Most of 
this residual activity could be abolished by the addition of 
RNase which indicates that this also was mainly RNA-depen- 
dent RNA synthesis. The reaction was little affected by the 
addition of 10 ug of DNase and was inhibited by ammonium 
sulphate at concentrations which augment DNA-dependent 
RNA synthesis? (Table) 1. Two micrograms of actino- 
mycin D had no effect. The effectiveness of various nucleic 
acids as templates was examined by substituting them for the 
rat brain RNA in the medium (Table 3). Only RNA was 
effective: DNA from calf thymus produced very little result. 
RNAs from Q8, MS2 or GA phages, representatives of 
different groups of viral RNA, were ineffective and so were 
tRNA and rRNA from £. coli and TMV RNA. Of the homo- 
polymers, poly(A), poly(G), poly(C) and poly(U) only poly(U) 
had any effect: either the synthesis was occurring by replication 
or by addition of UMP only to UMP terminals. Rat liver RNA 
was quite effective but markedly less so than the rat brain 
RNA. The degree of template specificity, that is, the range of 
effectiveness of the templates, was similar to that of the RNA- 
dependent RNA polymerases isolated from leukaemia and 
ascites tumour cells by Haruna ef al.®. In the case of RNA 
replicase (RNA-dependent RNA polymerase) isolated from 
E. coli infected by QB phage, a basis for recognition of an 
RNA by an RNA replicase has been postulated by Kamen 
et al.® and Nishihara eż al.. Analysis of the brain RNA by 
sucrose gradient centrifugation gave the normal pattern for 
total cell RNA. Under these heteropolymer-promoting con- 
ditions the RNA polymerase in the enzyme fraction isolated 
from newborn rats had properties qualitatively similar to those 
for the adult but its activity was about three times higher (see 
Table 1 and Figs 1 and 2; it should be noted that the con- 
centrations of enzyme and RNA differed from those used for the 
adult). °3H-UTP was incorporated by the adult enzyme at an 
almost constant rate for the first 10 min of incubation with thee 
template RNA (Fig. 2). Duting the next 10 min ôf incubation 
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the rate declined. In the absence of added RNA the incorpora- 
ted radioactivity reached a steady level after ~ 5 min incuba- 
tion. With enzyme from newborn rat the activity increased 
linearly with time up to 30 min (Fig. 2). The maximum activity 





Table 2 Effects of nuclease and alkaline treatment on the product of 
the adult enzyme reaction. 





Treatment 3H-UMP incorporated 
pmol 
None 9,1 
Alkaline hydrolysis 0.3 
(0.3 N KOH; 37°C 18h) 
RNase 10 ug per 0.25 ml 1.0 
DNase 10 ug per 0.25 ml 7.9 





Reaction mixtures were as in the legend to Table 1. For the alkaline 
treatment, after 10 min incubation, sodium dodecyl sulphate and 
KOH were added to give final concentrations of 0.4% (w/v) and 
0.3 N and the mixture was incubated at 37° C for a further 18 h. 
Ten micrograms of RNase or 10 pg of DNase was added to the 
incubation mixture after 10 min and incubation continued for a 
further 10 min. The reaction was terminated by addition of pyro- 
phosphate, 50 ug of carrier albumin and trichloracetic acid. In the 
case of KOH addition, sodium dodecyl sulphate was added 
to avoid the degradation of product RNA by RNase 
contaminant in the enzyme fraction. Adult and I-d-old rat 
brains were used to prepare enzyme fraction. Isolated brains con- 
taining cerebrum and cerebellum were frozen and thawed once. The 
brains were minced and suspended in medium (0.1 M Tris-HCl 
(pH 7.4), 0.01 M MgCl, and 0.5 mM 2-mercaptoethanol) containing 
5 pg DNase Im“. The mixture, after homogenisation for 40 s, was 
stirred at 4° C for 30 min. The homogenate was centrifuged at 12,000¢ 
for 30 min and EDTA added to the supernatant to a final concentra- 
tion of 10 mM. This solution was then centrifuged for 30 min at 
12,000g. An equal volume of saturated ammonium sulphate (pH 7.4) 
was added to the supernatant and incubated at 0° C for 10 min and 
the 50% saturated ammonium sulphate-precipitable fraction was 
collected by centrifugation at 9,000g for 10 min and dissolved in 
medium (0.4 M ammonium sulphate, 9 mM Tris-HCI (pH 7.4), 4.5 mM 
MgCl, and 0.45 mM 2-mercaptoethanol). 0.2 volume of glycerol was 
added to the medium. This was the enzyme fraction. Its protein con- 
centration was 16-28 mg ml" and it was stored at —80° C. 


increased with increasing concentrations of enzyme. An ex- 
planation for the differences in time courses is that the adult 
enzyme fraction was contaminated by RNase or some 
inhibitor. 

When presented with a single NTP the enzyme fraction from 
newborn rats synthesised considerable amounts of homo- 
polymer, UTP and ATP being taken up to higher concentrations 
than GTP (Table 14). Tests made to investigate heteropolymer 
synthesis by adult enzyme were repeated (Table 4) and showed 
that poly(U) synthesis was also independent of DNA and the 
presence of rat brain RNA as a primer was sufficient. It differed 
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Fig. 2 *Time course of RNA synthesis. The reaction mixture 

and conditions were the same as described in the legend to 

Table 1. Enzyme and RNA from newborn rat brain: O, +RNA; 

©, — RNA. Enzyme and RNA ace rat brain: 4, +RNA; 
A, —RNA. 
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Fig. 3 Dependence of incorporation on concentration of 

enzyme protein (homopolymer synthesis). Conditions of assay 

were those described in the legend to Table 4 except for 5 ug. 

of RNA of either adult or newborn brain and 10 minutes 

incubation. O, Newborn enzyme with newborn RNA; @ new- 

born enzyme with adult RNA; 4, adult enzyme with newborn 
RNA; A, adult enzyme with adult RNA. 


from newborn enzyme in that the optimum MgCl, concentration 
was lower, about 4 to 6 mM. The formation of poly(U) may 
occur either by addition to poly(U) sequences in the template 
or by terminal addition to an RNA primer. Poly(U) was 
much more effective as a primer than poly(A) or poly(C), 
and poly(G) actually inhibited the residual synthesis occurring 
in the absence of added primer (Table 4). This means that if 


Table 3 Effect of various nucleic acids offered as template for RNA 
synthesis by adult enzyme 


Template (ug per 0.25 ml) 3H-UMP incorporated 


(pmol) 
Experiment 1 Brain RNA 10 8.9 
poly(A) 5 1.4 
10 2.1 
Poly(VU) 5 7.8 
10 71 
Poly({G) 5 2.0 
i 10 2.4 
Poly(C) 5 2.3 
10 3.6 
—RNA 2.1 
Experiment 2 Brain RNA 6 10.1 
Liver RNA 6 6.4 
QB phage RNA 6 3.1 
GA phage RNA 6 2.4 
MS2 phage RNA 6 I7 
TMY RNA 6 0.6 
E. coli tRNA 6 24 
rRNA 6 2.3 
Calf thymus DNA te. 2.8 
—RNA 1.8 


Conditions of assay were those described in the legend to Table 1 
except that various nucleic acids were used as templates. QB phage 
“RNA, MS2 phage RNA and GA phage RNA were prepared in our 
laboratory by the procedure described by Haruna and Spiegeiman!. 
TMV RNA, tobacco mosaic virus RNA was kindly supplied by 
Dr Y. Okada (Tokyo University). RNA was isolated from brains 
(cerebrums and cerebellums) of adults and 1-d-old Wistar rats. 
Fresh brain was cut up with scissors and stirred for 30 min at 4° C 
in a solution containing 0.1 M Tris-HC! (pH 7.4) 10 mM MgCl,, 
0.5 mM 2-mercaptoethanol, 5 pg ml DNase and 0.4% (w/v) sodium 
dodecyl sulphate and incubated at 20° C for 8 min. An equal volume 
of phenol saturated with cold water was added and shaken vigorously 
for 15 min at 4° C. After centrifugation at 12,000g for 15 min, the 
upper aqueous phase was mixed again with an equal volume of 
water-saturated phenol. Phenol treatment was performed four times 
and the ether flushed out with nitrogen gas, two volumes of cold 
(—20° C) ethanol was added and stood overnight at —20° C. The 
mixture was centrifuged at 9,000g for 10 min, the pellet wag, dissolved 
in 5 mM MgCl,, 0.01 M Tris-HCl (pH 7.4). After ethanol precipita- 
tion at —20° C, the pellet was again dissolved in 0.01 M Tris-HC1 
(pH 7.4). The supernatant, after centrifugation at 12,000g for 20 min 
was used as the template and was stored at —20° C, 
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Table 4 Characterisation of the reaction of 7H-UMP incorporation 
by newborn enzyme with UTP as substrate 


Assay mixture 3H-UMP incorporated 


(ug per 0.25 ml) pmol) 

Experiment 1 Control 7.9 
i +DNase 10 9.4 

+ Actinomycin D 2 9.1 

-+-RNase (+RNA) 10 0.9 

(—RNA) 10 0.5 

—MgCl, 1.5 

—RNA ` 2.0 

Experiment 2 Control 7.2 
+ATP ` 0.2* 7.6 

+GTP 0.2* 4.0 

+CTP 0.2* 4.1 

Experiment 3 Control ~RNA 2.5 
+RNA 10 6.6 

20 9,5 

+Poly(A) 10 3.4 

20 3.6 

-+ Poly(U) 10 5.5 

20 5.6 

-+ Poly(G) 10 0.6 

20 0.7 

+Poly(C) 10 3.2 

20 3.2 

Experiment 4 Control 8.3 
—~RNA+C.T. DNA 10 1.6 

—RNA 20 

Experiment 5 Control (13 mM (NH,).SQ,) i 
+0.05 M (NH,).SO, 4.5 

+0.13 M 1.6 

+0.41 M 1.4 

—RNA 1,3 





The reaction mixture had a total volume of 0.25 ml and contained 
22 pmol of Tris-HCl (pH 7.4), 1.5 pmol of MgCl,, 4.5 nmol of 
2-mercaptoethanol, 10 nmol of SH-UTP (2 x 10®c.p.m. per 10 nmol) 
and 34 pg of newborn brain enzyme and l0ug newborn brain RNA. 
Incubation was for 20 min. 

* 0.2 umol of ATP, GTP or CTP were added to the mixture to 
test the effect of ribonucleoside triphosphate. Homopolymers were 
added instead of RNA. 


there was terminal addition it had strict primer requirements. 
When primed by the same primer RNA the activity of the 
newborn enzyme was several times higher than that of the 
adult (Fig. 3). 

It is not known whether the enzyme fraction contains only 
one enzyme mediating both types of synthesis or whether 
there are two or more specialised enzymes. We hope that this 
point will be clarified by purification of the enzyme fraction. 
Physiological roles for two enzyme systems are still obscure. 
It has been reported that homopolyribonucleotide synthesis in 
embryonic chick retina is involved in selective gene expression”, 
and so we assume that our findings that the enzyme activity 
which is particularly engaged in homopolymeric RNA syn- 
thesis in brain tissue is higher in preparations from newborn 
than adult rats may have physiological significance. 

As it is well known that brain RNA changes according to 
functional activities!', we suggest that the enzyme reaction may 
participate in brain function, although we have no direct 


‘evidence of physiological function of this enzyme in the brain 


at present. We are now investigating whether this reaction 
exists in other tissues. 
We thank Dr T. Ohno and Y. H. Itoh for help and Dr J. A. 
Coles for help in preparing the manuscript. 
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No interaction between ultraviolet and X 
irradiation on chromosome aberrations in 
cells with trisomy 21 


WE have previously shown! that ultraviolet irradiation of 
normal human lymphocytes immediately before or after X 
irradiation gives an approximately two-fold increase of the 
frequency of dicentric chromosomes as compared with the 
yield induced by X rays alone. Ultraviolet light itself induces 
very few dicentrics. One interpretation of this synergistic 
reaction might be that lesions induced by X rays are 
transformed into chromosome breaks by the ultraviolet 
treatment. 

Here we report that no synergistic effect between ultra- 
violet light and X rays was observed after combined irradi- 
ation of blood lymphocytes of individuals with Down’s 
syndrome (trisomy 21). The finding that the chromosome 
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constitution influences: the interaction between ultraviolet 
and X irradiation is of special interest as it has previously 
been shown that cells with trisomy 21 have a higher sensiti- 
vity for chromosome breakage than normal cells after single 
irradiation with “Co or X rays*". 

Unstimulated lymphocytes resting in the Gy stage were 
treated with ultraviolet and X rays in three separate experi- 
ments. Peripheral blood from three 47, XY, +21 patients 
and two 46, XX healthy donors was used immediately after 
venipuncture. The leukocytes were separated as buffy coats, 
after which the cells were suspended in a phosphate buffer 
and irradiated in plastic Petri dishes. The irradiations were 
made at room temperature and the time interval between 
the ultraviolet (2537A, 6.1 erg mm~? s~') and X-ray (260 
kV, 11 mA, HVL 2 mm Cu, 50 rad min`’) exposure in the 
combined irradiation was less than 30 s. Conventional 
lymphocyte cultures were prepared and PHA added. The 
cultures were incubated at 37°C for 50 h (experiments A 
and B) and 52 h (experiment C), with colchicine added for 
the last 2 h. Thus, the sampling of cells was made in the 
first mitotic division, where the aberration yield should not 
be affected to any appreciable extent by a mitotic delay‘. 
After hypotonic treatment and fixation, air dried prepara- 
tions were made and strained in: Giemsa. The slides were 
screened for consecutive, well-spread metaphases at 
10X10 magnification, and the cells were then analysed for 
dicentric chromosomes (with accompanying fragments) at 
high-power magnification. 

The present results of the induced yields of dicentric 
chromosomes are given in Table 1. Normal cells exhibit a 
synergistic effect between ultraviolet light and X rays in 
agreement with previous data’. The 47, +21 cells did not 
show any significant increase in the dicentric chromosome 
yield after pre- or post-treatment with ultraviolet as comp- 
ared with that observed after X-ray exposure alone. The 
ratio between the number of dicentric chromosomes ob- 
served in the combined irradiation to that observed after 
X irradiation alone is plotted in Fig. 1 for normal cells (in- 
cluding data from ref. 1) and for cells with trisomy 21. 
The mean values (with standard deviations) of this ratio were 


0.23 0.18 

2.07 +—— and 1.15 +-— for normal and trisomy 21 cells, 
0.19 0.14 

respectively. 


In the present experiment the X-ray induced dicentric 
yield is about 50% higher in cells with trisomy 21 as 
compared with normal cells. The statistical errors are 
relatively large, however, and a large significant difference 





Table 1 Observed number of dicentrics after single and combined irradiations with ultraviolet (UV) light and X rays. 


Experiment Subject chromosome’ Treatment No.ofcells No.of  Dicentrics 
constitution analysed dicentrics per cell 
A = 1:47,XY,+ 21 X-rays, 100 rad 100 16 0.16 + 0.04 
, 65 erg mm“? + 
+ X rays, 100 rad 100 20 0.20 + 0.05 
B Ht: 47, XY, +21 UV, 75 erg mm 100 2 0.02 
X rays, 125 rad 150 . 40 0.27 + 0.05 
UV, 75 erg mm“? , 
“4 x rays, 125 rad 150 53 0.35 + 0.06 
X rays, 125 rad 
+ UV, 75 erg mm? 150 45 0.30 + 0.05 
HI: 46, XX X rays, 125 rad 150 27 0.18 + 0.04 
i UV, 75 erg mm-? 
+ X rays, 125 rad 150 68 0.45 + 0,06 
C IV:47, XY,°+ 21 X rays, 150 rad 100 40 0.40 +: 0.07 
” UV, 55 erg mm~® 
+ X rays, 150 rad ° 100 4l 0.41 + 0.07 
UV, 75 erg mm? a . - 
+ X rays, 150 rad 100 42 0.42 + 0.07 
V: 46, XX X rays, 150 rad 100 27 0.27 -+ 0.06 
. UV, S5.erg mm 
r í -+ X rays, 150 rad 100 47 0.47 +: 0.07 
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Fig. 1 Ratio between the number of dicentric chromo- 

somes observed in the combined inradiation with that 

observed after X irradiation alone plotted for male and 

female normal cells (O) and cells with trisomy 21 (@). a, 
Data from ref. 1; b, data from present work. 


in radiation sensitivities for the two types of cell is 


present only in the pooled data of 125 and 150 rad. Sasaki 
and Tonomura” reported an approximately two-fold in- 
crease of the radiation (Co) induced exchange aberration 
yield in cells with trisomy 21 as compared with normal cells, 
while the X-ray data by Evans? give a yield about 40% 
higher. . 

The correlation between the higher yield of X-ray in- 
duced chromosome exchange aberrations in cells with 
trisomy 21 in comparison with controls and the lack of a 
synergistic effect between ultraviolet and X rays in cells 
with trisomy 21 cannot be unambiguously explained. The 
synergistic effect observed in normal cells is; however, (with- 
in experimental error) independent of the ultraviolet ex- 
posure in the range 50-100 erg mm’. This correlates with 
the finding by Evans and Norman*’ that the amount of un- 
scheduled DNA synthesis saturates at about 50 erg mm™?. It 
is not known whether the ultraviolet dose dependence of 
unscheduled DNA synthesis is different in cells with trisomy 
21. 

Blood specimens from the individuals with Down’s syn- 
drome were provided by Dr J. A. Hedberg, Bjérnkulla 
Institution for the Mentally Retarded, Stockholm. 
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Injection of foreign 
substances into single cells by cell fusion 


A GOOD technique for injecting a given substance into an 
individual cell would-be of value in cell biology. We here 
report studies on a method for injection of foreign sub- 
stances into cells with erythrocyte ghosts as ‘syringes’, 
making use of the cell fusion activity of HVJ. Mammalian 
erythrocyte ghosts seem to be the most suitable disposable 
‘syringes’, since they have no cytoplasm or nucleus, so con- 
tamination with cellular materials at the time of injection 
is minimal. Among the many mammalian erythrocytes 
tested, only human and dog erythrocytes showed high 
fusion capacity under the routine conditions used for treat- 
ment with HVJ (ref. 1). 

As a preliminary step, we examined whether haemo- 
globin was injected into a culture cell during its fusion with 
an intact human red blood cell (RBC). Cells of a cloned 
line of FL cells originating from a human amnion cell 
were used as host cells. About 1 x 10° cells suspended in 
8 ml of culture medium minimal essential medium (MEM) 
(with 10% calf serum) were inoculated into a Petri dish, 
diameter 5 cm, with several round cover glasses, 1 cm in 
diameter, at the bottom. The dishes were kept for 12 h to 
allow the cells to settle on the cover glasses. A suspension 
of 1.5% RBCs was made with balanced salt solution, 
BSS* (ref. 2) and the suspension was kept at 4° C until 
use.-After removal of the culture medium, the cover glasses 
on which the FL cells had been plated were washed with 
cold BSS~. To coat the surface of FL cells with HVJ, 1.5 
ml of ultraviolet-irradiated HVJ (ref. 3), 1,500 haemag- 
glutinating units‘, suspended in cold BSS- „were added 
and the culture was kept at 4° C. After 20 min free viruses 
were washed off with cold BSS~-. Then, 2 ml of the RBC 
suspension were poured into the Petri dish and kept at 
4° C for 30 min to allow the RBCs to be adsorbed to the 
surface of HVJ-coated FL cells. Under these conditions, no 
cell fusion occurred. After completion of the adhesion of 
RBCs, the BSS was removed carefully and 5 ml of warm 
BSS* was poured into the Petri dish. The culture was then 
incubated at 37° C for various periods, during which cell 
fusion between FL cells and RBCs was expected to occur 
accompanied by haemoglobin injection into the FL cells. 
The incubation periods used were 0, 20, 45, 90 min, 1 and 
2 d; for incubation for longer than 20 min ordinary culture 
medium was used. After each of these periods a cover glass 
was taken out and washed with PBS (phosphate buffered 
saline, pH 7.2) to remove free RBCs and then stained with 
benzidine® to detect haemoglobin in the FL cells. The per- 
centages of benzidine positive cells after incubation for 0, 
20, 45 and 90 min were 0%, 22%, 34% and 36%, res- 
pectively. The injected haemoglobin spread rapidly through- 
out the cytoplasm. The presence of haemoglobin in FL 
cells was still clearly demonstrable after incubation for 1 
or 2 d, It is significant that all the FL cells into which 
haemoglobin had been injected looked normal and many 
dividing cells containing haemoglobin were observable in 
long-term cultures. 

The haemoglobin had to be replaced by other substances 
without destroying the fusion capacity of the RBCs. For 
this experiment we chose fluorescein isothiocyanate (FITC) 
because it is easy to detect. Packed RBCs (1 ml) were 
haemolysed by addition of 5 ml of cold distilled water. 
The resulting lysate was centrifuged at 11,000g for 10 min 
and the supernatant discarded. Six-fold diluted PBS was 
added to the pellet to remove haemoglobin and the mix- 
ture was centrifuged in the same way and the supernatant 


, discarded; this procedure was repeated three times. Six 


ml of a solution of 0.05 mg ml of FITC in six-fold 
diluted PBS were then added to the pellet. The mixture was 
stitred aiid “sefitrifuged at 11,000¢ for 10 min afd the 
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supernatant discarded; this procedure was repeated twice. 
The pellet was then treated similarly with the same con- 
centration of FITC in half-strength PBS and centrifuged 
at 11,000g for 10 min. All these procedures were carried 
out at 4° C. Finally, the pellet was mixed with the same 
concentration of FITC in 10 ml of full strength PBS and 
the mixture was incubated at 37° C for 30 min. It was then 
centrifuged at 7,000g for 10 min and the supernatant dis- 
carded. The resulting yellow RBCs were washed with PBS 
by repeating centrifugation at 1,700g for 15 min until the 
supernatant became colourless. The external appearance 
of the yellow RBC containing FITC was indistinguishable 
from that of intact ones and the FITC fluoresced intensely. 
For preservation, the cells were suspended in cold PBS with 
4 mM ATP and 0.1 mM MgCl. It was estimated that each 
corpuscle contained about 4.4 x 10-*° pg of FITC. No 
leakage of FITC from the corpuscles was observable during 
overnight storage. 

Cell fusion between FL cells and the yellow RBCs was 
tested following the procedure described above. In this case, 
however, on long-term incubation the FL cells died as a 
result of the cytotoxic effect of the very small quantity of 
FITC which leaked from the RBCs during reactions with 
HVJ, so the presence of FITC in FL cells had to be checked 
after relatively short incubations of 20 min and 60 min. 
Cover glasses were removed from Petri dishes, washed with 
PBS, placed on a thin slide with the cells downwards and 
enclosed in buffered glycerine. Fluorescence was examined 
in a fluorescent microscope under a dark field and injected 
FITC in the FL cells was demonstrated. The frequency of 
injection was less than that of haemoglobin, however, being 
lower than 1%. Because FITC is highly cytotoxic, con- 
siderable numbers of FL cells may have been killed and 
detached from the surface of the cover glass immediately 
after the injection started, so the actual rate of FITC 
injection may in fact have been much higher. This result 
is encouraging, however, since intracellular injection of 
FITC was achieved, albeit at low frequency. 

There are several possible advantages of this method. 
First, it is well known that HVJ causes a cell fusion 
reaction to a greater or lesser extent in almost all cultured 
cells, so intracellular microinjection into them will be pos- 
sible. Second, with further improvement of the method it 
should be possible to control the dose of substance injected 
into a single cell. Third, it should be emphasised that after 
injection of haemoglobin FL cells were healthy and con- 
tinued to divide, so the injection procedure itself is not 
basically harmful to the cells. 

There are also possible difficulties in the method. There 
are technical limitations to replacing haemoglobin with 
other substances. During injection of intracellular sub- 
stances, the RBC membrane is inevitably transplanted into 
the plasma membrane of the target cell, but it may have 
no appreciable effect, since during repeated cell divisions 
molecules of the transplanted RBC membrane will undergo 
progressive geometric dilution. Moreover, the transplanted 
RBC membrane may be a good marker to identify cells 
which have received an injection, because RBC membrane- 
specific antigens should be detectable by staining labelled 
antibody*. 

We plan to examine appropriate conditions for fusion 
of a single cell with a single RBC. 
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Mechanisms of sensing chemical 


gradients by polymorphonuclear leukocytes 


ALTHOUGH it has been known for nearly 100 yr that 
polymorphonuclear leukocytes (PMNs) can show oriented 
locomotion in response to chemical gradients, that is, they 
display chemotaxis, the way in which these cells detect and 
respond to chemical gradients is still not understood’. These 
questions are of interest, not only to a study of the 
inflammatory process, but also to more general problems of 
oriented cell movements during morphogenesis. 

Current studies on bacterial chemotaxis indicate two 
distinct methods by which an organism can sense a chemical 
gradient**, An organism could sense the concentration of a 
chemotactic substance at one point, move a certain distance 
and sense it again, comparing this new level with the previous 
one. This has been termed a ‘temporal’ mechanism, as the 
organism compares between two times. In a ‘spatial’ 
mechanism the organism compares the concentration of a 
chemotactic substance at two or more locations on its body 
at one time. The mechanisms differ in that the temporal 
mechanism requires only one receptor somewhere on the 
organism and a simple memory system, whereas the spatial 
mechanism requires at least two spatially separated receptors 
on the organism and implies that the organism is capable of 
sensing the gradient across its own dimensions**. Analysis 
of films of horse leukocytes initiating and exhibiting chemo- 
taxis demonstrates that these cells utilise the spatial 
mechanism. This conclusion is supported by Ramsay’s 
observations of a human PMN responding to a moving 
chemotactic stimulus’. 

Time lapse films were made of horse blood neutrophilic 
leukocytes in a thin slide coverslip preparation as they 
responded to a chemotactic stimulus generated by other 
leukocytes in contact with a line of aggregated y globulin 
that had been previously dried on the slide. The details of 
the preparation have been described previously’. 

The magnitude of the chemotactic response was quanti- 
tated in three ways. First, the number of cells locomoting 
toward the chemotactic source was compared with that of 
cells moving away from it. Of the 80 PMNs filmed, 78 
moved towards the chemotactic source, that is, into the 180° 
sector containing the chemotactic source, no cells moved 
away and two were immobile. Second, the precision of the 
orientation of cellular locomotion was determined by 
comparing the orientation of movement of individual cells 
with the most direct possible path to the chemotactic source. 
In this analysis the successive positions of 30 cells were traced 
by projecting frames of the time lapse films onto drawing 
paper. As the cells tend to move in straight lines for short 
periods of time, the traced paths could be broken into 
segments of straight movement (that is movements having 
less than a 10° change in direction which were separated by 
relatively abrupt turns of varying magnitude). The tracing 
of four such cell paths is shown in Fig. 1. From the 
distribution of straight segments shown in Fig. 2, it was 
calculated that 65% of segments were oriented within 30° 
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Fig. î The tracings of four cell paths is a 16x field 
immediately adjacent to a line of aggregated y globulin 
filmed at 60 frames min-!. The film was projected on paper 
and at every 30th frame the cell images were drawn, The 
cells move from the bottom of the figure toward the top; 
the y globulin line was parallel to the top edge of the figure. 
Straight lines were drawn through segments of the tracings 
which showed less than a 10° change in direction. These 
lines were then analysed for their orientation relative to a 
perpendicular to the y globulin line, their length, and the 
Magnitude and direction of the turns linking the various 
straight segments. 


of the most direct path. Third, the degree of chemotaxis was 
also evaluated with the chemotropism index of McCutcheon 
by determining the ratio of the length of the most direct 
path to the chemotactic source to the path length measured 
from the film tracings’. The chemotropism index ranged 
from 0.61-0.97 with a mean of 0.85 and s.d.mr. of 0.01. The 
index is higher than those previously published®-*. From 
these observations it can be concluded that PMNs can sense 
and respond with high accuracy to a chemical gradient. The 
observed abilities of the PMNs to orient is presumably less 
than their maximal capability as with a more perfect gradient 
Or a more potent chemotactic substance they could be 
expected to respond even more accurately. 

Studies have shown that bacteria swimming in a gradient 
of a chemotactic substance have a lower frequency of 
turning when they are moving up the gradient than when 
they are moving down". This variation in turning behaviour 
with the ortentation of swimming causes the ratio of 
cells moving up the gradient over those moving down to 
exceed one. Previous studies on PMNs have suggested that 
randomly moving cells have a higher frequency of turns 
and stops than cells exhibiting chemotaxis®*, In my present 
study the frequency and magnitude of turns were ex- 
amined with PMNs which were moving with various 
orientations to a chemotactic source. The distance between 
turns did not alter as a fuction of the orientation of the 
locomotion. (coefficient of correlation was —0.169, N=68, 


P>0.1). Thus a cell which deviated 40° from the direct path 


to the source continued in this direction as far as one 
headed directly towards the source. In the population Studied, 
mo cell was moving at an angle more than 100° from the 
direct path to the source; in situations of less efficient orienta- 
tion a significant correlation might exist. In this same 
population, however, a significant correlation was found 
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between the magnitude of a turn and the orientation of that 
cell immediately before the turn (coefficient of correlation 
=0.35, N= 68 P<0.01). The further a cell was oriented from 
the direct path the greater the magnitude of the next turn 
tended to be. The correlation, however, was not strong. 

Probably an even more important factor in the orienta- 
tion of moving PMNs than the magnitude of turn is the 
direction of the turn. Thus 15 out of 16 cases where a cell 
in the tracings was moving at an angle of 30° or more 
from the direct path to the chemotactic source, the direc- 
tion of the next turn by the cell was towards the source; 
the probability of this bias occurring by chance is less than 
0.001. 

These behaviour patterns of cells exhibiting chemotaxis 
are consistent with a spatial mechanism of sensing the 
gradient. The directional turning response of cells rules 
out a simple temporal system based on readings at only 
two points as such a system would not allow the cell to 
decide in which direction to make its next turn. The data, 
however, do not eliminate a more complex temporal 
sensory mechanism which envisions moving cells as having 
the ability to ‘remember’ the concentration levels over two 
preceding intervals as well as the direction of the turn 


‘linking the two. This mechanism would give the cell as 


much information as a spatial mechanism with three 
or more receptors (knowledge of the concentration at 
three points in a plane is sufficient to determine the 
direction and relative steepness of an undirectional gradient 
in that plane). 

To differentiate between spatial and temporal mechanisms 
I observed the initial orientation of cells placed in a 
chemotactic gradient. Only a spatial mechanism should 
allow cells to detect the direction of a gradient while 
stationary. The direction of initial locomotion of PMNs 
placed on a slide bearing a streak of aggregated y globulin 
was analysed. Filming was begun 3 min after the preparation 
was made; at this time the PMNs were still rounded and 
immobile. Gradually the cells began to extend pseudopods, 
the cells nearest the line of y globulin first, followed by 
cells further away. The direction of the initial locomotion 
was towards the source of the chemotactic agent. In the 
microscopic field filmed, 18 out of 20 cells which moved 
either towards or away from the chemotactic source, 
extended their first pseudopod and made their initial 
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Fig. 2. The number of straight segments of cell paths is 

plotted against their orientation relative to the perpen- 

dicular to the y globulin line. A total of 172 straight seg- 

*¢ ments taken froma the. Hacings of 30 cell paths were 
= measuréd, 
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translocation (of at least 4 their body length) into the 180° 
sector toward the chemotactic stimulus. This population 
distribution would occur by chance less than 1 time in 1,000. 
Thus, the stationary cells are able to sense the gradient 
across their own dimensions and to respond directionally 
from the stationary position, an ability characteristic of an 
organism with a spatial mechanism of detecting gradient 
(a specialised temporal system where a single receptor is 
moved over the cells’ surface is an alternative, unlikely, 
possibility). 

In response to the chemotactic stimulus the frequency 
of pseudopod formation increased on the high concentration 
side of the cell. Before initial migration, the stationary 
celis did show changes in shape but usually these did not 
include the formation of structures which could be recog- 
nised as pseudopods, either with 16X or 100x microscope 
objectives. Furthermore, cells greater than 1 cm from the y 
globulin line normally remained rounded even after 1.5 h 
incubation. 

How the cell utilises information obtained by the 
spatial sensory system to selectively form pseudopods is 
unknown. Possibly there is a time and concentration 
dependent threshold of stimulation at the membrane which 
when activated leads to local pseudopod formation and a 
refractory period inhibiting pseudopod formation on other 
portions of the cell. Alternatively, the cell could have 
an internal means of comparing the amount of stimu- 
lation of its various sides; for instance local stimulation 
could affect the distribution of some limiting cofactor 
required for pseudopod formation. Further studies will 
be required to distinguish between these and other alterna- 
tives. 

I would like to thank Michael Abercrombie for many 
helpful discussions. I am a Fellow of the Leukemia Society 
of America Inc. 
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Optimal recovery of lymphocytes 


and tissue culture cells following rapid cooling 


CeLLs die if cooled either too rapidly or too elowly during 
freezing in the presence of dimethylsulphoxide (DMSO)!"4, 
but survive at an intermediate optimal cooling rate’. We have 
now obtained improved recovery of lymphocytes, lymphoid 
cell line cells and Chinese hamster tissue culture cells by 


interrupting rapid cooling with a timed exposure to a single, 


subzero temperature. This method is simple and, hete we put 
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forward some theoretical reasons for the improved cell recovery. 

Dulbecco’s medium containing DMSO (5% v/v) was added 
to gelatin-separated human peripheral blood lymphocytes 
immediately before dispensing 0.2 ml aliquots into sterile glass 
test tubes (10 cm long, 7. mm outer diameter, 5 mm inner 
diameter). The tubes were immersed either in a constant 
temperature alcohol bath (+ 0.2° C, ref. 6) or in a bath of 
glycerol solution inside a commercial deep freeze. The bath 
temperature was measured by a calibrated resistance thermo- 
meter’. After different times at the chosen subzero temperature, 
the tubes were plunged into liquid nitrogen. A typical sample 
reached — 25°C in less than a minute from room temperature, 
the subsequent drop to — 196°C took less than 20 s. The 
samples were thawed in a water bath at 37°C for 20 s. The 
lymphocytes were diluted in one step with 1.0 ml of serum- 
gelatin and cultured as previously described’. Recovery was 
assessed by uptake of *H-thymidine (3H-TdR) on the third or 
fourth day of culture of lymphocytes stimulated with phyto- 
haemagglutinin (PHA). 
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Fig. 1 PHA-stimulated *H-thymidine uptake (d.p.m.) of unfrozen 

control lymphocytes without DMSO (Wi), and thawed cells frozen 

in DMSO (5% v/v) either directly to — 196°C (A) or kept at —25.6°C 

for different times before either thawing (@) or plunging to —196°C 
before thawing (O). 


Figure 1 shows the recovery of cells held at —25.6°C in the 
deep freeze before immersion in liquid nitrogen. Complete 
recovery (100%) of the PHA-induced 9"H-TdR uptake was 
obtained with cells held from between 5 min and 18 h at the 
subzero temperature before cooling rapidly to —-196°C. There 
was no recovery of *H-TdR incorporation by cells cooled 
directly to —196°C without exposure at -—-25.6°C. Using 
holding temperatures of —22°C, —26°C, —30°C and —40°C 
the maximum recoveries of PHA-responsive lymphocytes 
were 18%, 100%, 65% and 40% respectively. Cells held at 
the sub-optimal temperatures of —22°C and —40°C for 1 
to 2 h were damaged on thawing from that temperature; no 
additional damage was seen when replicate samples were cooled 
to —196°C before thawing. With DMSO (10% v/v) complete 
recovery of °H-TdR uptake in response to PHA was obtained 
only after 50 min at —26.3°C in the alcohol bath. It was im- 
portant to cool the sample rapidly to the subzero holding 
temperature. Even 0.5 ml samples of cells in polypropylene 
Sterilin tubes showed a slower recovery with time at —25.2°C in 
the alcohol bath, in comparison with the 0.2 ml samples in the 
glass test tubes. 

Recovery was also observed with two other cell types known 
to succumb to rapid freezing. Lymphoid cell line cells (Cla 4) 
showed 100% recovery after 30 min at —26°C before cooling 
to — 196°C. Recovery was assessed by 9H-TdR uptake for 
24 h. Chinese hamster lung fibroblast cells (V79-379A) were 
grown and collected as previously described®. Duplicate samples 
were frozen in the same manner as the lymphocytes in Eagle’s 
minimal gssential medium with DMSO (5% v/v). On thawing, 
the samples were plated for colony assay. Cells frozen directly 
to — 196°C from room temperature showed no colony growth 
on thawing (Fig. 2). Between 1 min and 10 min at —26,0°C 
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Fig. 2 Colony growth (as % of unfrozen control) of Chinese hamster 
tissue culture cells thawed after freezing in DMSO (5% v/v) either 
directly to —196°C (A) or kept at —26.0°C for different times before 
either thawing (@) or plunging to —196°C before thawing (O). The 
plating efficiency of the unfrozen control] was 66.5 %. 


the survival of tissue culture cells thawed from liquid nitrogen 
increased to a maximum of 73% at 10 min. With longer times 
the survival decreased. 

These results demonstrate a simple method of obtaining a 
high survival of different cell types after storage in liquid 
nitrogen. With human lymphocytes we obtained complete 
survival of responses to PHA with a low concentration of 
DMSO (5% v/v). Using conventional optimal cooling rate 
techniques, this concentration does not allow complete sur- 
vival’. 

The basis of the present method is the realisation that there is 
a zone of subzero temperature, exposure to which protects 
cells against damage due to the subsequent stresses of both 
rapid cooling to —196°C, and rapid thawing and dilution. 
This was shown some time ago by Luyet and Keane” for bull 
spermatozoa and by Taylor™ for chick skin cells. Our results 
show that the protective properties of different subzero tempera- 
tures are affected by physical factors such as the initial concentra- 
tion of DMSO before freezing. In addition, different cell types 
respond differently to the same subzero protective environment, 
thus providing a possible method for their separation. 

We propose that this temperature zone conferring protection 
to cells against subsequent. freezing and thawing damage 
explains the established finding that most cells will survive 
freezing if cooled slowly (for example at 2°C min™ for lympho- 
cytes in DMSO 5% v/v)'* rather than rapidly. -The disadvan- 
tage of the conventional optimal cooling rate appears to be 
two-fold. First, damage may be produced by the initial 
slow attainment of the best protective temperature (for example 
the cooling from 0°C to —26°C for lymphocytes in DMSO 
5% viv); second, if slow cooling is continued below the 
protective zone damage may be caused. The beneficial effects 
of the two stage cooling rates sometimes used??? can thus 
be explained. The logical improvement is rapid cooling to the 
optimal protective temperature, a period at that temperature 
to confer protection, followed by a rapid cooling to storage 
temperatures. 

We have shown that two separate processes determine the 
survival of the cells thawed from — 196°C; these are damage 
at the holding temperature and protection against damage on 
subsequent freezing and thawing. 

The mechanism of the protection with time is unknown. 
It bears one similarity to the thermal shock system* where 
red cells cooled slowly from + 37°C to 0°C in hypertonic 
sodium chloride are haemolysed less than cells cooled 
rapidly?®*6, The rapidly cooled red cells could be protected, 
however, by increasing the time of exposure to the hypertonic 
conditions before cooling'*. The mechanism of protection at 
the subzero temperature may involve membrane changes 
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induced by the hypertonic conditions, water or solute move- 
ments across the cell membrane or the redistribution of ice. 
We believe that these results will form the basis for simple 
improved techniques for cellular preservation. 
We thank N. Yianni for technical assistance and Dr. M. 
Steele for supplying Cla 4. L. E. McG. is a fellow of the 
Medical Research Council of Canada. 
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Are there differences in contact inhibition of 


movement between normal and malignant cells 
SToKeErR! claimed that the malignant cells transformed from 
BHK. cells by polyoma virus showed a lack of contact inhi- 
bition of movement unlike their progenitor strain 
BHK 21 C 13. One of us reported that measurements made 
of the degree of contact inhibition shown by these two cell 
types showed that both displayed the same degree of contact 
inhibition. Measurements were, however, made at one cul- 
ture age and population density of cells. It is known that 
contact inhibition of movement of embryonic chick fibro- 
blasts varies with both population density and culture age’. 
Neither Stoker nor Curtis examined the effects of these 
factors on the contact inhibition of Py or C13 cells. Thus the 
disagreement between the results of Stoker and one of us 
is ripe for further investigation. We report here measure- 
ments on the contact inhibition of these two cell types at 
different culture ages and densities. 

BHK C13 and Py cells cultured in this department and 
originally derived from the Department of Virology, 
University of Glasgow were obtained from stock cultures by 
trypsinisation. The cells were grown in Eagles +10% calf 
serum 10% , tryptose phosphate medium. Cultures were 
started with’inoculum densities of 6.4105, 3.2xX10° and 
1.5 10°(C13) 9.0105, 4.5X10 and 1.5 10%(Py) cells per 
dish (60 mm Polystyrene) in order to obtain different popula- 


* tion densities at any one culture age. Cultures were fixed at 


0& 20, 24 and 48 h after inoculation. They were stained with 
Harriss hagmatoxylin and contatt inhibition measured by 
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Table 1 Variation of mean overlap ratio with culture age and population density 
a Age in culture (h) zi 8 20 24 48 
C13 0.183 0.219 0.211 0.298 
Py 0.357 0.262 0.255 0.284 
b Population density z, <70 70--74.9 75-79.9  80-84.9 85+ 
C13 0.207 0.219 0.259 0.212 0.251 
Py 0.456 0.301 0.302 0.294 0.265 
c Statistical analysis Es 27,” zz yý Ery 2A Ly? n 
C13 5,061 2,875 14.6 9.90 2,159 0.080 23 
Py 2,611 532 —5°4 — 3,74 2,665 0.059 20 
Pooled 7,672 3,407 9.2 6.16 4,824 0.139 43 
Regression coefficient Deviations from regression 
i a Sum of squares Mean square 
0.0021 0.0019 C13 0.0316 0.0014 
—0.0012 — 0.0008 Py 0.0496 0.0027 
Sum 0.0812 0.0041 
Pooled 0.0258 0.0006 


F = 13,32 (d.f.1:40) 





* Expressed as cells per counting area (1.8 X 1078 m°). 
t yis overlap index. 


counting the number of overlaps in a known area of 
measured cell population. Overlap index* was used as a 
measure of contact inhibition. 

The results are tabulated in reduced form in Table la 
and b. The full results were analysed ty multiple covariance 
analysis in Table Ic. The planes of the regression equations 
for C13 and Py cells are significantly different, F=13,32, 
d.f.1:40 P<0.5%. Comparing the differences in slope of the 
regression coefficients for culture age (xı) alone and for 
population density (x2) alone respectively we find that both 
pairs of coefficients are significantly different. (F=10.29 
P<0.5% for x, F=36.8, P<0.5% for xə). 

Thus the response of Py and C13 cells in their overlap 
indices to culture age and population density differ. Overlap 
index increases with population density and age in the 
normal C13 cells, in other words contact inhibition of move- 
ment decreases with these changes. But Py cells show the 
inverse situation. Contact inhibition of Py cells increases 
with culture age and population density. In consequence it 
is possible to choose culture ages and population densities 
such that cultures of both cell types will show the same 
degree of contact inhibition of movement; presumably this 
is what happened in earlier work on these cells. But the 
results also show that Py cells never show a lack of contact 
inhibition. It will be important to discover whether similar 
situations exist in other comparisons that have been made 
in the contact inhibition of normal and malignant cells. 

At the moment we can only speculate about the cause of 
this difference. It is well known that there are surface and 
other changes in cells as culture age and population density 
increase*~’ though the effects of age and density do not seem 
to have been separated in such work. Possibly one or more 
of these changes is related to the changes in contact inhi- 
bition we have observed. In many of these situations malig- 
nant and normal cells differ in their reaction to culture age 
and population density. 
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New fungal viruses 
capable of reproducing in bacteria 


Many authors have reported the isolation from fungi of 
virus particles containing double-stranded RNA‘. It has 
also been found that extracts of Penicillium brevi com- 
pactum, P. chrysogenum and P. stoloniferum can lyse certain 
bacteria. Fractionation of such extracts and also disruption 
of spores have revealed the presence of several types of virus 
particles differing in ‘their biochemical and biological 
properties. This series of viruses was called PBV, with 
reference to the host (P) and to their ability to lyse bacteria 
(B). 

Table 1 shows the results of titration of an extract of the 
mycelium, supernatant and spores of the three species of 
fungi mentioned above with the cells of Escherichia coli C 
and E. coli SK. The infectivity towards bacteria increases as 
the mycelium grows. No free virus was detected in the 
supernatant of P. brevi compactum after the mycelium was 
removed, whereas with the other two fungi virus was found 
in both the mycelium and the culture medium. Viruses which 
could multiply in bacteria were also found in preparations 
of the disrupted spores, as well as in preparations of 
disrupted mycelium not subjected to ammonium sulphate 
fractionation. In the latter case, the titre of virus in 
suspension was 1.5-2.0 log lower. 

When the fungi were grown in the presence of ‘250 ug 
ml? neomycin, which has a wide spectrum of antibacterial 
action, the quantity of PBV determined by titration with 
bacteria does not change as compared with the control 
without antibiotic. No bacteria were detected at any time in 
the fungal culture. The results were the same with different 
strains of P. brevi compactum (13 strains have been studied). 
Figure | shows the results of equilibrium centrifugation of 
mycelial extracts in a Cs,SO, density gradient. The gradient 
shows several peaks of infectivity to bacteria. The positions 
of these peaks are different for P. brevi compactum and P. 
stoloniferum. 

A further investigation has shown that in P. brevi 
compactum extracts there are two types of viruses infective 
to bactéria (PBVI and PBV2) in the regions of density 1.38 
and 1.40 g cm™. In the 1.32 g cm region®, a double-stranded 
RNA-containing mycovirus is present, which seems to be 
somewhat smaller in comparison with the mycovirus of 
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P. brevi compactum described by Wood er al” (300 A in 
diameter as measured by us compared with 400 A indicated 
by Wood). In the 1.42 g cm™ region there is a third virus, 
PBV3. The ‘light’ zones of the density gradient (1.25-1.32 g 
cm~") also show some infectivity with respect to bacteria. 


6x 10° 


Infectivity 


1x 10* 





2x 103 
1.20 1.22 1.24 1.26 1.28 1.30 1.32 | 341.36 1.38 1.40 1.42 1.44 
Density(2 cm~3) 


Fig. 1 Equilibrium centrifugation of the extract of P. brevi com- 
pactum and P. stoloniferum mycelium in Cs,SO, density gra- 
dient. Preparation and concentration of the extract with ammo- 
nium sulphate were carried out as indicated in the legend to 
Table 1 (the extract of P. brevi compactum mycelium was con- 
centrated 10-fold, the extract of P. stoloniferum, 1,000-fold), The 
extracts were layered on the preformed Cs.SO, gradient 
(1.22-1.44 g cm) and centrifuged for 16 h in a 3x5 ml rotor 
at 35,000 r.p.m. in a Superspeed 50 centrifuge. In the gradient 
fraction (0.27 ml) infection titre was determined with E.coli SK 
cells by Gracia? without dialysis. Under the dilution used the 
Cs,SO, concentration was low and did not influence the results 
of titration. , P. stoloniferum extract; -~-, P. brevi 
compactum extract. 
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Pure lines of PBV1, PBV2 and PBV3 were obtained (some 
of their properties are presented in Table 2). 

PBV1 and PBV3 comprise icosahedral particles with long 
noncontractile tails, resembling à phage; PBV2 is an 
icosahedral particle with a short tail, resembling T5 phage’. 
The nucleic acid of viruses PBV1 and PBV2, judging by the 
colour reaction, Tm and buoyant density is a typical double- 
stranded DNA. PBV1 has an extremely wide spectrum of 
antibacterial action; it can lyse E. coli B, E. coli C, E. coli 
K12 and E. coli SK; PBV2 lyses only E. coli SK. PBV3 was . 
infective towards E. coli C, E. coli B and E. coli SK, and 
has an abnormally high buoyant density in CsSQk,. 

Many facts lead us to believe that titration of myceltum 
extracts on bacteria did reveal the fungal viruses and not 
some fungal substances which could induce lysogenic 
prophages in the bacterial cells. Some of these data are 
summarised in Table 3. First, definite mycelium fractions 
after equilibrium centrifugation gave several types of 
colonies on the same bacteria, differing in size and 
morphology. From these colonies pure viral lines were 
isolated which after many passages through bacteria had 
the same buoyant density and gave the same type of colonies 
as respective viruses in the fungal extracts. This is evident 
particularly in the case of PBV3 which has an abnormal 
buoyant density in CseSQx. 

Second, antisera against three isolated and purified PB 
viruses grown in bacteria neutralise the infectivity of the 
fungal fraction towards bacteria. The fraction of density 
1.42 g em’ contains chiefly PBV3 (Table 3) which gives 
large clear colonies with a halo on E. coli SK. PBV1i and 
PBV2 give large clear colonies without haloes and large 
turbid colonies respectively and represent an admixture of 
PBV3 as a result of overlapping zones occupied by these 
viruses. The same is true for the fractions of density 1.40 
and 1.38 g cm. Neutralisation experiments with other 
fractions (1.32 and 1.38 g cm~%) are now under way. 

Thus, we conclude that fungal extracts contain virus 
particles infective towards bacteria. Otherwise E. coli C or 
E. coli SK cells would have to contain at least four different 
prophages which can be induced by fungal substances and 
at the same time do not restrict the subsequent infection by 





_ Table 1 Titration of Mycelium preparations on E. coli C and E. coli SK 


Fungus species Time o growth Infectivity per g biomass Infectivity titre in culture medium 


E. coli C E. coli SK E. coli C E. coli SK 
P. brevi compactum N 192 6 1 x 10? 3 x 10? 0 0 
17 8.5 x 10? 2.6 x 108 0 0 
24 1.2 x 10° 4 x 108 0 0 
72 i x 105 2 x 10 0 0 
96 2 x 108 9 x 10° 0 0 
Intact spores 0 0 0 0 
Disrupted spores 1 x 103 5 x 10° 0 0 
P. stoloniferum 1458 72 2 x 108 - 9 x 10? —— 
P. chrysogenum 194 48 9 x 10? — 7 x 108 — 


The sterile growth conditions of the fungus have been described previously!. Twice each day the fungus was seeded to detect bacterial flora. 
The mycelium was separated from the culture medium by filtering through paper filters and then disintegrated either by grinding with quartz 
powder or by ultrasonic treatment. Many PB viruses are extremely sensitive to temperature, so it must be kept as low as possible during treatment 
(0.4° C). The disrupted mycelium was extracted with 0.1 M NaCl in 0.05 M phosphate buffer pH 7; the virus was then either concentrated by 
precipitating with 30% ammonium sulphate or directly titrated on bacteria, using the method of Gracia °. The spores were treated ina similar way. 
All the data in the table refer to the culture medium and mycelium extracted per g crude mycelium. 





Table 2 Some characteristics of viruses of the PBV series (from P. brevi compactum) and their DNAs 


Virus species _ _ Buoyant density Size of head Tm of DNA Buoyant density 
in Cs,SO, in CsCl A* 1Ssc 0.1 SSC in CsCl in Cs,SO, 
gem? g cm“? ` 
PBV1 1.38 1.49 425 + 25 88.5°C 72.8°C 1.7078 1.42 
PBV2 1.40 1.48 525 + 25 ‘ 87°C 72°C 1.7035 1.42 
PBV3 1.42 1.51 — — — — — 





The PB viruses were grown according to the standard procedure? in a synthetic medium to which broth was added and were then purified by 
chromatography on DEAE-cellulose, differential centrifugation and equilibrium centrifugation in a Cs,SO, density gradient. DNA was isolated 
by the phenol method. The DNA preparations were dissolved in 1 SSC.Standard procedures were used for melting of DNA and for reactions 
lle is T9 diphenylamine. The buoyant density of DNA was determined in an analytical centrifuge with known markers (DNA from 
phage Sd or T5). ka ° 


*The sizes of the particles are those reported in our preliminary communication,  ® , 


456 


Table 3 Comparison of some properties of PBV originating from 
fungi and bacteria 


Source of Virus* Buoyant Colonies on bacteria 
density Type Diameter 
in Cs,SO, (mm) 
(g cm~’) 
Extract of P. brevi com- Clear with halo ł 1.5-2.0 
pactum 1.42 Clear without halo 1.5-2.0 
Turbid 0.6-0.8 
The same + antiserum Clear with halo ł 1.5-2.0 
against PBV2 1.42 Clear without halo 1.5~2.0 
The same + antisera 
against PBV1 + PBV3 f 1.42 Turbid 0.6-0.8 
PBV3 (E. coli ©) . 1.42 Clear with halo 1.5-2.0 
Extract of P. brevi Turbid ¢ 0.6-0.8 
compactum 1.38 Clear without halo 1.5-2.0 
PBV2 (E. coli SK) 1.38 Turbid 0.6-0.8 
Extract of P. brevi Clear without halo} 1.5-2.0 
compactum 1.40 Turbid 0.6-0.8 
Clear with halo 1.5-2.0 
PBVI (E. coli C) 1.40 Clear without halo 1.5-2.0 
Extract of P. brevi Different types, 
compactum 1.32 clear and turbid 0.5-1.5 
Extract of P. stoloniferum 1.40 Clear leas 1.5 
Extract of P. chrysogenum meme Turbid 1.0-1.3 


*Fungal extracts were obtained and centrifugated in Cs,SO, 
gradient, as indicated in the legend to Fig. 1. The fractions with indi- 
cated buoyant density were titrated on E. coli SK. The pure lines of 
PB viruses were grown on E.coli C (PBV1, PBV3) or E. coli SK (PBV2) 
purified as described in Table 2 and titrated under the same conditions 
as fungal extracts (see Table 1 and Fig. 1). 

t The antisera against PB viruses were obtained by usual method of 
immunisation of rabbits with purified PBV preparations (titre 5 x 10% 
plaques ml") °, The results indicated in the table were obtained with 
antiserum dilution 1:10, which provided the 100% neutralisation, 
antisera diluted 1: 100 neutralised the infectivity in fungal extracts due 
to PBY2 (turbid colonies) and PBV1 + PBV3 (clear colonies) for 
88% and 90% respectively. Normal rabbit antisera did not influence 
the PBV infectivity in fungal extracts. 

t The predominant type of colonies. 


infective virus originated from this prophage. 

Like the double-stranded RNA mycoviruses, the viruses 
of the PBV series may be isolated only from the cultures of 
P. brevi compactum, and P. stoloniferum with modified 
morphology and from the strains of P. chrysogenum, which 
produce penicillin. The ‘healthy’ cultures of these fungi or 
cultures not producing the antibiotic produce neither 
mycoviruses nor PB viruses. Attempts to infect ‘healthy’ 
cultures with PBVs have so far failed. 

In summary, mycelium of P. brevi compactum, P. 
chrysogenum and P. stoloniferum produces, in addition to 
known mycoviruses, DNA-containing viruses capable of 
reproducing in bacteria. The relationship of these viruses to 
the host fungus is still obscure; it is possible that PBVs 
have a temperate lysogenic relationship with the fungus. 
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Estimation of the size 
of a T-cell-induced lytic lesion 


The specific cytolytic activity exhibited in vitro by thymus- 
derived (T) lymphocyte populations from immune animals 
(see review in ref. 1), is germane to allograft rejection®*? and 
to pathways by which neoplastic tissue can be destroyed in 
yivo"'*®, The mechanism involved, however, remains contro- 
versial (for one viewpoint see ref. 6) and the nature of the 
lytic lesion is unknown. 

T-cell-mediated lysis seems to be unrelated to the comple- 
ment system, for not only can lysis take place in the absence of 
serum, but added complement augments neither the rate nor 
the extent of lysis’. Perhaps more pertinently, antisera against 
complement components C,, C, and C, do not interfere with 
the lytic process’. 

Time-lapse cinematography of lymphocyte-mediated cyto- 
lysis revealed lysis as a ballooning phenomenon, in which the 
antigen-bearing (target) cell became swollen and ruptured 
after contact with a lymphocyte’. Studies from this laboratory 
on the efflux of material of different molecular sizes from 
injured target cells have established that the T-cell-induced 
lytic lesion is progressive’. Low molecular weight markers 
(ATP, Rb) were shown to efflux from the damaged target 
cell before macromolecules (Cr-protein, "H-DNA) could 
pass through the cell membrane. These findings suggest that 
the original dimensions of the lytic lesion are smaller than 
the effective diffusion radius of the ™Cr-protein complexes, 
and are incompatible with ‘big-bang’ concepts of lymphocyte- 
induced target cell lysis. 

The preferential early efflux of low molecular weight material 
from target cells suggested that the eventual rupture of the 
membrane, and the swelling of the target cell observed 
morphologically, were due to colloid osmotic swelling. 
This is supported by the findings reported here, for by 
means of techniques!” !? used earlier to characterise comple- 
ment lesions, it was found that when cultures of lymphocytes 
and target cells were maintained in a solution of high molecular 
weight (>40,000) dextran, ™Cr-protein release from the 
target cells could be inhibited while Rb efflux continued. 
Using a series of dextrans of varying molecular size, it was 
inferred that the initial T-cell-induced lytic lesion in a masto- 
cytoma target cell is of the order of 35-45 A in radius. 

The assay system used, the lysis of DBA/2 mastocytoma cells 
by spleen cells from alloimmunised C57BL/6 mice, has been 
described in detail (see legend to Fig. 1), The sarme system 
was used to measure specific “Cr and Rb efflux’®, During 
the assay times used, specific release of both labels was linear 
after a lag of 10-15 min for ®Rb and approximately 45 min for 
51Cr. The assays were of comparable sensitivity, in that the 
minimal number of lymphocytes required to cause significant 
release of label was equal’. Typical values for isotope release 
from 10° target cells with 10? spleen cells is shown in Table 1. 

We have shown” that target cell damage after addition of 
lymphocytes occurs within 15 min, and is characterised by 
efflux of low molecular weight material. Macromolecules are 
only released later (> 45 min). If the efflux of high molecular 
weight material results from osmoregulatory damage, caused 
by water influx through the initial lesions, then maintaining 
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Fable 1 Release of "Cr and **Rb from DBA/2 mastocytoma cells in the presence of immune C57B/6 spleen cells 





Time after % Cr release pA 85Rb release 
target cell specific 
addition Immune Normal cytolysis Time Normal Immune Specific 
l “Rb release 
(h) (min) (c.p.m.) (c.p.m.) (Ac.p.m.) 

j 9.2+1.8 3.64-0.4 5.6 15 541+17 625+ 20 84 
2 22.944.0 4.1+0.2 18.8 30 935+22 1,360+18 425 
3 40.4 4:3.7 5.2+0.3 35.2 45 1,294+8 2,124+75 830 
4 56.3+5.2 6,540.5 49.8 60 1,669+.13 2,871+12 1,202 





C57BL/6 spleen cells from unimmunised (normal) animals or from mice immunised 10 d previously with 107 DBA/2 mastocytoma cells 
intraperitoneally were incubated with 10° 51Cr DBA/2 mastocytoma cells for periods up to 4h (or with 10° ®*Rb target cells for periods up to Ih). 
For the *"Cr release percentage isotope release was calculated relative to the total number of cell-associated counts added to the system. 
Percentage specific cytolysis merely as the arithmetic difference between release in the presence of immune cells and that with normal cells. 
Values given are means 4 s.d. of quadruplicate assays in one experiment. For the ®*Rb assay, because of high turnover of Rb in lytic assays 
and the variability in reporting specific cytolysis from various laboratories (contrast for example the calculation above with that reported in 
ref, 13), it is considered preferable here to report raw data. The totai cell-associated counts at time zero were 4,6464420 c.p.m., the total 
supernatant counts in the presence of normal and immune lymphocytes is given as c.p.m.-+s.d. of quadruplicate assays. The difference between 
the mean values was taken as specific **Rb release. Percentage inhibition of cytolysis in this system was calculated relative to this value. 


the target cells in solutions of high molecular weight (non- inhibition of specific Rb and *Cr release (Fig. la). 
penetrating) molecules should prevent the progression of the Dextrans of mean molecular weight 70,000 (Pharmacia T70) 
lesion, and prevent macromolecular efflux !?, and 231,000 (Pharmacia T250) inhibited specific *'Cr release 

Using dextrans of various molecular weights, we established significantly more than they did ®*Rb flux (Figs. 18 and c). 
that solutions inhibiting cytolysis (Cr release) were of high For example, in 0.5 mM, 70,000 molecular weight dextran, 
intrinsic viscosity. It was considered important, therefore, to specific Rb release was suppressed only 6.1 % (range 4.2-8.1), 
establish that inhibition of *4Cr release was due to prevention whereas Cr release was inhibited 38.0% (range 35.0-43.2). 
of macromolecular release from cells bearing a lytic lesion, Similarly, in 0.1 mM, 231,000 molecular weight dextran, 
rather than to inhibition of lymphocyte-target cell interactions 86Rb release was inhibited 6.5% (range 4.3~9.5) whereas 
by solutions of high viscosity”. We argued that if inhibition 
of both Rb and ™Cr release was observed, this represented an 
inhibition of lymphocyte—target cell interaction. If, on the other 
hand, Rb efflux was demonstrable when ™Cr was not, this 
was regarded as inhibition of the progression of the lesion. 
Such arguments depend on the following suppositions: (i) 
that Rb and *'Cr are released from injured cells by basically 
the same mechanism; and (ii) that Rb and ™Cr are located 
either in the same intracellular pool, or that they have equal 
access to holes in the cell wall. 

It follows that inhibitors of cell interactions should affect 
86Rb and *Cr release comparably. The effect of cytochalasin B, 
an inhibitor of cytolysis!*-!°, was thus assayed. Cytochalasin B 
(0.4-6 ug ml") similarly inhibited Rb efflux and *!Cr release 
(Table 2). Additionally, we observed’ that an inhibitor of the 
potassium pump (ouabain) affected neither “Rb nor “Cr 
release. These findings are both consistent with the suppositions 
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0- 25. 325: 5 AG. 20 O 0.125 0.25 0.5 1.0 2.0 
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made above. 9 100 
Parallel inhibition of Rb and “1Cr release was shown when E 
lymphocyte-target cell interactions were made in a dextran 3 0 
solution of mean molecular weight 9,300 (Pharmacia size 2 c 
T10). At concentrations of 20 mM, complete inhibition of 5 
specific Rb and “Cr release was found. Decreasing dextran a 60 
concentrations resulted in a dose-dependent and parallel = 
& 
$ 40 
Sang 
Table 2 Inhibition of specific **Rb and “1Cr efflux in the presence of 
cytochalasin B 2 20 
Ma) 
Concentration % Inhibition specific cytolysis = 
cytochalasin B ~ 
(ug ml”) Cr Rb 0 0.05 01 0.2 04 08 
ae 3 nae Dextran concentration (mM) 
1.5 52.0 47.6 
3 85.1 79.2 
6 97.2 93.4 Fig. 1 C57BL/6 spleen cells (10) derived from mice immunised 10 d 





earlier with 107 DBA/2 mastocytoma cells intraperitoneally, were 
10? immune C57BL/6 lymphocytes (10 d after 10” DBA/2 masto- incubated with 105 mastocytoma cells labelled either with "'Cr( A) or 
cytoma cells intraperitoneally) were incubated with 10° Cr DBA/2 with Rb (@). The cells were mixed in Eagle’s minimal essential 
mastocytoma cells for 4 h at 37°C (or with 10° "Rb target cells for medium containing 10% foetal calf serum and varying concentrations 
60 min) in the presence of cytochalasin B. The percentage inhibition of dextran. C¥tolysis was evaluated 1 h (for ®*Rb assays) or 4 h (for 
of specific cytolysis was calculated relative to control tubés without 51Cr assays) later. Specific cytolysis was calculated after subtraction 


inhibitor. Data represents mean values of two experiments in each of isotope release from control cultures containing 107 normal 
of which the assays were performed in duplicate. Replicate essays in , C57B/6 spleen cells in the same concentrations of dextran. Inhibition 
each experiment varied <5°%; values from one experiment to the of specific cytolysis was calculated relative to cultures containing no 


other varied approximately 107%. Cytochalasin B had no effect on . dextran. The values given are means and range of quadruplicate 
the release of either isotope in contro] cultures. cultures. Molecular weight: (a) 9,800; (b) 70,000; (©) 231,000. 
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Table 3 Addition of cytochalasin B or dextran solutions to cytolytic reactions: effect on subsequent ®'Cr release 





Inhibitor added % Specific **Cr release in the 
Reacting cells after I h of 2 h following inhibitor addition 
incubation} Expt 1 Expt 2 Expt 3 
10’ immune CS57BL/6 None 20.5 (5.2*) 32,3 (3.1*) 28.7 (6.4*) 
spleen cells (medium alone) 
Cytochalasin B 7.3 11.5 8.9 
Dextran 9,300 5.8 — Ted 
+ Dextran 70,000 0.2 0.1 0.7 
Dextran 231,000 — 0.5 0.2 
10° 2Cr DBA/2 
mastocytoma cells BSA — 3.1 — 


* Percentage specific lysis at time of inhibitor addition. 


t Inhibitors were added to give a final concentration known to b2 sufficient to totally inhibit specific °4Cr release if present at time of lymphocyte 
addition to target cells. These final concentrations were: cytochalasin B, 6 ug ml"; dextran 9,300, 20 mM; dextran 70,000, 2 mM ; dextran 231,000, 
0.8 mM; BSA, 25 ¢%. Values given are means of triplicate assays. Replicates in all cases varied < 10% 

Neither dextran nor cytochalasin B solutions affected spontaneous *'Cr release in parallel cultures containing normal lymphocytes. 


51Cr release was inhibited 36.2% (range 33.0-39.1). These 
findings suggest that the high molecular weight dextrans prevent 
hole enlargement. 

We have previously shown that when cytochalasin B is 
added to a lytic reaction in progress, **Cr release continues for a 
period of approximately 1 h before complete inhibition is 
demonstrable”. It seems reasonable to assume that such release 
is derived from target cells which bore holes before addition of 
inhibitor, but that such lesions were not initially large enough 
to accommodate macromolecular passage. It follows that hole 
enlargement continued in the presence of cytochalasin B and 
that inhibition was due to prevention of new lymphocyte- 
target cell interactions*®. 

When low (9,300) molecular weight dextran was added to a 
lytic reaction already in progress, *'Cr release continued in a 
manner comparable with that found with cytochalasin B 
(Table 3). In contrast, addition of 70,000 and 231,000 molecular 
weight dextrans completely inhibited subsequent ™Cr release. 
Presumably only those molecules which are too large to 
penetrate the initial hole can afford osmotic protection against 
water influx (and the subsequent ™Cr efflux). 

Dextran solutions of 40,000 molecular weight also gave 
protection against *4Cr macromolecular efflux, although less 
than that obtained with 70,000 molecular weight material. 
Minimal inhibition of ë!Cr release was also obtained by addition 
of 25g % bovine serum albumin to an ongoing lytic reaction 
(for example, experiment 2, Table 3). 

The single most important criterion dictating molecular 
passage across a semipermeable membrane seems to be the 
molecule’s effective diffusion radius (Res) calculated from the 
Stokes-Einstein equation®®. From values in the literature 
for the molecules used in this study, it would seem that dextran 
molecular weight 40,000 (Res ~ 45A) and bovine serum albu- 
min of molecular weight 68,000 (Res 35.5A), by affording 
minimal significant inhibition of “Cr-protein release from cells 
bearing a Rb hole, represent the approximate initial dimensions 
of the T-cell-induced lytic lesion. 

These findings show a striking similarity to the nature of the 
antibody induced complement lesion in erythrocytes!? and 
in Krebs ascites tumour cells#*22, In these cases too, macro- 
molecular passage across a damaged (K permeable) cell mem- 
brane, could be prevented by maintaining the cells in non- 
penetrating protein?? or dextran solutions!®. For reasons 
advanced earlier, there is good reason to suppose that the 
complement system is not involved in the T-cell-mediated 
lytic lesion’’®, The nature of the effector molecule remains, 
however, in doubt. 

Currently, it seems reasonable to suppose “that the initial 
lytic lesion in the target cell membrane is inserted during the 
contact between effector T lymphocyte and ite homologous 
target cell. After this initial lesion, the continued presence of 
the lymphocyte is unnecessary?*, and the demise of the target 
cell results from its own inability to handle .he augmented 
influx of water into its cytoplasm. 
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Note added in proof: Seeman has recently claimed*™ that the 
approaches used here to estimate lesion size are invalid. He 
reports that the efflux of haemoglobin (Hb) from hypotonically 
lysed cells is suppressed by the presence of extracellular macro- 
molecules, even when the size of the membrane lesion is much 
greater than the effective diffusion radius of the extracellular 
molecules. He argues that the macromolecules act simply by 
reducing the diffusion rate of Hb, a suppression which, he 
asserts, is dependent on the weight-concentration, and not the 
molecular weight, of the extracellular macromolecule. The latter 
assertion makes it unlikely that this is an adequate explanation 
of the phenomenon described here for dextrans of molecular 
weight 9,000 and 70,000, used at the same weight concen- 
trations, have very different effects on *#Cr-protein release (Fig. 1). 
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Immunosuppression detected 
in pregnant mice by rosette inhibition test 


ATTENTION has recently been drawn to the immunological 
mechanisms concerned in the nonrecognition of the anti- 
genic status of the foetus during uterine life. Several 
workers??? have demonstrated that lymphocyte transforma- 
tion is suppressed during pregnancy. As the rosette inhi- 
bition test has been used to show that the lymphocyte 
activity in vivo is modified by immunosuppressive therapy 
following trasnplantation®, it suggesis that this technique 
could also be used to investigate possible immunosuppres- 
sion during pregnancy. 

The rosette inhibition titre (RIT) was estimated as des- 
cribed previously’. Antilymphocytic serum (ALS) was 
produced against mouse spleen cells, and was tested for 
its effect on rosette formation between mouse spleen cells 
and human red blood cells (HRBC), (H.M., V.H., and 
G.J.A.C., unpublished). The HRBC were collected fresh 
each day from the same donor. The ALS was diluted to 
110° and then serially diluted and tested in the range 
110° to 32,768x10° The spleen cells used were from 
Quackenbush mice aged between 8 and 12 weeks. The 
RIT was recorded as the highest dilution of ALS at which 
the number of rosettes formed was 75% or less of the 
control (Hank’s solution without ALS). The RIT of the 
ALS produced in this series showed significant correlation 
with the skin graft survival time. 

The results of the RIT performed in two mice, a non- 
pregnant and a pregnant female respectively, are illustrated 
in Fig. 1, in which the rosette formation as a percentage 
of the control (without ALS) is plotted against the dilution 
of ALS. There was a marked difference in RIT, that in 
the nonpregnant female being 16X 10° and in the pregnant 
female 8,192x 10°. The RIT of ten pregnant females and 
the normal group of five males and six non pregnant 
females is illustrated in Fig. 2. The logarithmic mean of 
RIT Xx 10-* (to base 2) in the normal group was 3.2 (s.e. 
0.42). The RIT of the pregnant group ranged from 
32x 10° to 8,192«10° (log mean 10.2 s.e., 1.05). There 
was no Significant difference. between the mean of the titres 
of the group containing five males and the group contain- 
ing six nonpregnant females. There was a significant 
difference between the mean of the titres of the non- 
pregnant group (five males plus six females) and the 
pregnant group (ten females) P< 0.001. The mean number 
of spontaneous rosettes formed in the control with spleen 
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Fig. 1 Rosette formation (as % of the control) with lym- 

phocytes from a pregnant (#) and a nonpregnant (9) 

mouse plotted against ALS dilution, illustrating the high 
RIT duting pregnancy, 
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pregnant female mice (9), showing rise in RIT in some 
pregnant females. 


cells from five male mice and six non pregnant female 
mice was 31.2 (s.e., 2.2) rosettes per 1,500 spleen cells, 
and the mean number in the contro] with spleen cells 
from ten pregnant females was 33.9 (s.e., 2.7) rosettes 
per 1,500 spleen cells. There is no significant difference 
between the number of rosettes formed in these two 
groups. 

To investigate this wide range of RIT in pregnant mice 
and to follow an apparent change in relation to the stage 
of pregnancy, mice were killed at different stages after 
mating and the stage of pregnancy recorded as the 
crown-rump length of the foetus. A plot of RIT of pregnant 
mice against crown-rump length of foetus (Fig. 3) indicates 
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Fig. 3 RIT plotted against stage of pregnancy as measured 
by crown-rump length, showing a rise in RIT during preg- 
nancy and a fall to normal before delivery. 


that the RIT starts to rise early in pregnancy, and then 
drops to within the normal range approximately 7 d 
before delivery. The RIT of a mouse tested at full term 
lay within the normal range. 

Our findings support the work of others’? that the 
immunological competence of material lymphocytes is 
modified during pregnancy. They found that the phyto- 
haemagglutinin - induced transformation was reduced. 
Finn er al. raised the question whether this was due to a 
central suppression of the T cells in pregnancy or to 
fewer T cells present to be stimulated. Our findings support 
the first of thése two hypotheses. If there were fewer T cells 
to be stimulated then the number of spontaneous rosettes 
formed in the pregnant group would be less than the num- 
ber formed in the nonpregnant group. We have found 
that this is not so, that there was no significant difference 
between the means of the results obtained from each 
group; log 
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Contractor et al.? have concluded from their investigations 
that HCS and HCG, produced by the placenta, are either 
binding or competing for the site of PHA stimulation. 
From our investigations, it seems likely that a similar 
reaction is occurring. The number of spontaneous rosette- 
forming cells in pregnancy is not decreased but the num- 
ber of combining sites on these cells, available for the 
immunosuppressive activity of the ALS, is decreased. This 
is shown by the rosette forming activity of these cells 
being inhibited by much higher dilutions of ALS than those 
cells from nonpregnant animals, This indicates that the 
blocking of binding sites on the lymphocyte in vivo 
impairs its immunological competence. We have shown that 
the RIT begins to return to within normal limits at the 
beginning of the third week of pregnancy and this lends 
support to the theory of Contractor ef al, that immuno- 
rejection may play a part in stimulating parturition. 
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Stabilisation of interferons by defensive 
reversible denaturation 


THE stabilities of interferons vary widely, depending on their 
source and degree of contamination. Even relatively stable 
interferons seem to become labile as various degrees of purity 
are attained’. In the absence of a more suitable means of 
stabilisation, some investigators rely on addition of extraneous 
protein to stabilise interferons during purification®, thus, a 
method for stabilising interferons would have considerable 
value. 

The commonly encountered inactivations of interferons 
(deterioration on storage, repeated freezing and thawing, surface 
inactivation by shaking or frothing, or exposure to heat) occur 
under conditions where alterations of primary structurrs of 
protein are not likely; therefore, such inactivations probably 
result from denaturations involving only disruptions in second- 
ary and tertiary structures. Theoretically such denaturations 
should be reversible. 

Denatured proteins are more likely to return to native con- 
formations if their amino acid sequence is in æ linear random 
coil®, that is, a primary structure in which all noncovalent bonds 
and all cross links (disulphide bonds) have been*broken. Since 
some interferons have been reported to contain disulphide 
bonds?4, attainment of a linear polypeptide should require 
reduction of such groups. As with some interferons, unfolding 


of the native protein is required to make cross linkages accessible * 


to attack, an agent to disrupt noncovalent bonds would de 
required. Presumably, intérferon polypeptides Maintained in 
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Fig. 1 Stabilisation of interferons by ‘defensive’ reversible 
denaturation. Interferons were subjected to the indicated treat- 
ment in their native state (O, @) or in the ‘defensively’ denatured 
state( A, A). @, A, Mouseinterferon; O, 4, human interferon. 


such a conformation should be stabilised against inactivation by 
procedures not inducing covalent changes in the primary 
structure. To maintain interferon in such a state, we selected a 
system consisting of urea, 2-mercaptoethanol, and the sodium 
dodecyl sulphate (SDS). The first two agents should provide 
random coils, which would theoretically be reversibly denatured, 
but in practice, oxidation of sulphydryl groups or exchange of 
sulphydryl and disulphide bonds are almost unavoidable upon 
their removal’. SDS should, however, defend the reactive 
groups against interactions®. 

Mouse interferon prepared in Logg, cells induced with New- 
castle dfSease virus was acidified to pH 2, extraneous proteins 
were precipitated by addition of ammonium sulphate to 20% 
saturation at 20° C, and clarified supernatant fluid was adjusted 
to pH 7.2 by dialysis against 0.01 M Tris HC] buffer. Prepara- 
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Table 1 Labilities of unfolded and reduced interferons under condi- 
tions allowing intra and intermolecular interaction 


logy) Activity 
After 56° C After 100° C 


Reagent Initially § 30min 2 min 

None 3.8 3.0 < Í 
Mouse Mercaptoethanol i 
interferon (1.4 x 107? M) 3.5 135 < i 

Urea (5 M) 3.3 1.0 < l 

Mercaptoethanol 

+ urea 3.0 ae oe < Í 

None ” 40 3.5 < | 
Human  Mercaptoethanol 3.8 1.5 < Í 
interferon Urea 3.5 15 < I 

Mercaptoethanol ; 

+ urea 2.8 < Í < Í 


a 


tions had specific activities of about 10° units per mg protein. 
Human interferon produced in human diploid fibroblast cells 
induced with poly(D-poly(C) was dialysed against 0.01 M 
Tris HCI buffer, pH 7.2. 

The labilities of mouse and human interferons to various 
denaturation procedures were remarkably similar (Fig. 1). 
Heat inactivation kinetics of mouse interferons were independent 
of the purity of the preparation: preparations with about 10$, 
10°, 10° or 10° units per mg protein showed identical inactivation 
kinetics. 

The interferons were only slightly affected by either urea or 
mercaptoethanol at room temperature and exhibited the same 
100° C heat lability..in their. presence as was seen in their 
absence; at 56° C, these agents markedly accelerated the inacti- 
vation rate (Table 1). The combination of urea and mercapto- 
ethanol! caused a greater loss of initial activity and, again, had 
no stabilising effect on the residual activity. Interferons 
denatured under these conditions seemingly allow intramole- 
cular and intermolecular interplay. 

Addition of SDS to denatured, reduced proteins might be 
expected to defend against this random, nonselective interplay 
of reactive groups which presumably contributed to the seem- 
ingly irreversible denaturation. Reduced proteins dissociated by 
urea and SDS seem to stay dissociated in SDS after removal of 
the unfolding and reducing agents®’. Both human and mouse 
interferons in the SDS-‘defended’ state were conipletely stable 
to heat and freeze-thaw cycles (Fig. 1). ‘Defensive’ reversible 
denaturation was achieved by. making the interferons 3.5 x 
10-3 M SDS, 1.4 x 10-? M 2-mercaptoethanol and 5 M urea; 
in other experiments 3.5 x 107? M SDS, 14x 107 M 
2-mercaptoethanol and 5 M urea gave identical results. 
Presumably, interferons in this condition are converted to linear 
peptide chains and after removal of urea, mercaptoethanol and 
excess SDS by dialysis, the SDS—interferon remains dissociated 
and returns to an active conformation when incubated with 
protein-containing medium. Significantly, addition of SDS 
alone to the interferons reduced their activities by between 60 
and 90%, but the residual activity was stabilised in the presence 
of SDS alone. This suggests that interferons can renature to 
some extent from configurations that have cross-linked peptide 
chains, but can renature more efficiently from the linear poly- 
peptide supposedly attained in SDS, urea and mercaptoethanol. 
Alternatively, this could suggest there are two distinct molecular 
species in these interferon preparations and that the major 
component does not renature after treatment with SDS alone, 
but does so if it is unfolded in SDS and mercaptoethanol, while 
the minor component is able to unfold in SDS alone and to 
renature. Since there are no known protein aggregates lipked by 
noncovalent bonds that survive treatment with SDS at 100° C 
for 1 min (ref. 5), this stabilising process allows the determina- 
tion of the molecular species of dissociated, denatured and 
reduced interferons by SDS—polyacrylamide gel electrophoresis 
afid the telativé biological (antiviral as against nonantiviral)® 
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properties resident in the renatured molecular species of 
interferons. 
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Surface H-2 antigen concentration 


requirement of somatic hybrid 
cells for IgM-mediated cytotoxicity 


THE immune response following grafting of allogeneic or 
semiallogeneic cells in the mouse is characterised by the 
development of cytotoxic effector lymphocytes and/or anti- 
bodies which become cytotoxic in vitro in the presence of 
complement. I have studied the kinetics of the humoral 
response in DBA/2 inbred mice injected with semi- 
allogeneic somatic cell hybrids and shown that these hybrid 
cells were unexpectedly resistant to the complement- 
dependent cytotoxic action of antisera from the initial peak 
of the biphasic response. The allogeneic parental cells were 
however highly sensitive to cytolysis under the same experi- 
mental conditions. This serological response seems to be 
directed against the H-2 alloantigens expressed on both the 
allogeneic parental cells and on the semiallogeneic hybrid 
cells derived from it. In my attempts to understand this 
phenomenon, I found that the mouse alloantibodies of the 
IgM and IgG classes have different efficiencies when tested 
in the cytotoxic test on cells having a low H-2 antigen 
concentration on their plasma membrane. 

Sera from the first peak (which extended from days 6-9 
after injection of Y2C hybrid cells exhibited a clear 
cytotoxic effect when tested against the allogeneic parental 
cell Cl 1D (sera 1, Table 1). The mean titre, defined as the 
dilution of serum at which 50% of chromium was released 
into the supernatant, was 1:32. But when labelled Y2C cells 
were the target cells, most of these sera did not liberate 
significantly more chromium than the chromium release 
background. (Background release was measured in controls 
where Y2C cells were incubated with complement alone, or 
with complement and serum from non-immunised DBA /2 
mice). Sera ‘from hyperimmunised mice, however, were 
equally effective against both Cl 1D and Y2C cells. The 
mean titre for Cl 1D was 1:128; for Y2C cells, 1:256 


j (sera 2, Table 1). 


. [his response was directed mainly against the H-2* trans- 
plantation arftigens as was demonŝtrated by immunoabsorp- 
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Table 1 Cytotoxic activity of antisera as a function of antibody size and target cell use 





Antisera Cell injected Immunised H-2 antigens Antibody Target Mean 
group strain against which size cell antisera 
antibodies were titres 
made 
i* Y2C DBA/2 H-2* 19S CIID 1:32 
Y2C < 1:4 
2ł YC2 DBA/2 H-2* 19S 311D 1:128 
. 78 Y2C 1:256 
3 C3H BALB/c H-2* 78 CIID 1 :2,048 
lymphocytes Y2C 1:2,048 
4 DBA/2 C3H H-2* 7S L1210 1 :2,048 
lymphocytes Y2C 1:2,048 
5 (C3H x DBA/2)FI H-2* L1210 1:4 
lymphocytes B10.M H-2° 195 - i D i j 





* Sixteen individual antisera were tested. 

t Produced by nine weekly i.p. injections of 3 x 10° Y2C cells. Sera from eight different mice were tested. = 

For groups 1 and 2 Y2C hybrid clone was derived from the fusion of L1210-R lymphocytic leukaemia cells of DBA/2 mouse origin (H2°) 
(ref. 1) with LM(TK~) C1 ID cells, a subclone of C3H mouse L cell line (H2*) (ref. 2). Cells were fused using ultraviolet-inactivated Sendai 
virus®. The isolation and culture conditions for in vitro growth of the hybrid clones have been described elsewhere*. C1 1D and L1210 parental 
and Y2C hybrid cells were propagated in culture in Dulbecco’s modified Eagle’s medium with 10% heat-inactivated calf serum. The cells (except 
L1210 cells which grew in suspension cultures) were dispersed with 0.02% versene in Dulbecco’s phosphate buffered saline (PBS) rinsed with 
PBS and suspended in Dulbecco’s medium. Three month old DBA/2 mice were inoculated subcutaneously with 3 x 10° viable Y2C hybrid cells 
and bled daily; sera were stored at —20° C until tested. Their activity was measured as complement-dependent cytotoxicity by the chromium 
release test®. One millilitre of a target cell suspension (5 x 10° viable cells mi~*) was incubated at 37° C for 30 min with 200 pCi sodium chromate 
(4Cr) and washed exhaustively with Dulbecco’s modified Eagle’s medium supplemented with 10% heat-inactivated foetal bovine serum. 1 x 10° 
labelled cells were incubated with serial two-fold dilutions of antisera in the presence of rabbit serum (diluted 1:10) as a source of complement, 
in a final volume of 0.25 ml. At the end of the incubation period (1 h at 37° C in a 5% CO, atmosphere), 1.75 ml of ice-cold PBS was added to 
each tube, and after centrifugation, 1 ml of the supernatant was assayed for released chromium in a well-type gamma radioactivity counter. 


As antigen masking by sialic acid may occur in both 
normal] cells and tumour cells", removing sialic acid from 
Y2C cell surfaces by neuraminidase might improve the 
cytotoxic activity of IgM. Five million labelled Y2C hybrid 
cells were incubated with 5 IU of Vibrio cholerae neura- 
minidase (Behringwerke) for 20 min at 37° C in 1 ml of 
PBS (pH 6.5). After washing, the viability was determined 
by trypan blue dye exclusion and cells were assayed for 
susceptibility to 19S-mediated cytotoxic effect. Neura- 
minidase-treated cells became more sensitive to the action 


tion experiments. Some cytotoxic activity remained after 
the absorption of hyperimmunised DBA/2 mice sera with 
C3H mouse splenic lymphocytes; this residual cytotoxicity 
might be directed against the virus-induced antigens on the 
L cell line’, and in hybrid cells in which L cell derivatives 
(C1 1D) were partners’~’. 

The sizes of the antibodies for the initial and second peak 
were studied by fractionating the sera at 4° C on a 
Sephadex G-200 column (1.5:X60 cm) equilibrated with 
PBS. Fractions were concentrated by B 15 Minicon ultra-. 


filtration (Amicon) and tested immediately for cytotoxicity 
against “Cr-labelled cells. Only 19S antibodies could be 
found in the initial peak of the immune response; both 
19S and 7S antibodies of approximately equal cytotoxic 
titres coexisted in the sera from the hyperimmunised mice. 
When tested for sensitivity to 2-mercaptoethanol, the 19S 
fraction completely lost its activity but the cytotoxicity of 
the 7S fraction was only slightly reduced. 

In another experiment, both parental and hybrid cells 
were titred by alloantisera specifically directed against the 
H-2¢ and the H-2* transplantation antigens. Antisera, made 
in BALB/c and C3H inbred mice by hyperimmunisation 
with lymphnode and splenic lymphocytes of C3H and 
DBA/2 origin, respectively, were tested against target cells. 
Fractionation of these sera showed that the bulk of the 
activity was due to molecules of the 7S class. The titres were 
1:2,048 when tested against the lymphocytes used in the 
immunisation. The same high activity was found when titred 
against the allogeneic parental cell and the Y2C somatic 
hybrid (sera 3 and 4, Table I) demonstrating that, in 
accordance with other reports’~°, the hybrid clone expresses 
major histocompatibility antigens of both strains of mice 
from which the parental cells were derived and that Y2C 
cells were very actively lysed by 7S antibodies. Furthermore, 
when those antisera were tested on Y2C cells by the indirect 
immunofluorescence technique, a clear positive reaction was 
observed on 97% of cells. s 

Since some reports have stated that mouse 19S antibodies 
react preferentially with guinea pig complemegt™, the cyto- 
toxic test with sera from group 1 was performed in the 
presence of fresh rat (diluted 1:4) and lyophilised guinea 
pig sera (1:2) as a source of complement. No improvement 
was found in “Cr-release when such complements were used 


instead of rabbit complement. ° ee 
> e 


of IgM (mean titres changed from < 1:4 to 1:8) presum- 
ably as the result of the re-exposure of antigenic deter- 
minants, with the concomitant increase in complement- 
fixing sites. 


La 
© 


"s Lysis with absorbed antiserum 





0.25 0.5 1 2 4 


Number of cells (x 10°) used for absorption 


Fig. 1 Antibody binding capacity of C1 1D and Y2C cells. 
Serum 3, diluted to give a 90-95% cytotoxic activity was 
absorbed with increasing numbers of cells at 37° C for 30 
min and then allowed to stand for 30 min at 4° C. After 
centrifugation, the remaining activity of the supernatant 
was tested against the appropriate sensitive cells. The values 
are based on the results a ts experiments, @, C1 1D; 
» X20 
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When target cells were tested against 19S antibodies from 
adult BIOM inbred mice injected with 8X10" splenic, cells 
of (C3H X DBA/2) F; hybrid mice and bied 4 d after the 
injection, a weak but uniform response was found (sera 5, 
Table 1) the increase in the number of target sites leading 
to an enhanced susceptibility to lysis in Y2C cells. 

The quantitative differences in H-2* antigen concentration 
on the plasma membrane from Cl 1D and Y2C cells were 
then investigated by studying the absorption capacity of 
intact viable cells. Figure 1 shows that the H-2* antigen 
concentration on Cl {D cells was approximately 1.5 times 
greater than on the hybrid cells. Diameters of both cell 
types were measured with an ocular micrometer (200 cells 
of each sample), and the ratio of surface area of Y2C cells 
to that of C1 1D fibroblasts was calculated to be 5:4 (Le. 
20% greater). It seems therefore that the H-2* antigenic 


density on Y2C cells is about 55% of that on the Cl 1D 


plasma membrane, if uniform surface smoothness is 
assumed. ; 

An inverse relationship between the quantitative expres- 
sion of H-2 and tumour-specific antigens has been demon- 
strated by some authors®-*, In somatic hybrid cells it is 
possible that all the antigenic determinants of both parental 
cells are expressed on.the cell surface. In addition to the 
H-2* antigenic complex and the L antigen, Cl 1D express 
some group-specific murine leukemia antigens’. L1210 cells 
may contribute to the Y2C antigenic constitution with the 
H-2° isoantigen complex and also with its tumour-specific 
transplantation antigens’. Thus there is competition for the 
plasma membrane surface in hybrid cells, resulting in a 
topographic exclusion of some antigens. 

As the immune lysis of mouse leukemic cells by IgM is 
a ‘one-hit’ reaction”, the relative resistance of Y2C hybrid 
to the 19S antibody-mediated lysis might be due to the great 
difference between the number of complement-fixing sites 
and lytic sites available on the plasma membrane. In fact, 
3,000 complement ClIfixing sites were necessary to generate 
one lytic site on the surface of a mouse leukaemic cell, the 
IgG being more effective in generating Cl-fixing sites”. The 
restricted expression of H-2 antigens on the surface of Y2C 
somatic cell hybrids seems to be responsible for the lack of 
sensitivity to lysis mediated by IgM antibodies'®. Moreover, 
a critically spaced repeating H-2 determinant on the plasma 
membrane must be required for the inducticn of com- 
plement-dependent cytotoxic effect. 

Thus, caution should be exercised in interpreting results 
of studies carried out with the cytoxicity assay on cell 
populations with a low density of transplantation antigens 
(that is, tumour-specific antigens) on the cell surface. 
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Subunit structure of 
HL-A antigens on cell surface 


THE major human histocompatibility determinants, the HL-A 
antigens, are cell surface markers present on lymphocytes and 
most other nucleated cells (compare ref. 1). Recently, work 
from two laboratories has indicated that HL-A antigens, 
released from the cell surface by means of papain digestion, are 
composed of two polypeptide chains?**. The smaller of the two 
subunits seems to be invariant regardless of the antigenic 
specificity carried by the larger HL-A chain®* and occurs in 
human biological fluids’. 

It had previously been demonstrated that B, microglobulin 
exhibits extensive amino acid sequence homologies with 
immunoglobulin heavy and light chains®* and that Ba micro- 
globulin is an integral part of the cell surface™™8, In a search 
for its function we showed that Ba microglobulin was one of the 
two HL-A polypeptide chains®. Independently, Nakamuro 
et al? demonstrated that the small HL-A chain shared some 
properties with Ba microglobulin. 

Here we present evidence that 8, microglobulin and the 
alloantigenic HL-A chain are physically linked to each other 
on the cell surface of lymphocytes. 

Purified lymphocytes were isolated from defibrinated blood 
by Ficoll-lsopaque gradient centrifugation! :1*, The blood was 
obtained from healthy blood donors with known HL-A 
phenotype. The cells were subjected to the microlympho- 
cytotoxicity test?*® with purified anti-B, microglobulin anti- 
bodies", and cells from all donors were completely lysed regard- 
less of their HL-A phenotype? "18, 

It was argued that if Bẹ microglobulin and the alloantigen- 
carrying HL-A chain are indeed parts of the same molecule, 
antibodies directed against one of the polypeptide chains may 
interfere with the simultaneous binding of antibodies to the 
other chain. The results of experiments designed to test this 
possibility are summarised in Table 1. Fab’ fragments?’ against 
Ba microglobulin could completely and specifically inhibit the 
cytotoxic action of bivalent anti-B, microglobulin antibodies. 
In control experiments, Fab’ fragments against light immuno- 
globulin chains had no effect. Fab’ fragments directed against 
various HL-A determinants could specifically inhibit the cyto- 
toxic action of the corresponding bivalent antibodies but not 
if the anti-HL-A antibodies were directed against some other 
specificity. A number of monospecific anti-HL-A antibodies 
could not caus® lysis of cells that had been pretreated with Fab’ 
fragments agd@inst 8, microglobulin (Table 1), whereas their 
cytotoxic activity was normal when tested against cells treated 
with Fab’ fragments against immunoglobulin light chains. 
Cells derived from a doubly homozygous donor, that is, ex- 
pressing only one serolpgical specificity for each HL-A sublocus, 
were separately treated with Fab’ fragments directed against one 
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Table 1 Effects of Fab’ fragments on the lymphocytotoxic effect of 
anti- B, microglobulin and anti-HL-A antibodies* 


Specificity of Specificity of Cytotoxic 
Fab’ fragments} antibodies effect} 
a ee BM ++ + -f+ 
8, Microglobulin RaM — 
Light immunoglobulin chains BM ++++ 
— — — HL-A-1 F 
HL-A 1 HL-A 1 ~= 
a HL-A 8 E baie SE Da A 
HL-A 8 HL-A 8 —- 
HL-A 1 HL-A 8 ++++ 
aM HL-A 1 — 
Light immunoglobulin chains HL-A 1 +++ +- 
aM. HL-A 8 — 
Light immunoglobulin chains HL-A 8 + + -+ + 
HL-A I BM E E ai 
HL-A 8 BM +++ 
HL-A 1,8 BaM ++ 


* The cells were incubated for 45 min at 37° C in Eagles’ MEM 
with various concentrations of the Fab’ fragments indicated, washed 
three times in the medium before being subjected to the cytotoxicity 
test!®, The concentrations of the Fab’ fragments and the cytotoxic 
antibodies used were chosen such that a two-fold dilution of the 
working solutions notably diminished their blocking or cytotoxic 
activity, respectively. 

+ The target cells usedin the present experiment were from a donor 
homozygous for the HL-A antigenic specificities 1 and 8. In a number 
of identical experiments, results similar to those listed were obtained 
with anti-HL-A antibodies of specificities 2,7,!0,11,27, W10, and 
Wis. 

t Thecells were scored +-+ + if more than 75%, +++ if more 
than 50%, -+ + if more than 25%, + if more than 15%, and — if less 
than 15% of the cells were stained by trypan blue. 


of the two HL-A specificities. A slight but significant reduction 
in the cytotoxic activity of anti-§.-microglobulin antibodies 
compared with untreated control cells was noted. If, however, 
the cells were simultaneously treated with a mixture of Fab’ 
fragments directed against each of the two subloci gene pro- 
ducts, the cytotoxicity was substantially reduced. Thus, B, 
microglobulin and the alloantigenic, larger HL-A polypeptide 
chain are located in close proximity on the cell surface. 

Attempts were made to demonstrate simultaneous redistribu- 
tion of Be microglobulin and the alloantigenic HL-A chain on 
the surface of purified lymphocytes to show that the two poly- 
peptide chains are physically linked to each other. 

Fluorescein isothiocyanate (FITC)-conjugated anti- Ba micro- 
globulin antibodies'® were incubated together with purified 
lymphocytes. Details of the materials used have been described 
elsewhere! and the experimental protocol was essentially that 
of Kourilsky et al.. Anti-B, microglobulin fluorescence was 
present on more than 90% of the nucleated cells (compare 
Table 2). A majority of the cells had patches and a few dis- 
played polar caps. If, however, the FITC-anti-B, micro- 
globulin antibody-treated cells were incubated with goat- 
anti-rabbit immunoglobulin (GARIG) antibodies, rendered 
specific against the Fc portion of the molecule by thorough 
absorption with rabbit Fab’ fragments, more than 70% of the 
stained cells exhibited fluorescent caps. FITC-anti-B, micro- 
globulin Fab’ fragments gave diffusely distributed fluorescence 
both in the absence and presence of GARIG. In control ex- 
periments with use of FITC-rabbit-anti-human immunoglo- 
bulin (RAHIG) antibodies and GARIG treatment, all fluores- 
cent cells showed caps. This cap formation did not, however, 
induce any redistribution of FITC-anti- B, microglobulin Fab’ 
fragments, thus establishing that B, microglobulin on the cell 
surface is quite independent from cell membrane-bound 
immunoglobulins. ? 

FITC-conjugated anti-HL-A antibodies of different specifi- 
cities gave rise to cells exhibiting patches or caps. The cap 
formation was more pronounced in the presence of RAHIG. 
Only diffuse fluorescence was evident on cells treated with anti- 
HL-A Fab’ fragments whether GARIG had been added or nqt.. 

Attempts were. made to Induce patch and cap dormatlon of 


Nature Vol. 249 May 31 1974 


FITC-anti-HL-A Fab’ fragments with successive treatment of 
the cells with anti- B, microglobulin antibodies and GARIG. 
The anti- a microglobulin antibodies, obtained from rabbits 
immunised with free 8, microglobulin, did not cause any redis- 
tribution of the diffuse fluorescence but rather seemed to dis- 
place a large proportion of the fluorescence from the cell 
surface. This could, however, be explained by the above 
results on the inhibition of the anti- Ba microglobulin antibody- 
induced lymphocytotoxicity (Table 1). Anti- 8, microglobulin 
antibodies were therefore obtained from a rabbit immunised 
with highly purified, papain-solubilised HLA antigens and 
isolated by immunosorbent purification". These anti-B, 
microglobulin antibodies together with FITC-anti-HL-A Fab’ 
fragments and GARIG induced caps in all experiments (Table 
2). 
Cells incubated with FITC-anti-8, microglobulin Fab’ 
fragments, obtained from the rabbit anti-HL-A serum, as 
described above, were treated in succession first with anti-HL-A 
antibodies and then with RAHIG. A significent number of 
cells (> 60%) exhibited patches and with some anti-HL-A 
antibodies even caps (Table 2). In all experiments, however, a 
few cells always showed only a diffuse fluorescence. 

These experiments clearly demonstrate that Ba microglobulin 
and the alloantigenic HL-A polypeptide chain are physically 
linked on the lymphocyte surface. 

As the ĝa microglobulin amino acid sequence is highly 
homologous to immunoglobulin light and heavy chains®-*, it has 
been suggested that it is an evolutionary precursor to regular 
immunoglobulin polypeptide chains®. It now seems possible 
that at least part of the alloantigens and the immunoglobulins 
may have arisen from a common evolutionary origin® 2. 

We thank Yvonne Fernstedt and Gun Jönsson for technical 
assistance. This work was supported by grants from the 


Table 2 Effects of various antibodies on the redistribution of the 
antigen-carrying HL-A chain and 8, microglobulin on the cell 


surface. 
FITC-conjugated Additive Appearance of cell surface 
component bound fluorescencef 
Diffuse Patches Caps 
Anti-8,.M antibody ——— + “+ = 
Anti- BM antibody GARIG = + + 
Anti- BM Fab’ — — — T = = 
Anti- B,M Fab’ GARIG F = = 
Anti- RaM Fab’ RAHIG+GARIG $ = = 
RAHIG GARIG — == T 
Anti-HL-A 1 
antibody — mne = + + F 
Anti-HL-A 8 
antibody — aae = F eP Ri 
Anti-HL-A 1 
antibody RAHIG = “+ a E 
Anti-HL-A 8 
antibody RAHIG = "a= za 
Anti- B,M-Fab’ Anti-HL-A 1 antibody + + — 
--RAHIG 
Anti- B.M Fab’ Anti-HL-A 8 antibody + -je + 
+RAHIG 
Anti-HL-A 1 Fab’ Anti- BM antibody — T + 
+GARIG 
Anti-HL-A 8 Fab’ Anti-B.M Antibody  — — + 
+GARIG 


Approximately 2 x 10° cells were incubated for 30 min at 37° C 
in 0.2 mi of Eagles’ MEM containing an appropriate concentration of 
the FITC-conjugated component (1—4 mg ml~™!)}. At the end of the 
incubation period, the cells were washed three times with the medium, 
and examined in a Leitz Ortholux microscope equipped with a HBO 
200 W lamp. The Ploem-type vertical illuminator and immersion 
objectives were used. If further treatment of the cells was required 
they were incubated with antibodies (3-8 mg m1—) in Eagles’ MEM 
for another 30 min, washed three times with the medium, examined 
in the flu@erescence microscope or incubated with GARIG or RAHIG 
(3-5 mg ml~) for another 30 min in Eagles’ MEM before evaluation 
of the cell-surface bound fluorescence, 

+ If mote than 20% of the fluorescent cells showed a certain type 
of distribution of the label, they were seored as positive, 
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Evidence that mitogenic lectins induce 
changes in lymphocyte membrane fluidity 


MITOGENIC plant lectins, such as phytohaemagglutinin 
(PHA) and concanavalin A (con A), are useful tools to 
study the control of cell proliferation in lymphocytes. 
Recent evidence suggests that these mitogenic lectins trigger 
mitogenesis at the cell membrane’. It is likely that an 
understanding of the mechanisms by which these lectins 
stimulate lymphocytes will provide important clues to more 
general problems of the regulation of proliferation ın 
eukaryotic cells. 

A model has been proposed to explain how modulation 
of membrane structure may influence cell growth. This 
model suggests that changes in the fluid characteristics of 
membrane lipids affect a variety of membrane activities*~*. 
Studies in isolated membranes have shown, for example, 
that fluidisation of membrane lipids is associated with 
activation of Na*, Kt-ATPase*. In vitro studies have also 
correlated a fluid state of membrane. lipids in transformed 
cells with high cellular levels of cyclic GMP and lew levels 
of cyclic AMP and ordered membrane lipids in contact 
inhibited cells with low levels of cyclic GMP and high levels 
of cyclic AMP*§-9, 
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Fig. 1 The effect of an optimal mitogenic dose of PHA-P 
(Difco, 7.5 pg ml—*) on the fluidity of the human lymphocyte 
membrane at various times after addition of the mitogen. 


AS= Scontret sey SeHa and S control = 0.52. 


In lymphocytes recent observations suggest that mitogens 
also induce an early increase in levels of cyclic GMP”. This 
nucleotide increases more than ten-fold within 5-20 min of 
the addition of PHA or con A, followed by a decline to 
basal levels within 1 h. Other mitogenic agents such as phor- 
bol myristate acetate’ and high concentrations of insulin’ also 
increase considerably the levels of cylic GMP in lymphoid 
cells. It has been suggested that this increase is part of 
the signal to initiate cellular proliferation. After binding 
of mitogenic lectins other early changes in the plasma 
membrane occur; examples are increased endocytosis" and 
incorporation of orthophosphate into phosphatidyl inositol®. 

According to our membrane model’-5, lymphocyte mito- 
gens which produce a transient elevation of cellular cyclic 
GMP should fluidise membrane lipids. The data reported 
here support this model. 

Human peripheral blood lymphocytes, separated using 
a Ficoll-Hypaque density gradient, were 90% free of con- 
taminating monocytes, erythrocytes and granulocytes. 
Mouse lymphocytes were obtained from CBA/Ht6 strain 
spleen cells which were minced and washed three times 
in buffered saline. The fluid characteristics of the plasma 
membrane of lymphocytes were probed with the spin label 
sodium 6-(4’,4’-dimethyloxazolidinyl~N—oxyl)—heptadecano- 
ate?, A 0.3 mM solution of the label in buffered saline was 
incubated with cells for 30 min at 37° C. The cells were 
then washed five times to remove excess label". The electron 
paramagnetic resonance (EPR) spectra were recorded at 
33° C with a Varian E-3 spectrometer. 

The EPR spectra of the spin-labelled fatty acids in 
natural membranes indicate that the labels have two 
important characteristics: (1) they undergo rapid aniso- 
tropic motion about an axis approximately parallel to the 
fatty acid chain with a correlation time of <<10~7 5324-3 
and (2) they undergo rapid lateral diffusion with a diffusion 
constant of 107'~10-7 cm? s~' (refs 19-22). Since it is im- 
probable that such rapid axial motion or rapid lateral 


* diffusion could occur if the labels were bound to protein, 
ethese characteristics suggest that the labels are in a 


phospholipid bilayer-like environment. While the lateral 
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Fig. 2 The effect of con A (Difco,,3 yg ml’) on the 

fluidity of the plasma membrane of mouse splenic lym- 

phocytes at various times after addition of the Mitogen. 
AS= Scontrol — Con A and Scontro = 0.52. 


diffusion of surface antigens in mouse-human beterokar- 
yons throughout the cell membrane requires about 40 min”, 
that for spin labels of fatty acids should require about 1 5. 

Order parameters, S, were calculated from the EPR 
spectra. Values of S near 1 correspond to an ordered state 
of the membrane lipids while values near 0 correspond to 
a fluid state*. With the label used in this study, a 
AS=0.03 would be equivalent to a change in membrane 
fluidity produced by a 6-10° C temperature change’. 

The data in Figs 1 and 2 clearly demonstrate that treat- 
ment of human peripheral lymphocytes with mitogenic con- 
centrations of PHA and treatment of mouse splenic lympho- 
cytes with mitogenic concentrations of con A produce a 
fluidisation of membrane lipids. Both human and mouse 
lymphocytes showed maximal fluidisation between 15 and 
30 min. The dose-response curve for membrane fluidisation 
also corresponds well with the dose-response curve for the 
mitogenic effect of con A (Fig. 3). In contrast, a nonmito- 
genic lectin, wheat germ agglutinin, had no effect on mem- 
brane fluidity. 
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Fig. 3 The dose-response curves for the mitogenic effects of 
of con A (@) and the membrane fluidising effect of con A 


for a 20 min incubation (O) with mouse splenic lympho- « 


cytes. Mitogenesis was determined by incorporation of °H- 


incubation. . 


thymidine into acid-insoluble precipitate after 72 | h ef 
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Studies are in progress to define precisely the location 
and distribution of the label in lymphocyte membranes, and 
to examine other mitogenic agents to determine whether 
critical membrane fluidisation is a perequisite for mitogenesis 
in general. The data presented here demonstrate, how- 
ever, that only mitogenic concentrations of plant lectins 
produce an early fluidisation of lymphocyte membranes and 
that the time of membrane fluidisation closely parallels 
the increase and decrease of cyclic GMP levels in stimulated 
lymphocytes”, It has been suggested that the increase of 
cellular cyclic GMP levels is a signal for cellular prolifera- 
tion™™ and our data suggests that early membrane fluidisa- 
tion may be equally important in the triggering process. 
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tract from the US Public Health Service and the Minnesota 
Leukemia Research Foundation. 
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Hb K Woolwich 


the cause of a thalassaemia 


IN general terms, heterozygotes for 8 thalassaemia have a 
moderate degree of microcytosis associated with an elevated 
red cell count, a reduced mean celi voume (MCV) and mean 
cell haemoglobin (MCH) and a normal, or near normal, 
mean cell haemoglobin concentration (MCHC). The chief 
diagnostic parameter of the heterozygous state is, however, 
the elevated Hb A; level which accompanies the condition. 
This does not occur in other haemoglobinopathies with the 
exception of those associated with unstabie haemoglobins 
and some heterozygotes for Hb S (ref. 1) and Hb C (ref. 2). 
At the mo.ecmar level 8 thalassaemia is associated with an 
imbalance of globin chain synthesis during erythroid cell 
maturation, as a result of defective @ chain synthesis. The 
extent of the defect parallels the severity of the thalassaemia, 
ranging from a reduction in the amount of product from 
the affected 8 chain locus (8* thal) to no product (@° thal). 
In all cases of B* thal so investigated, the 8 chains produced 
by the affected gene have been industinguisnable from 
normal #4 chains. 

We here preseut evidence which compares the inheritance 
of the Æ chain gene of Hb K Woolwich (Hb KW) with the 
inheritance of a f* thalassaemia. Also, the interaction of 
this thalassaemia with an « thalassaemia is demonstrated in 
a patient of West Indian origin. 

Hb KW, first described in a West Indian family, is a stable 
haemoglobin variant’. Table i gives the pattern of haemo- 
globins in seven heterozygotes for Hb KW characterised in 
this laboratory. The amount of Hb KW is always propor- 
tionately less than the other adult haemoglobin (30-40%) 
and the Hb Az is higher than normal in six of the seven 
cases. The R family (Fig. 1) was available for more detailed 
haematological investigations. The propositus J-1 had the 
classical features of B thalassaemia trait; a moderate micro- 
cytosis and a high Hb A: level in the red cells (Table 1). 
Investigation of the abnormal haemoglobin identified it as 
Hb K Woolwich, although f-chain variants usually exceed 
50% of the total haemoglobin in double heterozygotes for 
B thalassaemia and a -chain variant‘. Nevertheless, the 
pattern was repeated in members of the family who had 
inherited the B** chain gene; they all had high levels of 
Hb A: per red cell (Table 1). The doubly abnormal hetero- 
zygote, (Hb KW+Hb S), IL-3, had an exceptionally high 
Hb A; but the difference can be accounted for by the addi- 
tional inheritance of the S chain gene, which is often 
associated with marginally higher levels of Hb Ae per cell 
than normal! (Table 1). 

The conclusion from these observations is that inheri- 
tance of the EY chain gene is associated with a mild £ 
thalassaemia, that is the B™* chain locus is a 8*** thalas- 
saemia gene. This is the first example of a &* thalassaemia in 
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which the product of the affected locus is distinguishable 
from the normal £ê chain. 

Since the normal course, in suspected cases of thalas- 
saemia, is an investigation of the in vitro biosynthesis of the 
globin chains, a reticulocyte-rich preparation of red cells 
was obtained from the blood of the propositus. The results 
of in vitro incorporation of *“H-leucine into the 24, 84 and 
BEY chains isolated from the whole globin of these red cells 
are summarised in Fig. 2. The incorporation of radio-isotope 
into all chains was linear over the incubation period of 60 
min. The total incorporation of *H-leucine into the BS“ 
chain was always much less than into the £4 chain and 
averaged less than 50% of the incorporation into the /4 
chain (Table 2). The amount of Hb K Woolwich found in 
the blood of the propositus is therefore an accurate reflec- 
tion of the amount of this chain synthesised during ery- 
throid cell maturation. This fulfills another criterion 
required by the definition of £ thalassaemia; namely the 
demonstration of defective synthesis of globin chains by 
one of the 8 chain loci. 





Table 2 In vitro biosynthesis of a, B4 and B** chains in 
reticulocytes from propositus 


Incubation Time (min) 3 6 9 15 30 60 Mean 


BEY | Ba + BEY 0.29 0.36 0.34 0.31 0.30 0.30 0.30 
aê j BA 1.30 1.20 1.20 1.10 1.00 1.10 1.20 
aê / BA + BEY 0.93 0.80 0.78 0.79 0.73 0.74 0.79 


The ratios correspond to the relative amounts of each chain 
synthesised based on the total incorporation of *H-leucine into the 
individual chains during in vitro incubation of the reticulocytes. 


A correlation between the mutation in the 85 Woolwich 
chain. 8 132 (H10) Lys-Gln and the lesion responsible for 
the amount synthesised is important since this could con- 
firm the predictions on one possible cause of £ thalassaemia 
based on a “structure-rate hypothesis’*. There are several 
observations in favour of this explanation: (1) Hb K Wool- 
wich is the only known haemoglobin variant resulting from 
a mutation at H10 Lys; (2) with the exception of the frog, 
where it is alanine, in a}! species so far examined, lysine 
(H10) is an invariant residue in all «, f and myoglobin 
chains®’; and (3) a myoglobin variant has been character- 
ised in which H10 Lys is replaced by a residue of aspara- 
gine and the amount of the myoglobin variant in muscle 
extracts is approximately 30% of the total myoglobin’, 

It is possible that the tRNA coding for the 8 H10 gluta- 
mine is in short supply. This would introduce a partial 
block at position H10 and decrease the rate of translation 
of the 8 chain mRNA by the ribosomes. This possibility 
was investigated by comparing the rate of assembly and 
termination of the 8“ and 8** chains by a modification of 
the method of Dintzis® (Table 3 and Fig. 3). From Fig. 3, 





Table 1 haemoglobin pattern and haematological data of the R family and other heterozygotes for Hb KW 





% Total haemoglobin 
Case 

Hb KW HbS Hb A, Hb F 
TG 39.2 — 4.8 — 
IB 40.9 — 2.7 — 
T 37.2 — 3.8 — 
RI-i 28.4 — 5.1 0.7 
RI-2 — 32.4 3.1 0.7 
RII-1 — — 2.9 0.6 
RII-2 38.0 — 4.1 1.8 
RII-3 40.0 54.2 52 0.6 
RII-4 34.2 — 3.9 e 
Normal range 2.5-3.5 < 0.8 


Haematological data 
Hb RBC MCH MCV Hb A, 
(g per 100 ml) (x 108 p1~) (pg) (fi) (pg per cell) 
14.3 , 6.2 23.1 69 1.2 
16.0 5.9 26.6 77 0.9 
15.1 6.6 22.6 69 0.7 
13.2 °” 4.8 27.4 79 13 
16.0 * 7.0 22.6 66 1.2 
16.3 5.6 28.6 81 1.1] 
0.75 (ref. 4) 


RAD ATE SE ee eA eG An TETRA Sx OREGON E NT ene ETE ae Seem ne rae ROR Ma eR tea 
The haemoglobins were quantitatively estimated by DEAE SephadeX chromatography. Globin prepared from Hb KW (ref. 6), was 
separated into the individual chains by ton exchange chromotography on CM 23 cellulose”. The B* chain was characterised as B132 (H10) 
Lys-Gln by fingerprinting the trypticpeptides, elution, hydrolysis and amino Acid analysis of the abnormal peptide®. Haematological data were 
obtained from a Coulter S counter. j 
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Table 3 Specific activity of leucine residues in the tryptic peptides of the B+ and B®” chains after 6 and 9 min incubation with *H-leucine 


Tryptic 3H-leucine content 


12C-leucine content 


Specific activity 


peptide (d.p.m.) (nmol) d.p.m. per 
(Tp) 100 nmol 
BAG BEW6 BA9 pEY9 BAG BEWG B49 BkW9 BAG BXW6 BA9 pEY9 
1 (i) 70.9 49,3 100.2 52,5 129.4 97.4 104.9 58.6 54.8 50.6 95.5 89.6 
2 a — 76,3 76.6 70.9 — 139.9 82.4 75.8 —- 54.5 93.0 93.5 
3 (i 80.3 83.1 170.3 — 144.7 144.3 174.7 — 55.5 575 97.5 — 
4 (2) 90.3 — —— 96.2 161.1 a — 106.8 56.1 — — 90.1 
5 a 86.7 52.5 92.8 80.4 157.9 93.6 97.9 84.2 54.9 56.1 94.8 95.3 
9 (4) 256.2 153.7. 252.5 218.5 444.6 257.3 267.2 236.8 57.8 59.7 94.5 92.3 
11 — 61.7 110.7 — — 99.1 112.4 — — 62.3 98.5 — 
12a (2) 103.7 — 142.3 64.5 177.6 = 141.6 67.9 58.4 — 100.5 95.0 
12b (i 74.0 59.8 110.3 66.8 125.3 97.9 115.3 68.9 59.1 61.1 95.7 97.1 
144 (i 60.3 24.2 43,3 64.7 97.9 38.1 45.5 67.2 61.6 63.5 99.5 96.3 
Blanks 1 11.7 11.6 11.8 12.1 _ — — — 
2 11.1 12.1 11.7 11.9 — m ~— = 
3 12.3 11.9 11.9 12.2 = — — — 
Background 11.5 133 11.3 11.7 





Experimental data are given in Fig. 3. In column 1, the numbers in parentheses refer to the leucine residues expected in each peptide. Blanks 
were obtained from three different areas in each fingerprint. 


the computed values of the specific activities of the N- 
terminal and C-terminal amino acids of both chains are 
approximately the same after 6 and 9 min incubation of 
the reticulocytes with *H-leucine. Therefore, the rate of in- 
corporation of isotope into the N-terminal residue relative 
to the C-terminal residues is the same for both chains, indi- 
cating no reduction in the rate of assembly or termination 
of the £ chain as a result of the mutation. Other mechanisms 
by which the amount of gene product could be reduced 
are a decreased rate of initiation of B®” chain synthesis on 
the mRNA and a decreased amount of available mRNA as 
a result of either instability of the mRNA, or a reduced 
rate of transcription of the abnormal locus. The available 
data on translation and transcription in eukaryotes do 
not offer any reason why a change of nucleotide at this 
position of the structural gene should result in a reduced 
amount of product. If we speculate, however, and there is a 
precedent in known tRNAs (ref. 6) that mRNA normally 
assumes a Stable secondary structure dictated by the nucleo- 
tide sequence, then there is a mechanism by which initiation 
of mRNA could be responsible for the low levels of B®”. For 
example, the nucleotide sequence around the codon for 
8 132 (H10) lysine could be important in the maintenance 
of the proposed secondary structure of the mRNA, such 
that the initiation codon (AUG) was freely available for 
reaction with the available ribosomal subunits. The nucleo- 
tide change responsible for the mutation Lys~Gln, that is, 
the transversion A-C, could conceivably alter the secondary 
structure sufficiently to make the initiation codon less avail- 
able for interaction. By the same argument, the normal 
codon could also be involved in the maintenance of a stable 
secondary structure which contributes to the protection of 
the mRNA during transport from the nucleus. Then the 
transversion (A-C) could so reduce the stability of con- 
figuration that the normal amount of mRNA is prevented 
from reaching the cytoplasm and the ribosomes. 
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Fig. 2 In vitro incorporation of *H-leucine into the a, B 
and XW chains of the propositus. Reticulocyte-rich red cells 
prepared from the blood of the propositus? were pre- 
incubated for 15 min at 37° C in the medium of Lingrel 
and Borsook®, 250 «Ci *H-leucine (0.007 umol were added 
and samples of cells removed at time intervals from 3-60 
min then added to a ten-fold excess of ice cold isotonic 
saline. The cells were washed several times, lysed and the 
haemolysate added directly to acid acetone at —20° C. The 
globin chains from 100 mg whole globin samples were 
separated on Whatman CM23 cellulose using a linear 
gradient of Nat in 8 M urea!’ pH 6.7. The protein fractions 
corresponding to the az, and B** chains were pooled 
separately and dialysed against 4x10 10.5% formic acid. 
The total volume of each solution was measured by weight 
and aliquots were added to 15 ml of scintillator solution 
(Triton X100, 500 ml; toluene, 1,000 mi; PPO 5 g) (ref. 14) 
and counted in a ‘Tracerlab Coru Matic 200’ liquid scin- 
tillation spectrometer. a, a chain; b 84. chain; c B®*¥ chain. 


The propositus J-1 had the additional complication that, 
besides the signs of a 8* thalassaemia, the overall imbalance 
in glo Bin synthesis (2:8) was the result of a deficiency in 
a chair? production (Table 2). The ratio 24/84+ 8=* was in 
the range associated with silent « thalassaemia. Since the 
results have shown an absolute decrease in the amount of 
product from one £ locus, however, it seems that she might 
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Fig. 3 Comparison of the rates of assembly of the BA and 

BX” chains. The gradient of radioactivity in the glohin 

chains after 6 (®) and 9 (M) min incubation with °H- 

leucine. The method used has been described previously” 
a, BS Woowieh chain; b, B4 chain. 


have a compensated z thalassaemia; z thalassaemia, p”: 
thalassaemia. The haematological data for her son H-I 
(Table 1) indicated that he has inherited the z thalassaemia 
gene but, as yet, he has not been available for in vitro bio- 
synthetic studies. On diagnosing « thalassaemia, iron 
deficiency has to be considered. The serum iron levels in this 
family were all slightly low with a total serum iron binding 
capacity in the higher range of normal. As they were all 
Similar, one would not expect this to lower the Hb A» in 
II-l and not in the others; x thalassaemia in association 
with 8 thalassaemia has been described"-". The results from 
the propositus are similar to those described in one family 
of Italian origin". The amount of Hb KW in the cells of 
the propositus is lower than in either of her children, but it 
is recognised that an z thalassaemia can reduce the propor- 
tion of an associated 8 chain variant’. As the results of the 
in vitro biosynthetic studies do not implicate assembly or 
release of the completed chains as a possible point of inter- 
action, it is difficult to understand at what other step in 
biosynthesis a deficiency of x chains could produce this 
effect, unless at the level of initiation. 

Usually (though not invariably) f> thalassaemia is associ- 
ated with typical haematological features and these are not 
seen here. Of the important criteria of thalassaemia, the 
two found with Hb K Woolwich are the reduction of ß- 
chain synthesis and raised Hb A». 
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Effect of 8-N-oxalyl-L-c, 8-diaminopropionic 
acid on glutamate uptake by synaptosomes 


THe unutu?l amino acid §-N-oxalyl-L-2,8-diaminoprop- 
ionic acid (ODAP), isolated from the seeds of Lathyrus 
sativus is a potent neurotoxin’, It produces biochemical 
changes in the brain typical of an excitant amino acid and 
is impticated in the aetiology of human neurolathyrism 
caused by eating the seeds of L. sativus‘~*. It may act as 
a g‘utamate antagonist: ODAP inhibits glutamate oxida- 
tion’ possibly by inhibiting glutamate uptake in bovine brain 
mitochondria; it also acts as a competitive inhibitor of 
glutamate uptake in certain strains of yeast®, and a similar 
process might occur at the synaptic level. Any effect of 
ODAP on glutamate uptake at synapses is significant in 
view of the neurotransmitter function of glutamate, which 
seems to be neuroexcitory as well as neurotoxic", But 
Balcar and Johnston” have shown with.rat brain slices that 
ODAP does not inhibit the glutamate uptake by the high 
affinity system. 

The high affinity uptake of amino acids such as gluta- 
mate, aspartate, glycine and y-aminobutyric acid by nervous 
tissue slices and homogenates reflects at least in part their 
accumulation by the nerve terminals", We have studied 
the in vitro effect of ODAP on glutamate uptake by 
synaptosomes isolated from the brain of 12-day-old rats 
and from monkey spinal cord. We chose these tissues 
because ODAP produces convulsions in young rats when 
injected intraperitoneally and precipitates hind leg para- 
lysis in monkeys when introduced into the cerebrospinal 
fluid through the lumbar route’~*, 

Synaptosomes were isolated from the whole brain of 
rats by the procedure of Eichberg et al.” except that the 
P2 pellet was isolated by centrifuging the P, supernatant 
at 7,000e for 30 min instead of at 10,000e for 1 h. This 
modification by Levitan er al. results in a purer prepara- 
tion of synaptosomes. Synaptosomes were isolated from the 
monkey spinal cord by the procedure described! for the 
guinea pig spinal cord. Two distinct synaptosomal bands, 
seen at 1.0-1.2°and 1.2-1.4 M sucrose after density gradient 
centrifugation, in a SW25-1 rotor for 2 h, were 
collected. These synaptosomal fractions were diluted to 
0.4 M and the pellet collected by centrifugation at 15,000¢ 
for 20 min. It was used for amino acid uptake studies, 
conducted essentially according to Peterson and Raghu- 
pathy” (Figs 1-3). The integrity of synaptosomes were ascer- 
tafned by measuring the lactic dehydrogenase activity of the 
samples” and demonstrating thaf very little radioactivity 
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was retained on the filter when the samples after incubation 
were lysed with water before filtration. 

Synaptosomes isolated from rat brain showed a typical 
biphasic uptake pattern for glutamate (Fig. 1). The low 
and high affinity uptake systems were characterised by Km 
values of 5X10™°M and 2.5X10-°M respectively. We did 
not take into account glutamate in the synaptosomal prep- 
aration but the Km values obtained were similar to those 
reported for glutamate uptake in rat and cat nervous 
tissues****, Addition of ODAP at 10-°M concentration 
produced around 15-20% inhibition of glutamate uptake 
by the low as well as high affinity systems. The Lineweaver— 
Burk analysis of the data indicates a noncompetitive type 
of interaction (Fig. 1). The pattern remains essentially 
the same at ODAP concentration of 5X10-°M or 107M. 

Monkey spinal cord synaptosomes also exhibited a bi- 
phasic pattern of glutamate uptake with Km values of 
1.2xX10°M and 0.5107 for the high and low affinity 
uptake systems respectively (Fig. 2). Similar results have 
been reported for rat and cat spinal cord slices and 
homogenates**, Addition of ODAP to the incubation 
medium showed a competitive inhibition of glutamate 
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Fig. 1 Effect of ODAP on the uptake of glutamate by 
young rat brain synaptosomes. Synaptomes (200 zg protein 
mi~) were incubated with 0.25 aCi of -C -glutamate 
(99 mCi mmol-') mixed with unlabelled t-giutamate to 
give the required concentration in a final volume of 1 ml. 
Incubation were carried out in 5 ml conical flasks at 37° C 
for 3 min in a Dubnoff shaker. The medium composition 
was: 10 mM Tris; 150 mM NaCl: 15 mM MgC}, adjusted 
to pH 7.4. Reactions were started by the addition of synap- 
tosomes. All incubations were terminated by the addition 
of 2 ml of ice cold medium followed by quantitative transfer 
to and washing with 30 volumes of the same buffer over 
Millipore filters (0.45 um HAWP). The dried filters were 
then counted in 10 mi of Cocktail (0.5% PPO (w/v) in 
Toluene) in a Beckman LS-100 scintillation counter. v is 
expressed as nmol glutamate taken up per mg protein per 
3 min. a, Low affinity uptake; b, high affinity uptake, O-—O, 
Control uptake; A—A, aera in the presence of ODAP ° 
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Fig. 2 Effect of ODAP on glutamate uptake by monkey 

spinal. cord synaptosomes. Conditions of incubation as in 

Fig. 1. O—©O, Control uptake; A--A, uptake in the 
presence of ODAP (107*M). 


uptake by the high affinity uptake system. ODAP has 
practically no effect on the low affinity uptake of glutamate. 

We examined the specificity of ODAP action by study- 
ing its effects on glycine uptake, since a high affinity 
uptake system for this amino acid has been shown to 
exist only in the spinal cord preparations but not in those 
of the cerebral cortex of rat and cat. We found 
that a biphasic pattern for glycine uptake also exists in 
the monkey spinal cord synaptosomes, but ODAP has 
very little effect on either the low or high affinity uptake 


of glycine (Fig. 3). 
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Fig.3 Effect of ODAP on glycine uptake by monkey spinal 
cord synaptosomes. Conditions of incubations as for gluta- 
mate (Fig. 1) with the following modification. The medium 
had ereduced NaC1 (125 mM) but with additional KCI 
(25 mM). 2Ci of 2-“C-glycine (27 mCi mmol-) was 
used €n combination with unlabelled glycine to give the 
required concentrations in a final volume of 1 mil. v is ex- 
pressed as nmol glycine taken up per mg protein per 3 
min. O-—-O, Control uptake; A—A, uptake in the presence 
of ODAP (10-*M). 
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ODAP does therefore inhibit glutamate uptake by 
synaptosomes isolated both from young rat brain and 
from monkey spinal cord. The lesser potency of ODAP 
and the type of interaction observed in the rat brain 
synaptosomes might be a species characteristic or could be 
due to the presence of a more heterogenous population of 
synaptosomes, with affinity uptake systems for transmitter 
amino acids different from the monkey spinal cord. The 
localisation of glutamic and aspartic acids in synaptosomes 
separable from synaptosomes storing other amino acids 
has been reported”, 

The high affinity uptake system of synaptosomes is rec- 
ognised to be important for the removal of amino acid 
transmitter from the synaptic environment", Inhibition 
of this uptake, even the 15-20% inhibitory effect of ODAP 
seen for the rat brain synaptosomes, could be significant 
because of the extremely low concentration of glutamate 
required to cause excitation”. It is also interesting that 
ODAP inhibits glutamate uptake but not glycine uptake 
in monkey spinal cord synaptosomes. Since glycine is an 
inhibitory transmitter at the spinal cord level, these results 
could mean that the effects of ODAP in causing convulsions 
in young rats and hind leg paralysis in monkeys are primarily 
neuroexcitory, and are possibly mediated by glutamate. 
We have observed similar results with regard to the uptake 
of L-aspartate (unpublished results). Furthermore, ODAP 
administered in vivo to young rats is localised in synapto- 
somes and can cause the release of excitory amino acids 
from synaptosome preparations (manuscript in preparation). 

These studies were supported by the US National Insti- 
tutes of Health. This paper is dedicated to the memory 
of Professor P. S. Sarma and Dr P. S. Cheema, Department 
of Biochemistry, Indian Institute of Science, Bangalore. 
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Quasi morphine-abstinence syndrome 


ASSUMING that morphine induces dependence in response to 
continued interaction of the drug with an unidentified bio- 
chemical process of neurones, then suitable pharmacological 
manipulation might produce a paradigm of the morphine 
abstinence syndrome in experimental animals not exposed 
to any opiate. If so, the way in which such a quasi-abstinence 
syndrome was produced might throw light on the endogenous 
biochemical process involved?. 

In attempting to produce a quasi-abstinence syndrome, we 
used theophylline, naloxone and 5-hydroxytryptophan (S-HTP). 
Theophylline was used because. it inhibits the phosphodi- 
esterase of rat brain? and would therefore preserve brain cyclic 
nucleotides and because theophylline or cyclic 3’, 5’-adenosine 
monophosphate (cyclicAMP) intensifies morphine dependence 
in mice*, Naloxone was used because it has been shown to 
produce an abstinence-like effect in ileum isolated from naive 
guinea pigs’. 5-HTP was used because the ileum from mor- 
phine-treated guinea pigs responded more intensely to the 
product of its enzymatic decarboxylation, 5-hydroxytrypta- 
mine (5-HT), than did ileum from naive animals’. 

Male albino rats were treated orally with theophylline 
(100 mg kg) in 20% w/v gum acacia or with the vehicle. 
At either 1 h or 1.75 h later, rats received 0.9% w/v NaCl in 
water (saline) subcutaneously or intraperitoneally, or 5-HTP 
(200 mg kg?) in saline intraperitoneally, according to the 
treatment schedule. Two hours after the first treatment with 
theophylline or vehicle, animals were challenged with a sub- 
cutaneous injection of either naloxone hydrochloride (10 mg 
kg“) in saline; saline; diamorphine hydrochloride (heroin) 
(1 mg kg”) in saline; or heroin (1 mg kg™) + naloxone hydro- 
chloride (0.2 mg kg) in saline. For 15 min after challenge 
the behavioural responses of the rats were recorded by ob- 
servers who did not know what treatment each animal had 
received, as previously described®. Before each treatment and 
at the end of the observation period rats were weighed. For 
comparison, morphine dependence was induced with a single 
subcutaneous injection of a sustained-release emulsion con- 
taining 150 mg kg morphine and abstinence effects were 
observed 24 h later after subcutaneous challenge with 1 mg 
kg naloxone®. The incidence of responses was expressed as 
the presence or absence of a response in each animal observed. 
Weight changes were transformed into percentages and group 
comparisons were made using the Mann-Whitney U test. 
Comparable weight changes were not available for rats exposed 
for 24 h to the sustained-release morphine. For all other 
responses, probabilities were computed by means of the 
Fisher’s exact probability test for a 2x2 contingency table. 
Weights of drugs are expressed as weights of active base. 

Table 1 summarises the responses of rats to the various 
treatment schedules used. Comparison of responses to theo- 
phylline and vehicles with those to vehicles alone shows that 
theophylline gignificantly increased the incidence of eight 
responses — irritability to touch, diarrhoea, ptosis, body 
shakes, headeshakes, rearing, restlessness and weight loss. 
Naloxone alone increased the incidence of only two of these 
responses, irritability to touch and weight loss, as compared 
with controls receiving vehicles; but, after theophylline, 
naloxone produced a significantly higher incidence of four 


_further responses (compared with theophylline alone), namely 


jumping, teeth chattering, irritahkility to handling and paw 
tremor and increased the significance of rearing and restlessness. 
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Table 1 Production of abstinence-like responses in rats by theophylline, 5-hydroxytryptophan and naloxone, without exposure to opiate. 


Response % incidence of responses after treatment schedule 
(a) (b) > (c) (d) (e) (f) (g) (h) 

V+V+V V+V+N T+V+V T+V+N V+HP+V T+HP+V T+HP+N M+N? 
Jumping 3 0 4 22abcef 0 0 8 64 a-g 
Teeth chattering 8 16 17 2abef 4 4 19 75 a-g 
Irritable to touch 3 36a 35a 31a 23a SOaeh S8adeh 17 
Irritable to handling 33 56 50 67 a 65a 62a T3a 69 a 
Diarrhoea 25 32 48a 44 50a 38 3] 89 a-g 
Chewing 33 32 52 44 35 46 46 83 a-g 
Ptosis 33 37d 6lad 25 54 54 46 T2adg 
Body shakes 3 0 35abefeg 17b 4 4 8 33abefg 
Head shakes 44 64 83aefh TSaef 42 64 T3aef 58 
Paw tremor 0 0 13 l4a 0 4 4 33abcdefe 
Rearing 75e 84 e 94 ae 100 ae 46 88 e 100 ae 100 ae 
Restlessness 44e 36 Tlabe 83abe 19 88 abe 92abec T4abe 
Mean % weightloss 0.6 1.6a 1.9a@ 2.34 0.8 1.8ae 1.9ae NT 
Maximum no. ofrats 36 25 46 36 26 26 26 36 
Mean total 25.3 32.8 46.9 45.8 28.5 41.8 46.5 63.9 


V, Vehicle corresponding with drug; N, naloxone, 10 mg kg subcutaneously (s.c.); N?, naloxone, | mg kg s.c.; 

T, theophylline, 100 mg kg™ orally; HP, 5-hydroxytryptophan (5-HTP) 200 mg kg* intraperitoneally; 

M, morphine, 150 mg kg™ s.c. in a sustained-release preparation; NT, not tested. 

After pretreatment with theophylline, or vehicle (2 h), saline (1 h) or 5-HTP or vehicle 15 min previously, rats were challenged with vehicle 

or naloxone. After pretreatment with morphine 24 h previously, rats were challenged with naloxone. Responses were recorded during 

15 min after challenge. Letters a-h in the body of the Table indicate comparisons between columns where a significantly greater effect 
was found; where the letter is italic, P <0.01, where it is not, P < 0.05. 


5-HTP and vehicles, compared with vehicles alone, produced 
an Increased incidence of three responses -— irritability to 
touch, irritability to handling and diarrhoea, but reduced the 
incidence of rearing and restlessness. Theophylline, 5-HTP 
and vehicle gave a significantly increased incidence of irrit- 
ability to touch, rearing, restlessness and weight loss com- 
pared with 5-HTP and vehicles. Treatment with theophylline, 
5-HTP and naloxone gave a significantly increased incidence 
of six of the thirteen responses recorded compared with 
vehicles alone. 

Table 1 also gives the abstinence effects observed in a similar 
way after withdrawal of morphine, precipitated with 1 mg kg“ 
naloxone, 24 h after administration to rats of a sustained- 
release preparation of morphine. The incidence of many of 
the responses is still higher than after theophylline, 5-hydro- 
xytryptophan and/or naloxone. 





Table 2 Blockade by heroin of behavioural responses of rats to 
theophylline and removal of blockade by naloxone. 


Response % incidence of responses 
after treatment schedule 
a b c 
l T+V+Vi T+V+H £T+V4+(H+N) 
Jumping 0 10 20 
Teeth chattering 0 0 10 
Irritable to touch 50 b 0 50 b 
Irritable to handling 70b 10 70b 
Diarrhoea 80 b 10 50 
Chewing 70b 0 30 
Ptosis 70b 20 40 
Body shakes 10 0 10 
Head shakes 90 b 0 90 b 
Paw tremor 10 0 0 
Rearing 90 b 20 100 b 
Restlessness 90 b 0 100b 
Mean % weight loss 1.8 1.5 1.6 
Maximum no. of rats 10 10 10 
Mean total 52.5 5.8 47.5 


T, theophylline, 100 mg kg™ given orally at ô h; V, saline, 

10 ml kg™ given subcutaneously (s.c.) at 1 h; V? saline s.c. H, 

heroin, 1.0 mg kg? s.c. or H + N, heroin | mg kg? + nal- 
oxone, 0.2 mg kg? s.c.at 2 h. Other details as ‘In Table 1. 


Table 2 summarises experiments in which heroin (1 mg kg) 
was tested as an inhibitor of responses intluced by theophyllifie’ 
Heroin largely suppressed the quasi-abstinence effects. Nal- 


oxone (0.2 mg kg) was found to overcome this inhibition by 
heroin. 

Of the various treatment schedules, theophylline with 
naloxone produced the closest resemblance to a true morphine 
abstinence syndrome (Table 1); but the presence of theophy- 
line in any schedule led to a high incidence of several quasi- 
abstinence responses. 5-HTP produced some behavioural 
responses resembling those of abstinence, but these were 
fewer than with theophylline. The results of treating naive 
rats with theophylline resembled in four ways the abstinence 
syndrome during morphine withdrawal without precipitation 
by an antagonist: first, many of the same responses increased 
in incidence; second, naloxone increased the incidence of 
responses in both conditions; third, heroin lessened the in- 
cidence of responses; and fourth, naloxone antagonised this 
effect of heroin. We therefore apply the term ‘quasi-abstinence 
syndrome’ to the behavioural state produced in the naive rat 
by theophylline. 

The ability of theophylline to produce quasi-abstinence 
effects indicates that cyclic nucleotides may be involved in 
morphine dependence. This accords with the findings that 
cyclic AMP or theophylline antagonised the antinociceptive 
effect of morphine in the rat?® or mouse® and enhanced 
tolerance and dependence in the mouse’, although other cyclic 
nucleotides were inactive. This observation is consistent with 
the suggestion® that the raised level of protein kinase found 
in rat brain after morphine withdrawal! may contribute directly 
to the signs of abstinence. 

The contribution of 5-HTP to the quasi-abstinence syndrome 
reinforces a comment made some years ago?®. Also, it is con- 
sistent with the finding that the ileum isolated from morphine- 
tolerant guinea pig is more responsive to 5-HT than is normal 
ileum’. That 5-HT inhibits noradrenaline stimulation of adenyl 
cyclase, makes plausible an association between this effect 
of 5-HT and a cyclic AMP mechanism. 

In vive studies alone cannot determine the precise mechanism 
of action of a drug, but they can indicate where this mechanism 
should be sought. The present studies have indeed pointed to 
a further exploration of the interaction of morphine with cyclic 
nucleotides; and it has been reported that morphine potently 
antagonises the activation by PGE, or PGE, of cyclic AMP 
formation by rat brain or intestine homogenate™. It therefore 
seems possible that morphine tolerance and dependence may 
arise through compensatory changes in processes related to 
this PGE — cyclic AMP interaction. 
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Neurotrophic control of 
colchicine effects on muscle? 


COLCHICINE, a substance known to block axonal transport?!’?, 
has been reported to mimic the effects of denervation on 
mammalian skeletal muscles*~*. These effects, which include an 
increased extrajunctional sensitivity to acetylcholine (Ach) and 
a fall in resting membrane potential, occur a few days after 
colchicine is applied locally to the nerve in doses that do not 
seem to interfere with nerve impulse conduction, neuro- 
muscular transmission, or muscle tension evoked by stimula- 
tion of the nerve? ~=, It seems, therefore, that denervation-like 
changes may bé induced in the presence of normal muscle 
activity and this suggestion is supported by experiments reported 
here in which the diaphragms of rats with apparently normal 
respiration became supersensitive to Ach after injection of 
colchicine into one of the legs (mean extrajunctional Ach sensi- 
tivity of 22 fibres from three rats was 4.6 mV nC~, range 0-30 
mV nC~). It has been suggested that colchicine produces these 
changes in muscle by blocking some component of axonal 
transport, thus interfering with the neurotrophic control of 
muscle***. Colchicine also has a systemic effect5, however, and 
its effect on muscle might be direct and occur independently of 
any of its effects on nerve. Here I examine this possibility. 

The experiments were performed on young white rats each 
weighing about 200 g. The sciatic nerve was resected-on one 
side, and two platinum stimulating electrodes were implanted in 
the denervated leg, one on each side of the soleus muscle. After 
waiting 1 d for neuromuscular transmission to fail and degenera- 
tion of motor nerve terminals to begin®, the muscle was stimu- 
lated directly by intermittent trains of stimuli at 10 Hzantil the 
acute experiment. Such stimulation largely prevents the 


development of Ach supersensitivity-in denervated muscle’. . 


Because colchicine is reported to have its greatest effect on 
muscle after 4 d (ref. 4), it was injected (3.5 ul of a 0.2 M 
solution) intramuscularly high in the thigh 4 d before the acute 
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experiment. -Fourteen days after denervation, the soleus muscles 
were removed from both sides and placed in a chamber super- 
fused with oxygenated rat Ringer’s solution at room tem- 
perature. Both the resting membrane potential and the sensi- 
tivity to electrophoretically applied Ach were examined in 
single muscle fibres by conventional techniques®. Control 
animals were similarly treated but received no colchicine; in 
some of these controls, the unstimulated soleus muscle was also 
denervated. 

Four days after the injection of colchicine, the mean extra- 
junctional Ach sensitivity of fibres with intact innervation (61 
fibres, six muscles) was 3.2 mV nC~ (range 0.2-14.3 mV nC~™) 
(Fig. la, open columns). A similar sensitivity and distribution 
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Fig. 1 Extrajunctional Ach sensitivity of soleus fibres from in- 
nervated (open columns), denervated stimulated (striped 
columns) and denervated muscles (solid columns). Denervation 
lasted 14 d. Stimulation took place from day 2 to day 14 after 
denervation. ‘Ach sensitivity was measured in vitro at 2 mm from 
the myotendinous junction and is expressed as mV depolarisation 
per'nC charge passed through a micropipette containing 3 M 
AchCl. Bec&use the supersensitivity following either denervation 
or colchicine treatment is approximately equal along the 
membrane lying between the endplate and the myotendinous 
junction®®, these values may be taken as representative of the 
average extrajunctional sensitivity for the whole fibre. a, 270 pg 
. Colchicine injected igtramuscularly high in the thigh on day 10, 
that is 4 d hefore the Ach-sensitivity was tested; b, no colchicine 
was given. 
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about the mean (3.2 mV nC7—, range 0.1-15.0 mV nC, exclud- 
ing one fibre with 57 mV nC~) was found in denervated stimu- 
lated soleus fibres (66 fibres) from the opposite leg of the same 
animals (Fig. 1a, striped columns). In the absence of colchicine 
the same stimulation largely blocked the supersensitivity of 
denervated fibres (70 fibres, five muscles) so the majority of 
these were insensitive or only very weakly sensitive (Fig. 1b, 
striped columns) and were indistinguishable from normal fibres 
(Fig. 15, open columns). In two of the five denervated stimu- 
lated muscles, a few fibres had a higher sensitivity than normal. 
These fibres generally occurred in small groups clearly separated 
from the insensitive or weakly sensitive fibres in the same 
muscle. Their high sensitivity may, therefore, be caused by 
inadequate stimulation or local injurious effects of the stimula- 
tion’. Incontrast, denervated but unstimulated fibres (27 fibres, 
three muscles) were all highly sensitive with a mean sensitivity 
of 250 mV nC (range 50-525) (Fig. 15, solid columns). It 
seems that colchicine raises the Ach sensitivity of both in- 
nervated and denervated stimulated fibres to about the same 
extent. 

Colchicine had a comparable effect on resting membrane 
potential. Both innervated and denervated stimulated soleus 
fibres exposed to colchicine had similar relatively low mean 
resting membrane potentials; 67.4 + 4.8 mV (mean + s.d.) 
and 67.5 + 4.2 mV (mean + s.d.), respectively. In the absence 
of colchicine the corresponding values were higher: 70.9 + 
4.4 mV and 74.1 + 4.9 mV. The lowest membrane potentials 
were recorded in fibres that were only denervated (61.6 + 5.3 
mV). The effect of colchicine on both resting membrane 
potential and Ach sensitivity was thus similar to that of dener- 
vation but less pronounced. 

All innervated muscles exposed to colchicine twitched 
vigorously to stimulation of the nerve and miniature endplate 
potentials of approximately normal amplitude and frequency 
were observed in all fibres examined. In denervated stimulated 
muscles, there was no twitch to nerve stimulation, and no 
miniature endplate potentials were observed. 

The increase in extrajunctional Ach sensitivity and fall in 
resting membrane potential induced by colchicine in innervated 
rat soleus muscles confirm other findings*®. In addition my 
experiments show that similar changes developed in denervated 
muscles that were kept active by direct stimulation. As direct 
stimulation in the absence of colchicine has been shown to 
prevent such changes’ it seems that colchicine has some effects 
on the muscle membrane that are not mediated by the nerve. 
These effects of colchicine on innervated muscle should therefore 
not be taken as evidence for the neurotrophic control of extra- 
junctional membrane properties. The mechanism behind the 
effect of colchicine on muscle is not known, and is in itself of 
some interest. 

I thank Drs E. Frank and J. K. S. Jansen for discussion and 
comments on the manuscript. 
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Pseudorotation mechanism of ATP 
hydrolysis in muscle contraction 


AN analysis of the reaction mechanism of ATP hydrolysis 
may elucidate how ATP provides energy for muscle con- 
traction. Kinetic studies of the mechanism of ATP hydrolysis 
catalysed by myosin and its proteolytic subfragments?-?, 
revealed at least two intermediates before the rate limiting 
step: (1) enzyme-bound ATP (M*ATP) and (2) an inter- 
mediate (M*ADP-P;) that yields ADP and P; when a quenching 
reagent such as HCIO, is added. Trentham et al.? proposed 
that the rate limiting step is the transition from M*ADP:P, to 
the Michaelis product complex M-ADP-P;. That M*ADP-P; 
is distinct from the Michaelis product complex is supported by 
observations made using techniques which include spin 
labelling®, difference ultraviolet absorption spectroscopy’, 
extrinsic probe fluorescence’ and intrinsic myosin fluorescences. 
Each method shows that the conformation of myosin during 
ATP hydrolysis differs from the conformation induced by 
the binding of ADP and P;. This conclusion is supported 
further by the observation that the free energy change for the 
reversible reaction M*ATP = M*ADP-P,; is only —1.3 
kcalories per mol (ref. 7). Although comparable in energy 
with M*ATP, M*ADP-P; nevertheless seems to be closely 
related to products because it decays to ADP and P; when 
exposed to a quenching reagent. Although this decay to ADP 
and P; has been widely interpreted as indicating that ATP is 
already cleaved in M*ADP-P;, it could alternatively be 
interpreted in terms of an uncleaved but labile reaction inter- 
mediate. 

In the intermediate P; & H,O exchange? 18O must be 
incorporated into either M*¥ATP or M*ADP-:P;. Sartorelli 
et al? have shown that when myosin-catalysed ATP hydrolysis 
is quenched by HCI1O, containing H,O, no 180 is detected 
either in the P; cleaved from ATP or in the myosin. This 
implies that HO must enter both the hydrolysis and the 
intermediate exchange reactions before the formation of 
M*ADP-P;. Thus M*ADP-P; cannot be some form of 
anhydride such as a phosphorylated myosin or metaphosphate. 

We show here that a pseudorotation reaction mechanism 
for ATP hydrolysis can account for both the intermediate and 
medium!’ P;+>H.O exchanges as well as the characteristics of 
M*ADP:P;. A pseudorotation mechanism has previously been 
proposed for ATP synthesis in mitochondrial oxidative 
phosphorylation!!“45, We have recently shown it to be the only 
mechanism proposed so far that accounts adequately for the 
mitochondrial oxygen exchanges*. 

Figure 1 presents a schematic representation of the pseudo- 
rotation mechanism of ATP hydrolysis. The pseudorotation 
process transforms the P-O bond cleaved in hydrolysis from a 
relatively short, strong and nonreactive equatorial bond 
(Fig. la) to a relatively long, weak and reactive apical bond 
(Fig. 15). In Fig. 1a the pair of oxoniums bound by H bonds to 
the enzyme and apical bonds to the phosphorus centre con- 
stitute two entry points for H,O oxygen. The diagram shows 
that by dynamic reversal of the H,O binding step before 
pseudorotation, the two oxygens in the pair of oxoniums could 
equilibrate with the H,O oxygens of the medium. This equilli- 
bration could introduce up to two labelled oxygens into the 
P; cleaved in ATP hydrolysis. 

Under certain conditions, however, all four of the oxygens 
in the P; cleaved in ATP hydrolysis can be labelled’**, 
Since the enzyme-bound H,O exchanges with the medium 
H,O, some of the time a H,O molecule must be missing from 
the active site. In the absence of H,O the y-phosphoryl of ATP 
might updergo a rotation about the bridge P-O bond in a time 
comparable with the H,O exchange time. In this way all four 
of the ofygens in the P; cleaved from ATP could be labelled 
with 78O. It must be emphasised that such a rotation could 
occur only in the absence of the HO molecule. In the pentaco- 
ordinate intermediate A the y-phosphory! would presumably 
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be bound so tightly that no rotation could occur. One can also 
conceive of a mechanism in which complete labelling of P; 
occurs into a tightly bound y-phosphoryl of ATP. For such 
a mechanism the exchange illustrated in Fig. 1 would be only 
a prototype. 

Since H,O must enter both the hydrolysis and the inter- 
mediate exchange reactions before the formation of M*ADP-P,, 
the only alternative to intermediate exchange occurring into 
M*ATP seems to be the following sequence of events: (1) 
cleavage of the P-O bond, (2) rotation of P; in the active site, 
(3) spontaneous reformation of the P-O bond, and (4) ex- 
change of enzyme-bound H,O with medium H,O. If all four 
of the oxygens of the cleaved P; were able to interchange their 
positions in the active site, then all four of the P; oxygens could 
be labelled by this mechanism. However, the weak binding 
implicit in the rotation of P; in the active site seems to be 
inconsistent with the evidence that M*ADP-P, is not a Michaelis 
product complex but rather is energetically comparable with 
M*ATP. This alternative therefore seems unlikely. 

Thus it seems that exchange occurs directly into the y-phos- 
phory] of M*ATP. Excluding an unlikely rotation of the 
ATP-H,O adduct in the active site, direct exchange into M*ATP 
implies at least two entry points for HO oxygen. This exceed- 
ingly restrictive condition would exclude all mechanisms not 
of the type depicted in Fig. 1. 

Concerning the medium exchange, there is a nucleotide 
requirement as a cofactor that can be satisfied by nucleotide 
mono-, di- and triphosphates as well as the ATP analogue 
adenylyl-methylenediphosphonate which does not undergo 
hydrolysis'*. This implies that the medium exchange does not 
occur through the reversal of hydrolysis. Medium exchange 
must therefore occur directly into P; which is analogous to the 
requirement that intermediate exchange must occur directly 
into the y-phosphory! of ATP by means of two or more entry 
points of H,O oxygen. Thus consideration of the medium 
exchange independently leads to the same conclusion as that 
reached from consideration of the intermediate exchange. 

A medium exchange separate from the reversal of hydrolysis 
is similar to the mitochondrial P; ++ H,O exchange separate 
from the reversal of phosphorylation™. Since the characteristics 
of this mitochondrial P; & H,O exchange can be rationalised 
by a mechanism stereochemically analogous to the mechanism 
proposed for the mitochondrial ATP <> H,O exchange, we 
propose that the medium exchange can similarly be rationalised 
by a mechanism stereochemically analogous to the intermediate 
P; + H,O exchange. 

Equating intermediate b in Fig. 1 with M*ADP-P, accounts 
for: (1) the difference between M*ADP-P, and the Michaelis 
product complex, (2) the ‘high energy’ nature of M*ADP-P,, 
(3) the breakdown of M*ADP-P,; to yield ADP and P; when 
a quenching reagent is added, and (4) the breakdown of 
M*ADP-P; without incorporation of 18O into either P; or 
myosin. 

The mechanism proposed here for the intermediate P; = H,O 
exchange is identical to that proposed for the mitochondrial 
ATP + HO exchange except that the #*O appears in the P; 
cleaved from ATP rather than in ATP itself. However, no 
myosin-catalysed ATP <> H,O exchange has been detected®’*. 
The failure to detect a myosin ATP < H,O exchange is con- 
sistent with the low value for the dissociation rate of un- 
hydrolysed ATP (<0.02 s)! together with the small steady 
state concentration of the dissociating species M*ATP relative 
to M*ADP-P,’. 

Available evidence strongly supports a pseudorotation 
mechanism of ATP hydrolysis. It is therefore interesting to 
inquire whether a rationale might be discernible for this 
mechanism in muscle contraction. ° 

In the model of Lymn and Taylor?! actin and myosin are not 
associated in the transition from M*ATP to M*ADP*P;. This 
would require that this transition be an approximately energy 
conserving process, as recently confirmed by Bagshaw and 
Trentham’. As developed elsewhere with regard to ATP 
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Fig. 1 Pseudorotation reaction mechanism of ATP hydrolysis. 

Reaction intermediate a with ADPO- equatorial has two apical 

oxoniums. Reaction intermediate b depicts ADPO- apical as 
required for cleavage from the phosphorus centre. 


synthesis in oxidative phosphorylation, a fundamental aspect 
of the pseudorotation mechanism is the pair of oxoniums?!:'*, Its 
effect is to stabilise intermediate a in Fig. 1 relative to inter- 
mediate b, thereby providing approximate energy parity 
between the intermediate resembling reactants and the inter- 
mediate resembling products. Thus the pair of oxoniums 
responsible for a straightforward explanation of the oxygen 
exchanges could also account for the approximate energy 
parity between these two intermediates. This suggests a mechan- 
istic basis for the correlation between intermediate exchange 
activity and muscle contraction noted by Yount and Koshland’. 

In the sliding filament model tension is generated by a 
change in orientation of the myosin head with respect to 
the actin filament!®. This implies that actin must initially 
associate with myosin to give a state other than the thermo- 
dynamically most stable state of the actomyosin complex. 
It seems that actin associates initially with myosin tn the 
M*ADP’P; state!*2°, As previously noted, there is con- 
siderable evidence that the conformation of myosin in the 
M*ADP-P; state differs from that in the Michaelis product 
complex M-:ADP:P;. Thus these two conformations of myosin 
might be correlated tentatively with the two orientations of the 
actomyosin cross bridge invoked by Huxley and Simmonds??? 
to explain the viscoelastic properties of active muscle fibres. 
This correlation would also be consistent with the requirement 
that, because the velocity of muscle contraction decreases with 
increasing load, the rate limiting step of ATP hydrolysis must 
be sensitive to tension. Exergonic bond cleavage would there- 
fore occur in the mechanochemically coupled step since in this 
reaction mechanism cleavage occurs in the transition from 
M*ADP-P; to M:ADP-P,. 

These considerations together with the dissociation of 
actomyosin induced by ATP binding?® and the refractory state 
of myosin? indicate that the contraction cycle involves a 
sequence of discrete conformational states of myosin. A 
sequence of di§crete conformational states of myosin as an 
ATPase enzyme requires a sequence of discrete reaction inter- 
mediates in ATP hydrolysis. The intrinsically step-wise 
character of the pseudorotation mechanism is well suited for 
providing such a sequence of reaction intermediates with 
appropriate energetic characteristics. 

In view of the apparent similarity between the ATP reaction 
mechanisms in muscle contraction and oxidative phosphory- 
lation, it is d interest to note thaf the myosin fragment S-1 
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appears tobe evolutionarily related to the mitochondrial 
coupling factor F, (ref. 23). 
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In vivo enhancement of tyrosine 
hydroxylation in rat | 
striatum by tetrahydrobiopterin 


THE hydroxylation of tyrosine, the rate-limiting step in 
the biosynthesis of catecholamines in viyvyot, depends on 
various factors: the concentration of apoenzyme and of 
cofactor (5,6,7,8-tetrahydrobiopterin, BH:), the avail- 
ability of molecular oxygen? and the activity of the system 
reducing the oxidised pteridine (dihydropteridine 
_ reductase*). Calculations based on the rate of tyrosine 
hydroxylation in vitro and on the cofactor concentration 
in brain suggested that the latter might be limiting®’, 
although its concentration at the enzyme site is not known. 
Similar conclusions were reached in experiments with cul- 
tures of sympathetic chain of chicks in whith addition of 
biopterin increased the catecholamine confent®. But no 
evidence exists for a possible role of BH, as limiting factor 
of tyrosine hydroxylation in vivo. We describe here the ; 
in vivo effect of BH,, the natural cofactor of tyrosine 
hydroxylase’, on dopamine formation in rat striatume 
Male.albino rats of WiStar origin (Fiillinsdorf), 180-200 g, 
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were injected with an aqueous solution of BH; into one 
lateral brain ventricle (30-1,000 xg in 10 pl through a 
chronically implanted cannula”) or intravenously (125 
mg kg-). The solutions contained 1% ascorbic acid. At 
various time intervals after administration of BH, 0.18 yg 
L-2, 3-°H-tyrosine in 10 al (specific activity) 10 Ci mmol™’) 
were injected intraventricularly. Animals injected with 
‘H-tyrosine after ascorbic acid served’ as.controls. The rats 
were decapitated 15 min after *H-tyrosine injection, the 
corpora striata immediately dissected and homogenised. in 
0.4 M ice-cold perchloric acid (1:5 w/v) containing 0.3% 
ascorbic acid and 10 wg dopamine. The radioactive 
catechols were absorbed on alumina”, eluted with 4 ml 
0.3 N acetic acid and measured in a liquid scintillation 
counter. In some experiments the composition of the 
eluate’ was checked by paper chromatography (Whatman 
P81; isopropanol, 0.2 N ammonium acetate, pH 6.0, 1:2; 
15 h). Dopamine was the main component besides traces of 
3,4-dihydroxyphenylacetic acid. The values were corrected 
for recovery (75 + 2.3%). 
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Fig. 1 Concentration of @, tetrahydrobiopterin (BH,), and O, 
3H-catechols in the rat striatum following various doses of BH;. 
BH, was administered into one lateral brain ventricle alone or 
immediately before 0.18 ag *H-tyrosine intraventricularly. Rats 
were killed 15 min after injection(s). The figures represent aver- 
ages with s.e.m. of values from 12-36 «determinations. Each 
determination was carried out with the corpora striata of one rat. 
Absolute control values: BH, 24.5 + 3.5nmol g7}; *H-catechols 
6.4 + 0.8pmol g~*. Significance against corresponding controls : 
*P<0.01; all other values P>0O.05. 


For the measurement. of the cofactor concentrations 
another group of, rats received BH, (in 1%- aqueous 
ascorbic acid) intraventricularly (i.v.) (see above) at 
various time intervals before killing. Animals injected 
with ascorbic acid alone served as controls. -The corpora 
striata from one rat were homogenised in 0.2 M Na- 
phosphate buffer, pH 6.5 (1:5 w/v) containing 0.02 M 
ascorbic acid, heated for 90 s to 100° C and centrifuged. 
A 10 al aliquot of the supernatant was incubated for 60 min 
at 30° C with: 0.2 M phosphate-citrate buffer, pH 6.4, 
20 pl; 10 mM ascorbic acid, 20 al; 0.5 mM L-p-“H- 
phenylalanine (SA 40 mCi mmol’), 20 al; 70 xg liver 
phenylalanine hydroxylase (purified according to Kauf- 
‘man and Fisher”, first two steps), dissolved in 20 pl 0.2 
M Na,;phosphate buffer (see above); water to a total volume 
of 130 al. Supernatant containing various concentrations 
of BH? (20-100 pmol in phosphate buffer) or phosphate 
buffer served as standards or blanks, respectively. ‘The 
reaction was stopped by codling to 0° C. After addition of 
0.5 ml ice-cold Na-acetate ‘buffer (0.2 M, pH 5.5), iodination 
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was performed using 1 mg N-iodosuccinimide’ in 10 xl 
dimethylsulphoxide. After 5 min the samples were supple- 
mented with 100 zl 30% trichloracetic acid, centrifuged and 
passed through columns of charcoal (Norit S x 35)/Dowex 
SOW X4 (10/700 mg) (ref. 7). The effluent (combined with 
the washing, 1 ml water) containing tritiated water, was mea- 
sured by liquid scintillation counting. In such a system the 
amount of tritiated water is proportional to the initial con- 
centration of BH, in the incubation medium. In all 
experiments quenching was corrected by means of internal 
standards. . 
Intraventricular administration of increasing amounts 
(30-1,000 ug) of BH, alone and of BH, immediately before 
‘H-tyrosine caused in the striatum a dose-dependent 
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Fig. 2 Time course of a, *H-catechols and b, tetrahydrobiopterin 
(BH) in the striatum. BH, was administered into one lateral 
ventricle of the rat brain (0.5 mg per rat) or intravenously 
(125 mg kg-t) alone or at various time intervals before intra- 
ventricular injection of 0.18 «g 3H-tyrosine injected 15 min before 
killing. Abscissa: time between injection of BH, and decapitation. 
The figures represent means with s.e.m. of values from 12-36 
determinations. Each determination was carried out with the 
corpora striata of one rat. Absolute control values: BH, 29.0 + 
5.1 nmol g~; *H-catechols 7.5 + 0.8 pmol g-*. Significance 
against corresponding gaa lek a all other values 


accumulation of the cofactor and an increased accumula- 
tion of labelled catechols, respectively (Fig. 1). The time 
course of accumulation of striatal BH, and increased 
accumulation of *H-catechols was similar. Maximal values 
were found 10 and 15 min respectively, after injection of 
the cofactor. After 4 h the *H-catechols had almost reached 
control levels again, whereas BH, was still somewhat 
increased at 16 h (Fig. 2), possibly due to a continuous 
recycling of the oxidised cofactor. 

Intravenous administration of a large dose (125 mg kg~) 
of BH, alone or immediately before intraventricular injec- 
tion of *H-tyrosine caused a small increase of the cofactor 
and of the *H-catechol content in the striatum respectively, 
which did not, however, reach a significant level (Fig. 2). 
This small effect may be due to poor penetration „9f the 
cofactor into the brain. 

The enhanced accumulation of labelled catechole in the 
striatum which paralleled the increased BH, content was 
probably the consequence of an increased synthesis of the 
amines from “H-tyrosine. Thus, 250 mg kg” «a-methyl-p- 
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tyrosine (an inhibitor of tyrosine hydroxylase) ip. 1 h 
before 'H-tyrosine diminished both the formation of 
labelled catechols and their enhanced accumulation due to 
BH, (Fig. 3). An impaired elimination of the labelled 
catechols from the brain is unlikely since in preliminary 
experiments BH, did not enhance the accumulation of 
3H-catechols in the striatum of animals administered 
L-2,5,6--H-dihydroxyphenylalanine intraventricularly. This 
result also confirms that BH, acts at the level of the 
hydroxylation of tyrosine. 


With aMT 


Without aMT 


3H-catechols (pmol g` ') 





3H-Ty BH, 3H-Ty BH, $ 
+ + 
3H-Ty 3H-Ty 


Fig. 3 Effect of «-methyl-p-tyrosine (xMT) on the increase of 
3H-catechols in rat striatum induced by "H-tyrosine GH-Ty) alone 
or in combination with tetrahydrobiopterin (BH. BH, (0.5 mg 
per rat) was injected into one lateral brain ventricle immediately 
before intraventricular administration of 0.18 yg “H-Ty. «MT 
(250 mg kg—*) was administered i.p. 1 h before “H-Ty. Rats were 
killed 15 min after *H-Ty. The figures represent averages with 
sem. of 4-6 determinations, each carried out with the corpora 
striata of one rat. Significance compared with corresponding 
values with *H-Ty alone: *P<0.01; **P>0.1. 


The striatal content of endogenous dopamine and its 
major metabolite homovanillic acid (both measured 
fluorimetrically"*) was not significantly changed 15 min 
after intraventricular injection of 500 ug BH, (dopamine: 
controls 8.7 + 0.4, BH+treated 9.1 + 0.2 ug g, P > 0.05; 
homovanillic acid: controls 0.84 + 0.07, BH;-treated 0.80 
+ 0.08 ag g, P> 0.05; 12 animals per group). These 
findings indicate that of the total dopamine stored the newly 
formed amine is only a minor part which may have entered 
into the small (functional) pool previously claimed to be 
preferentially filled with the newly synthesised 
catecholamines”. 

From these results it can be concluded that in the 
striatum the amount of the apoenzyme of tyrosine 
hydroxylase is probably not the limiting factor for the 
hydroxylation of tyrosine in vivo. Under physiological con- 
ditions, tyrosine hydroxylase apparently does not work to 
its full capacity due to the limited concentration of BH. 
It is therefore possible that rapid changes in activity of 
tyrosine hydroxylase may be connected with modifications 
in the availability of reduced pteridine cofactor at the 
enzyme site. , 

The BH; was synthesised by Dr K. J. M. Andrews, 
Roche Products Limited, Welwyn Garden City, UK. 
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Increased myocardial cathepsin D 
activity during regression of thyrotoxic 
cardiac hypertrophy 


SEVERAL types of hormonal or mechanical stimuli may 
cause cardiac hypertrophy. In many instances, when the 
stimulus is removed the heart rapidly regresses toward its 
original size. The cellular mechanism(s) by which this 
net cardiac catabolism and reduction of myocardial pro- 
tein mass might be mediated have not been defined. One 
possibility might be an increase in the activity of intra- 
cellular proteolytic enzymes; accordingly, we have investi- 
` gated the activity of cathepsin D, a lysosomal enzyme that 
is the major acid proteinase in the heart. 

Our experimental model was the hypertrophied heart of 
the thyrotoxic rat. Exogenous administration of excessive 
doses of thyroid hormone is well known to lead to marked 
cardiac enlargement in the rat, and discontinuation of 
thyroid treatment results in a rapid return of heart weight 
to normal'-*. Indeed, during the first week of recovery 
from thyrotoxicosis, the heart loses 10% or more of its 
mass, in comparison with a weekly increase of 10% or more 
in normal! rats‘. 

._Two-month-old male albino rats were divided into four 
matched groups. The first group (‘control’) was untreated 
for 6 weeks. The second group (‘thyrotoxic’) received no 
treatment for 3 weeks followed by daily injections of 
I-thyroxine (1.0 mg kg intraperitoneally) for 3 weeks. 
The third group (‘l-week recovery’) received a similar 
3-week course of thyroxine injections between the second 
and fifth week of the 6-week experimental period, and 
the last group was treated during the first 3 weeks only 
and then remained untreated for 3 weeks (‘3-week re- 
covery’). All the animals were killed on the same day by 
cardiac excision after being stunned by a blow to the head. 
Total body weights and the weights of the isolated cardiac 
ventricles were determined. A section of left ventricular 


muscle was excised immediately, diluted in a solution of. 


0.1% Triton at 4° C, minced and homogenised vigorously 
with a Willems homogeniser to disrupt maximally the cells 
and their organelles. The mixture was spurf at 350g for 
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5 min to remove cellular debris, and the supernatant, which 
contained more than 90% of the total activity of the various 
enzymes tested, was taken for assay. Activities were 
measured for the lysosomal enzymes cathepsin D, B-acetyl- 
glucosaminidase and acid phosphates*®, The activity of 
creatine phosphokinase’, a nonlysosomal enzyme that serves 
as a good general marker of myocellular viability, was also 
measured, as was the protein concentration®, 

As’ others have described, thyroxine therapy caused 
marked cardiac hypertrophy in the rats. The ratio of 
ventricular weight to body weight was 0.36+0.01% (s.e.m.) 
in the control group compared with 0.56+0.02% in the 
thyrotoxic rats. The difference was due to a significant 
(P<0.01) increase in ventricular weight as well as a de- 
crease in body weight in the treated animals. One week 
after cessation of therapy, heart weight was significantly 
reduced and body weight was increased (ratio=0.43+ 
0.02%), and by 3 weeks all values had returned to normal 
(ratio =0.38 +0.02%). 

These changes in thyroid state and heart size were 
accompanied by significant alterations in the cardiac 
activity of cathepsin D. With thyrotoxic hypertrophy there 
occurred a 15% decrease in the mean activity of the 
enzyme, from 68.7 to 58.4 pg tyrosine h~? mg? protein 
(P<0.01). Subsequently, with discontinuation of thyroid 
treatment and rapid regression of cardiac hypertrophy, the 
activity of the enzyme increased by 40% (Table 1) within 
1 week. By 3 weeks, when the hearts had already returned 
to normal size, the activity of cathepsin D was also back 
to normal (71.3 ag tyrosine h~* mg™ protein). 

During the rapid regression of hypertrophy, the increase 
in catheptic activity greatly exceeded the simultaneous 
decreases in heart weight and protein content (Table 1). 
Thus, the measured increase could not have been simply 
a consequence of slower net breakdown of the cathepsin D 
molecule compared with other cardiac proteins, which 
during generalised cardiac catabolism might lead to a rela- 
tive elevation of the enzyme without an actual increase 
in its net production. Rather, the data indicate that there 
was an absolute increase in total cathepsin D activity in each 
heart, not due to generalised stimulation of all lysosomal 
enzymes. As Table 1 shows, there were no changes in the 
activities of glucosaminidase or acid phosphatase. Similarly, 
the nonlysosomal enzyme creatine phosphokinase was 
unaffected. 

In separate tests, the tissue was homogenised gently in 
0.25 M KCI to preserve intact lysosomes as far as possible*”; 





Table 1 Comparison of ventricular weight, protein, and enzyme 
activities. 





Thyrotoxic 1-week recovery 


299+-7.6(s.e.m.) 339+6.5* 
Ventricular weight (g) 


1.660.040 1,43-+0.024* 

Ventricular protein concentration 
(mg g”) 102+1.4 102-+-2.0t 

Creatine phosphokinase activity 
(umol ATP per min per mg 
protein) 

B-acetylglucosaminidase activity 
(nmol nitrophenol per h per mg 
protein) 

Acid phosphatase activity (nmol 
nitrophenol per h per mg 
protein) 

Cathepsin D activity (ug 
tyrosine per h per mg protein) 

Nonsedimentable (free) cathepsin D 
activity (% of combined free + 
partieulate-bound activity) 


Body weight (g) 
4.71 40.145 4,924.0.128f 
140+3.0 138-+3.1f 


1675.3 
58.441.05 


178 +:5.5f 
81.5+1.77* 


3040.9 3541.4* 





Measurêments were made on hypertrophied hearts of 16 thyrotoxic 
rats and 16 hearts that were undergoing rapid regression of hyper- 
trophy 1 week after discontinuation of thyroxine injections. 

* P <0.01 compared with thyrotoxic hearts. 

t P >0.10 compared with thyrotoxic hearts. 
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subsequent assays revealed altered catheptic activity in 
the ‘free’ or nonsedimentable fraction of the cell (which 
is thought by some to reflect enzyme that is more accessible 
to intracellular substrates in vivo) as well as in the total 
homogenate (Table 1). 

These findings are reminiscent of other instances in 
which an organ responds to withdrawal of the appropriate 
hormone by an increase in the activity of lysosomal 
enzymes and catabolism and atrophy of the tissue, Of 
special interest is the regression of uterine smooth muscle 
after termination of pregnancy. Removal of the stimulus 
for uterine growth that is provided by sex hormones leads 
to rapid regression of the organ, and this is associated with 
an increase in the activity of uterine cathepsin D”. In 
this condition there are parallel increases in other lysosomal 
enzymes, although in some other tissues pharmacological 
or hormonal changes cause specific alterations in cathepsin 
D without generalised effects on all lysosomal enzymes”, 

Our experiments demonstrate that acute changes in the 
thyroid state are accompanied by specific alterations in 
the activity of cathepsin D in the heart. Although no 
cause-and-effect relationship can be established definitively 
from our data, it seems reasonable to speculate that the 
observed changes in proteolytic activity are involved in 
the mediation of the corresponding shifts in protein bal- 
ance, These findings provide for the first time evidence of 
an enzymatic alteration that might link an external stimulus 
for the regression of preexistent hypertrophy to subsequent 
myocellular catabolism. Whether similar changes accompany 
regression from other varieties of cardiac hypertrophy 
remains to be determined. 

This work was supported by research grants from the 
Dallas and American Heart Associations and the National 
Heart and Lung Institute, and by a US Public Health 
Service research career development award (K.W.) and a 
Moss Heart Student Fellowship (E.A.M.). We thank S. C. 
Jasinski, P. C. Morton and J. R. Wakeland for assistance 
and A. R. Poole and C. L. Skelton for discussions. 
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Vasopressin release from the isolated 
neurohypophysis induced by a calcium 
ionophore, X-537A 


TEN years ago observations on isolated neurohypophyses 
prompted the suggestion that action potentials in the hypothal- 
amo-neurohypophysial tract release neurohypophysial 
hormones by promoting calcium influx and that the appearance 
of free calcium ions somewhere in the neurosecretory terminals 
provides the immediate stimulus for hormone extrusion’®. 
Some time later it was argued that the role of calcium ions 
in stimulus-secretion coupling in this system and in many 
other secretory cells was to set in motion a common 
secretory mechanism, exocytosis’. Very recently the evidence 
supporting this view has been strengthened by light microscopic 
observations showing extrusion of secretory granules from mast 
cells on intracellular injection of calcium ions®. Meanwhile, 
electron microscopic’ and chemical##1* evidence has borne 
out the conjecture that neurohypophysial hormones are 
secreted by exocytosis, and the case for calcium-influx as the 
initiating event has been strengthened by a number of observa- 
tions set out in recent reviews!®*®, These reviews make the 
further point that the neurohypophysis may be a useful model 
system for studying stimulus-secretion coupling in nerve cells 
generally: the involvement of calcium in release of neural 
transmitters is well-known and may have a similar 
explanation?’-?8, 

With the discovery of calcium ionophores a new tool has 
become available, and our purpose here is to report the stimu- 


Vasopressin output (mU per four lobes per 10 min) 
o 





X-537A X-537A 
Ca-free Locke 
Locke ; ocke 


Fig. 1 Stimulant effect of the ionophore X-537A on output of 
vasopressin from rat neurohypophyses in vitro and the inhibitory 
effect of calcium deprivation. The methods for isolating 
neurohypophyses, incubating them, and measuring vasopressin 
output followed the original description? except that four 
neural lobes from male rats weighing about 250 g were used in 
each experiment and were impaled, after halving, on a fine 
platinum wire holder?® facilitating transfer from one incubation 
chamber to the next. Media containing X-537A were prepared 
from a stock solution of the drug in dimethylsulphoxide. The 
final concentration of the solvent never exceeded 0.2% which is 
without effect on basal or stimulus-evoked output of vaso- 
pressin®°. Drug and solvent did not interfere with the rat blood 
pressure method used for bioassay of vasopressin. Each of the 
two curves (a) and (6) shows vasopressin outputs (means + s.e.) 
in successive 40 min incubation periods in three experiments. 
X-537A (6 jigsml) was present during the periods indicated by 
_the heavy horizontal bars. Horizontal arrows indicate the 
incubation medium. Locke’s solution contained (mM): 
NaCl, 150; KCl, 6.0; CaCl, 2.0; MgCl., 1.0; NaHCO,, 10; 


e glucose, 10. It was equilibrated with 5% CO, in O, In 


calcium-free Locke, CaCl, was omitted. Records begin after 
` 40 min preincubation* with Locke’s solution (a) or calcium- 
° free Locke’s solution (b). 
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Table 1 Effect of calcium deprivation, with or without EDTA, on output of vasopressin in response to X-537A (25 ug ml") 
(A) (B) (C) (D) 
Preincubation Locke Ca-free Locke Ca-free Locke + 2mMEDTA  Ca-free Locke + 2 mM EDTA 
(30 min) (60 min) (60 min) (70 min) 
followed by Mg-free Locke 
(60 min) 
Incubation medium Locke Ca-free Locke Ca-free Locke Mg-free Locke 
Vasopressin output 
(mU per four lobes per 10 min: 
mean + s.e.m. (n) ) 
Before X-537A 2.0 + 0.3(5) 2.1 + 0,3(4) 2.7 + 0.2(4) 2.2 + 0.4(4) 
During X-537A* 
0-10 min 9.1 + 1.5(5) 4.8 + 0.8(4) 3.6 + 0.4(4) 4.7 + 0.5(4) 
10-20 min 13.5 + 1.76) 4.9 + 0.6(4) 3.8 + 0.4(4) 6.8 + 0.6(4) 
20-30 min 16.7 + 2.3(4) 4.9 + 0.6(4) 3.8 + 0.1(3) 8.5 + 1.2(4) 


* All outputs (columns A-D at each 10 min interval) are significantly higher (P < 0.05) than the corresponding values before X-537A. 


lant effects, on neurohypophysial secretion, of one of these, 
X-537A. Like other calcium ionophores, X-537A is a substance 
that forms a reversible complex with calcium which, by its 
lipophilic nature, serves as a mobile calcium carrier that will 
transport calcium ions across biological membranes!®. It is 
known to release histamine? and, more relevant to the work 
reported here, to elicit extrusion of secretory granules from 
mast cells by calctum-dependent exocytosis?" ??, 

The methods we have used for studying release of vasopressin 
from isolated rat neurohypophyses have been described else- 
where (see legend to Fig. 1). In a concentration of 6 pg mI“, 
X-537A increased vasopressin output about three-fold in 
preparations incubated in a conventional, calcium-containing, 
Locke’s solution. The effect outlasted exposure to the drug 
(Fig. la). By contrast, this ionophore had little stimulant 
effect on preparations incubated in calcium-free Locke, al- 
though vasopressin output rose substantially when calcium was 
reintroduced (Fig. 1b). This stimulant effect of calcium was 
clearly attributable to some priming effect of X-537A because 
calctum had no detectable effect on vasopressin output in 
each of four experiments where it was reintroduced after the 
same period of calcium deprivation without exposure to the 
ionophore, a finding in agreement with earlier observations’. 

In a concentration of 25 ugml~4, X-537A evoked a still greater 
output of vasopressin; the response in the presence of calcium 
(Table 14) being approximately equal to that yielded by a 
maximally effective concentration (60 mM) of potassium?. 
Omission of calcium (with or without addition of EDTA) 
inhibited the response (Table 1B and C). This inhibitory effect 
was reversed, at least in part, by reintroducing calcium without 
magnesium (Table 1D.) 

From these results it is evident that X-537A can stimulate 
vasopressin output through some calcium-dependent process. 
The most obvious explanation is that the drug acts on the 
neurohypophysial terminals as a calcium ionophore, and allows 
calcium to penetrate these terminals and initiate secretion in 
line with the original calcium influx hypothesis’. But at least 
one alternative, or additional, explanation deserves considera- 
tion, namely that X-537A owes its effect on vasopressin release 
to its additional ability to complex with and transport monova- 
lent cations. By such an action the drug might depolarise 
the neurosecretory terminals and set in motion the familiar 
potential-dependent calcium influx mechanism**?%, 

Further experiment revealed an additional stimulant effect 
of X-537A on vasopressin output which is not readily explained 
in terms of depolarisation or calcium entry. Thus, in a 
concentration of 50 pg mi the drug increased vasopressin 
output from neurohypophyses exposed to @ depolarising? 
concentration (60 mM) of potassium in a calcium-free medium 
(Fig. 2). The response was about half tha? subsequently 
obtained in the same preparations 10-20 min aftêr introducing 
2 mM calcium in the presence of 60 mM potassium which, as 
noted above, is the most effective concentration of potassium 
for evoking vasopressin secretion*. In the light of evidence 
that X-537A can release calcium frgm sarcoplasmic r- 
ticulum**-2*, we suggest that this stimulant effect on output 


Vasopressin output (mU per four lobes per [0 min) 


of neurohypophysial hormone may result from mobilisation 
of cellular calcium and consequent elevation of the concentra- 
tion of free calcium ions in the neurosecretory terminals. This 


. would be in line with the original suggestion that the appearance 


of an excess of free calcium ions somewhere in the terminals 
provides the signal for release of neurohypophysial hormones?. 


12 


Ca-free 


Fig. 2 Stimulant effect of the ionophore X-537A (50 pg ml) 
on vasopressin output from neurohypophyses incubated in 
calcium-free Locke containing a depolarising? concentration 
of potassium. The record represents the mean (+ s.e.m.) of 
four experiments and begins with lobes in calcium-free Locke 
(Ca-free) after 40 min preincubation in this same medium. 
After the first two periods shown, incubation was continued 
with calcium-free Locke with the potassium concentration 
raised, to 60 mM (‘ 60 mM K °), the sodium concentration being 
lowered correspondingly to maintain tonicity?. X-537A was 
presenė during the period indicated by the heavy horizontal bar. 
After exposure to the drug, incubation was continued with 
60 mM K Locke with the addition of 2 mM calcium (Ca). 
The secretory response obtained on adding calcium is near 
maximal for such preparations?. 
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Conjecture along these lines is interesting because little is 
known of the physiological mechanisms for binding or 
sequestering calcium in secretory systems; yet some such 
mechanism must exist, as in muscle, if calcium is to function as a 
mediator in stimulus-secretion coupling. It is conceivable 
that responses to ionophores obtained from secretory prepara- 
tions in calcium-free environments may provide a clue. It is 
possible however that X-537A, especially in the higher con- 
centrations, may be able to release vasopressin independently of 
cellular as well as extracellular calcium: there are indications 
that acetylcholine can be released from nerves without involve- 
ment of calcium—for example, by high concentrations of 
ethanol’, 

In contrast to X-537A we have found, in similar experiments 
on six batches of neurohypophyses, that the calcium ionophore 
A-23187, in a concentration of 1, 2, 5 or 50 ug ml, caused no 
obvious increase in vasopressin output. Since A-23187 differs 
from X-537A in having relatively little affinity for monovalent 
cations this could be interpreted as support for the view that 
the response to X-537A involves depolarisation as well as 
calcium. Alternatively, A-23187 may for some reason, fail 
to act as an effective calcium ionophore in the neurohypophysial 
preparation as we have studied it. In any event, the behaviour 
of the neurohypophysis is quite different from that of mast 
cells studied in this laboratory where A-23187 (2-3 ug mi~) as 
well as X-537A causes a prompt release of secretory granules 
by exocytosis?!??, It is thus evident that different secretory 
cells vary in responsiveness to different ionophores as they do 
to various other stimuli!®, Discussion of the possible physio- 
logical significance of this difference is best deferred until 
evidence from various other secretory preparations has been 


presented. These initial results encourage us to believe,. 


however, that calcium ionophores may be useful new tools 
for the study of stimulus-secretion coupling in nervous tissue. 
We would add only, with regard to the exocytosis hypothesis 
of release of neurohypophysial hormones, that a stimulant 
effect of calcium after priming with X-537A, such as we have 
described for the neurohypophysis (Fig. 15), has also been 
observed in mast cells where light and electron microscopy has 
shown the response to be extrusion of secretory granules by 
exocytosis?! 22, 
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Capillary permeability and sympathetic 
activity in canine subcutaneous adipose tissue 


PREVIOUS studies on the exchange properties of the micro- 
vasculature of canine subcutaneous adipose tissue have 
shown that electrical stimulation of the sympathetic nerves 
with frequencies within the physiological range, induced 
vasoconstriction accompanied by an increase in the trans- 
capillary hydrodynamic conductivity expressed by the capil- 
lary filtration coefficient (CFC) (ref. 1). Given that CFC 
is a function of the product of the surface area available 
for exchange and the permeability of the capillary wall’, 
these two factors must be separated to- establish the 
functional properties of this vascular reaction. In attempt- 
ing to do this, the clearance of locally injected NaI was 
measured at constant flow perfusion, and was found to 
be significantly reduced during sympathetic stimulation. 
Similarly the permeability-surface area product (PS) of 
the vascular bed measured by the extraction of “Rb in 
subcutaneous adipose tissue decreased as a function of 
sympathetic stimulation (ref. 4 and J. Gainer, B. Linde, 
and S.R., unpublished). 

These data suggest that sympathetic stimulation causes 
a constriction of the precapillary vessels resulting in a 
diminished number of capillaries open to blood flow. The 
increase of CFC could then be a consequence of either an 
overall increase in permeability of the capillary membrane, 
or a drastic alteration of the capillary pressure profile, 
which would enhance the effect of the more permeable 
venous segments of the microvasculature’. 

The present study was undertaken with the idea that a 
higher capillary permeability might affect the isovolumetric 
capillary presure (Pa) provided that the permeability change 
is of such a nature that osmotically active molecules become 
diffusible across the capillary membrane that is, the 
osmotic reflection coefficient for plasma proteins becomes 
«smaller than ones. 

To test this hypothesis, experiments were performed on 
13 female, mqngrel dogs, anaesthetised with sodium pentothal 
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(30 mg kg’). The inguinal subcutaneous adipose tissue, 
located between the pubis and mammary glands, was pre- 
pared on the right side and placed in a plethysmograph with 
the artery, vein and nerve passing through a closely fitted 
opening’’. After the administration of heparin, the artery 
supplying the adipose tissue was cannulated with plastic 
tubing and a silicone filled drop recorder was inserted. The 
plethysmograph was filled with Tyrode’s solution kept at 
38° C and connected to a volume recorder. Volume changes 
could be determined with an accuracy of +0.05 ml. Blood 
pressures were monitored from the artery and vein supply- 
ing the adipose tissue by means of Statham pressure trans- 
ducers and recorded on a Grass polygraph, together with 
the blood flow and tissue volume. The vein draining the 
tissue was cannulated with a widebore plastic tubing, the 
free end of which could be placed at any desired level 
above the preparation. In this way the venous outflow 
pressure, and therefore the venous and capillary pressures 
in the adipose tissue, could be varied. The isovolumetric 
capillary pressure (Po) was determined according to the 
principle of Pappenheimer and Soto-Rivera®. The blood 
flow was reduced in a stepwise fashion by means of a 
screw clamp on the artery. The level of the venous cannula 
was then adjusted to give a hydrostatic capillary pressure 
which rendered the adipose tissue isovolumetric. The values 
of arterial and venous pressures at isovolumetric states were 
then plotted (Fig. 1) and Pa was estimated by extrapolating 
to zero pressure difference. 
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Fig. 1 Determination of isovolumetric pressure in canine 
subcutaneous adipose tissue. The points indicate arterial 
or venous pressures at different levels of blood flow at 
isovolumetric states. O, Determinations made during resting 
conditions (control), pre- and post-stimulation respectively; 
®, determinations make during electrical stimulation of 
sympathetic nerves with 3 and 6 Hz, respectively. The data 
are extrapolated linearly to zero pressure difference, which 
coincides with zero blood flow. Pa is indicated by the 
intercept on the ordinate. eg osmotic pressure 180 mm 
g. 


In all experiments the extrapolated arterio-venous zero 
pressure difference was found to coincide with zero blood 
flow, as shown in Fig. 1. At zero flow there is no pressure 
drop along the blood vessels and, consequently, Poi is equal 
to the pressure at the intercept of the extrapolated pressure- 
flow relations on the ordinate. The linear relationship 
between isovolumetric blood flow and isovolumetric arterial 
and venous pressures, respectively, is evidently a consequnce 
of the lack of autoregulatory responses inesubcutaneous 
adipose tissue. Therefore, this method can be used with 
some precision to determine Peai in subcutaneous adipose 
tissue. 

The mean resting isovolumetric capillary pressure was 
10.1 mm Hg (range 20.8-3.8, n=13); which was found’ to 
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be lower than the plasma colloid osmotic pressure, 17.6 mm 
Hg (range 18.3-15.6). (The plasma colloid osmotic pressure 
was determined by means of a Hansen type osmometer 
utilised in conjunction with a membrane whose reflection 
coefficient for albumin was one.) Thus, the hydrostatic pres- 
sure which counterbalances all pressures tending to cause 
fluid absorption at an isovolumetric state is consistently 
lower than the plasma colloid osmotic pressure by an 
average of 7.6 mm Hg. This finding may be accounted for 
by a tissue osmotic pressure of 5-8 mm Hg which corres- 
ponds to a tissue protein concentration of 2-3%. This was 
shown to exist by direct micro-sampling in subcutaneous 
connective tissue’, and by measuring the distribution of 
tagged albumin". 

Following sympathetic nerve stimulation (3-9 Hz; 2 ms; 
7-10 V), which was adjusted to diminish the blood flow 
to approximately one half, there was a marked reduction 
of Pa which averaged 5.6 mm Hg (range 10.8-0; P<0.001) 
(Fig. 1). As in the case of resting conditions, in every 
experiment it was possible to determine P,, by linear extra- 
polation to zero flow. Pei is estimated by gradually decreas- 
ing the arterio—venous pressure difference. In this manner, 
uneven flow distributions in the vascular bed are diminished. 
Therefore reduced Pea does not seem to be the effect of a 
redistribution of blood to areas of higher permeability. 

In view of the above mentioned changes in CFC and PS, 
the reduction of Pea is compatible with an increase in capil- 
lary permeability associated with a decrease in the reflection 
coefficient for plasma proteins, These experiments thus sup- 
port the hypothesis that the sympathetic nervous system 
may control capillary permeability in canine subcutaneous 
adipose tissue", Adrenergic vasomotor control of permea- 
bility has not been described previously. 
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Intracellular electric responses 
to sound in a vertebrate cochlea 


ELecrric potentials generated by the inner ear in response 
to sound stimulation were first recorded 40 yr ago’. Studies 
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Fig. 1a, Drawing of a transverse section through the basilar 
papilla of the alligator lizard. The basilar papilla is approxi- 
mately 50 am wide by 400 um long and contains about 150 
hair cells innervated by approximately 600 nerve fibres*#~”%, 
The penetration of the basilar papilla from scala tympani 
by a micropipette is shown schematically for a typical 
experiment. HP, habenula perforata; MF, myelinated 
portion of a nerve fibre; NE, nerve ending; UF, unmye- 
linated fibre. b, Oscillographic records obtained as a micro- 
pipette was advanced into the papilla. The top and centre 
traces were obtained from the potential recorded between 
the micropipetie and a remote reference electrode. The top 
trace shows the d.c. potential; the centre trace shows the 
magnitude of the response to a 500 Hz tone at a sound 
pressure level (SPL) at the tympanic membrane of 75 dB. 
The bottom trace is the magnitude of the response to the 
500 Hz tone obtained from a wire electrode near the round 
window, For both the centre and bottom traces the poten- 
tial recorded from the electrode was passed through: a 
narrow-band filter (2 Hz bandwidth) to obtain the funda- 
mental component of the response, the magnitude of which 
is plotted on a logarithmic ordinate scale”. During intervals 
a and c, the 500 Hz tone was on continuously; during 
interval b, this tone was turned off and responses to other 
acoustic stimuli were recorded. When the d.c. potential 
suddenly dropped to —110 mV, the micropipette tip was 
assumed to have entered a cell, and the micropipette was 
held stationary. Coincident with the occurrence of the 
negative d.c. potential, the response magnitude increased 
abrup ly by at least a factor of 4. After the d.c. potential 
returned to near zero, the magnitude of the response 
decreased almost to its previous value. The bottom trace 
shows that throughout the penetration by the micropipette 
into the basilar papilla, the response recorded from the 
wire electrode remained constant, 
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of these extracellular potentials have led to hypotheses 
about the role of intracellular potentials in sensory trans- 
duction in receptor (hair) cells**. It is difficult, however, to 
infer these intracellular potentials from extracellular mea- 
surements alone*‘; measurements of intracellular poten- 
tials from hair cells are clearly desirable. Although intra- 
cellular potentials in other hair-cell receptors have been 
reported recently*®, the few previous attempts to record 
such potentials in the cochlea have not yielded significant 
results”. We report here intracellular responses from single 
hair cells and supporting cells in the cochlea of the alligator 
lizard Gerrhonotus multicarinatus. 

The lizard ear is basically similar to the mammalian 
ear'+!, Sound causes vibrations of the tympanic membrane 
which are transmitted by a cartilagenous extra-stapes and 
a bony stapes to the fluids of the inner ear, where the 
basilar membrane is set in motion. The auditory receptor 
organ (basilar papilla) consists of a strip of hair cells and 
supporting cells, which is on the basilar membrane (Fig. 
la). The basilar papilla is generally considered to be homo- 
logous™ to the mammalian organ of Corti. 

In our experiments, some bone and the round window 
membrane were removed so that the papilla could be 
visualised with a dissecting microscope. As a glass micro- 
pipette (tip diameter less than 0.5 wm) was advanced into 
the papilla (Fig. la) sound was delivered to the external 
ear and electric potentials were measured continuously. An 
abrupt negative shift in the d.c. potential was taken to 
indicate that the tip of the micropipette had entered a cell 
(Fig. 1b). (Intracellular d.c. potentials ranged between 
—25 mV and —125 mV in 90% of 547 cases with a median 
of —74 mV.) Stable negative d.c. potentials were often 
recorded for as long as 2 min and in a few cases for 30 min. 
The maximum displacement of the basilar membrane in 
these experiments (measured by the Mössbauer method”) 
was estimated to be less than 0.1 wm. Since this displace- 
ment is much smaller than the dimensions of the cells, it is 
not surprising -that the micropipette tip could remain intra- 
cellular in the presence of this motion. Attempts to mark 
the cells after recording their responses to sound were made 
by passing current through dye-filled micropipettes'®". 


-Immediately after the experiment the intact papilla was 


dissected and the position and type of each dye-marked 
cell were determined by observation with a light or 
fluorescence microscope. For more precise localisation of 
the dye, the basilar papilla was sometimes embedded in 
Epon and serial sections were examined. 

To assess whether the experimental procedures interfered 
grossly with the normal operation of the basilar papilla, 
extracellular responses were measured with a wire electrode 
on the bone near the round window. It was possible to 
expose the basilar membrane and to advance a micro- 
pipette into the papilla without significantly changing this 
extracellular response (Fig. 1b, bottom trace). The electric 
responses recorded intracellularly apparently did not result 
from mechanical vibration of the micropipette tip, because 
injection of sodium pentobarbital into scala tympani greatly 
reduced both the intracellular responses recorded with the 
micropipette and the extracellular response recorded with 
the wire electrode without changing the motion of the 
basilar membrane. 

The intracellular responses to sound recorded in the 
papilla were graded potentials with a maximum amplitude 
of 3 mV peak-toepeak, and a short (less than 0.5 ms) latency 
in response to clicks. Responses to tone bursts had com- 
ponent wavefofms that resembled the cochlear micro- 
phonic (CM) and summating (SP) potential that have been 
recorded extracellularly”®, suggesting that these intracellular 
response components (ICM and ISP in Fig. 2a) may be 
Sources of the. extracellularly recorded responses. Although 
the eratio of the magnitudes of ISP and ICM varies from 
cell to cell and is a function of stimulus parameters, ISP 
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was always a depolarisation. ICM was approximately 
sinusoidal with a fundamental frequency equal to the tone 
frequency (Fig. 2b). 

Electric responses to sounds were of nearly the same 
magnitude in both hair cells and supporting cells, but the 
waveforms of the responses to clicks differ in these two 
types of cells". The largest responses recorded (3 mV) from 
identified hair cells in the basilar papilla were comparable 
in magnitude with those reported for identified hair cells in 
lateral-line organs®*. In contrast, the responses recorded in 
supporting cells were apparently larger (1.5 mV maximum) 
than those found in lateral-line organs®®. All-or-none 
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Fig. 2a, Averaged intracellular response to tone-burst 
stimuli. Deviations of the potential from the resting poten- 
tial are shown; upward direction is a depolarisation of the 
cell. The cell in which this response was recorded was 
identified as a supporting cell based on its response to 
acoustic clicks. ICM (intracellular cochlear microphonic) 
is the response component that follows the individual cycles 
of the tone: ISP (intracellular summating potential) follows 
the tone burst envelope. The arrows indicate the approxi- 
mate magnitudes of these components. Tone bursts of 50 
ms duration were delivered at a rate of [@ s-i. Rise-fall 
time was 2 ms. Frequency was 250 Hz and level was 94 dB 
SPL at the tympanic membrane. The average*response was 
computed from 333 individual responses sampled at 400 ys 
intervals at 200 points. These points are connected by 
straight lines. b, Averaged intracellular response to a con- 
tinuous tone recorded from a hair cell (as identified by dye- 
marking). Tone frequency was 500 Hz and level was 73 dB 
SPL. This averaged response was computed from 310 
individual responses sampled at 20 p8 intervals. s 


Nature Vol. 249 May 31 1974 


(action) potentials were never observed during penetrations 
of the basilar papilla, but were recorded during penetra- 
tions of the myelinated portion of the cochlear nerve at 
locations between the ganglion cell bodies and the habenula 
perforata (Fig. la). 

We should like to make some general comments about 
our results: (1) The existence of intracellular response 
potentials which are similar in waveshape but larger than 
the extracellular cochlear nucrophonic and summating 
potentials is consistent with the widely-held view that the 
cells of the sensory organ are sources of these extracellular 
potentials. The sodium pentobarbital-induced reduction of 
both intracellular and extracellular potentials is also con- 
sistent with this view. (2) The occurrence of responses of 
comparable magnitude in hair cells and supporting cells 
suggests either that supporting cells respond directly to 
sound and/or that hair cells are sources of currents which 
produce potentials in supporting cells. Thus supporting cells 
may play some role in the transduction process”. (3) The 
hair-cell afferent nerve junction is probably a chemical 
synapse’. Studies of chemical synapses indicate that pre- 
synaptic potentials of a few millivolts can produce changes 
in the release of transmitter substances". Thus the 
receptor potential in hair cells may modulate transmitter 
release. (4) Studies of action potentials in single fibres of 
the auditory nerve" have demonstrated that during a tone 
burst (a) the mean rate of occurrence of action potentials 
is increased, and (6) action potentials tend to occur in 
synchrony with individual cycles of the tone. The fact that 
intracellular potentials in receptor cells have components 
(ISP and ICM) with waveshapes that are similar to the 
observed action-potential patterns is consistent with the 
view that these intracellular potentials may be a causal step 
in the excitation of action potentials in auditory nerve 
fibres. 
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Behavioural and physiological bases of 
drinking inhibition m water deprived rats 


Furo balance is normally precisely maintained. Yet, following 
water deprivation, neither rat nor man drink enough water to 
correct the incurred fluid deficit. Fluid balance is corrected, 
however, when food is also made available. Adolph! termed 
this phenomenon voluntary dehydration. 

In this communication, experiments that identify the physio- 
logical and behavioural bases of voluntary dehydration are 
described. In preliminary analyses, to be reported elsewhere, 
we found first, that only 79% of the fluid lost by rats deprived 
of water for 24 h was restored by drinking; second, that water 
intake stopped in spite of a persistent intravascular deficit 
(estimated to be 20% from haematocrit and plasma protein 
measures”); and third that the cessation of drinking was 
closely associated with the development of cellular overhydra- 
tion (based upon Leaf’s treatment® of Na as an estimator of 
plasma volume). Specifically, 15 min after the start of drinking, 
79% of drinking was complete and the cellular phase was 
estimated to be 1.5% i hea (t = 2.217, d. f. = 15, 
P <0.05). 

These correlational observations indicate the following alter- 
natives regarding the determinants of voluntary dehydration. 
Intake may be exclusively controlled by the hydrational status 
of the cellular phase. That is, cellular overhydration may be 
the necessary and sufficient event to prematurely terminate 
drinking. This predicts that the manner in which cellular over- 
hydration is attained by drinking compared with gavage, is 
irrelevant. Absorption may allow the mouth and stomach to 


control drinking either by metering fluid intake or by reducing 


the urge to drink. Both oral and postingestional information 
may be critical and drinking may stop because the ingestive act 
is closely related in time to its ‘:postingestive consequences. 

To distinguish among these alternatives, ten adult female 
Sprague Dawley rats were each studied on nine occasions (in- 
cluding two baseline tests where sham preloads were given). 


Table 1 Outline of deprivation, preloading and drinking schedule 
followed in this study 

Oh 23h 24 h 25 h 
Water Preload Preload Preload 
deprived : 
(Purina Intubate or Intubate or Drink watér or 
pellets drink water or drink water or 0.153 M NaCl 
available) 0.153 M NaCl* 0.153 M NaCl* forS5h 


* The amount given was 27.5% of the water loss. 
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Fig. 1 Percentage of fluid deficits replenished in each of the 
eight conditions. % replenished = 

[(preload (m!)+ test intake (ml))/water loss (mI} x 100 

The spontaneous drinking of sham loaded rats is presented as the 
baseline at 80%. IGW, Intragastric pore DW, drinking water; 
IGS, intragastric saline; DS, drinking : saline. _] Water drunk 
during test; saline drunk during test. EZ The first open column, 
for example, indicates that the first dare was water delivered 
intragastrically, water was drunk as the second preload and water 
was drunk during the 5 h test. * P < 0:05 7 P < 0-01 


Tests were separated by a mean of 7 d (range 4-10 d) and each 
rat was tested under a different semirandom order of preload 
and drinking conditions. The general procedure is presented 
in Table 1. On a given test, following 23 h of water (but not 
food) deprivation, food was removed and each rat drank, or 
received by gavage, one half of its fluid loss (approximated to be 
67% of body weight losst). One hour later the second half was 
either drunk or intubated. After another hour, either tap water 
or isotonic saline (0.153 M) was made available for 5h. Food 
and water were then made continuously available until the next 
test. 

Figure 1 compares total intakes (that is, the amount of pre- 
load and amount drunk during the drinking test) to the amount 
drunk spontaneously following sham loadings. In all but two 
conditions, total intake equalled or exceeded the amount drunk 
spontaneously following sham loadings. Total intake was 
actually reduced in the two exceptional cases (Fig. 1) and it was 
only in these two conditions that the second water preload was 
drunk following an initial water preload. Absorption of this 
volume of water was sufficient to produce cellular overhydration. 
Thus, only in situations in which development of cellular over- 
hydration was closely paired with drinking, was premature 
termination of drinking exaggerated. 

Cellular overhydration per se was not the critical event 
terminating drinking. If it were then the outcomes of the first 
four conditions, in which identical water preloads were delivered, 
and comparable haemodilution occurred, should not have 
differed one from another. 

Neither the ameunt of the preload drunk nor the time spent 
in its drinking were the determining factors. If they were, then 
intake following the DW+DW sequence (see Fig. 1) should 
have been the most suppressed. Drinking here did not differ 
however, from the IGW-+DW condition where only one half 
of the preload was drunk. Moreover, if oral metering per se 
were the critical factor, then intake following IGW-}- DW should 
not bave differed at all.from that following the DW+IGW 
sequence. As seen in Fig. 1, however, ifitakes differed markedly. 
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The IGS+DW condition (Fig. 1) indicates that the pre- 
vailing factor in the first two conditions was not the memory of 
having recently drunk water. Here the preload of DW followed 
intragastric isotonic saline. That ts, drinking occurred in the 
absence of cellular overhydration. This emphasises that when 
water intake is divorced from cellular overhydration, drinking 
continues. 

The shaded column of Fig. 1 (the test solution isotonic saline) 
suggests that the efficacy of treatment IGW-+ DW resided in the 
inhibition of water ingestion and not in thirst reduction. If it 
were the elimination of thirst, then no drinking should have 
occurred during the test hour regardless of the proffered solu- 
tion. Yet a considerable volume of saline was ingested pre- 
sumably in response to the prevailing extracellular deficit. This 
is an important aspect of the phenomenon for it raises the 
possibility that inhibition of drinking is specific to the solution 
drunk during the development of cellular overhydration. The 
final column emphasises the importance of cellular overhydra- 
tion. When the entire preload was isotonic saline, a solution 
which has little initial effect on cellular balance, water intake 
was very substantial (9.4 ml). 

The only conditions that exaggerated voluntary dehydration 
were those in which water intake occurred in contiguity with 
cellular overhydration; namely, drinking the entire water pre- 
load or intubating the first half of the preload and drinking the 
second half. Intubation of the entire preload or drinking the 
first half and tubing the second half did not have this effect. 


These data provide the behavioural and physiological bases 
for the natural occurrence of voluntary dehydration in rats and 
indicate that: as drinking ensues, water is quickly cleared from 
the stomach and absorbed‘; the cellular phase becomes 
rapidly overhydrated, and this occurs while the rats are actively 
engaged in drinking; the water remaining in the stomach and 
intestine is cleared, absorbed, and excreted in a dilute urine. 
The exaggeration of voluntary dehydration is likely a result of 
allowing ample time for complete absorption following the 
preloads and thereby avoiding any lag in the system. 


The above theory predicts therefore, that even if the entire 
amount drunk were to be preloaded by gavage, drinking would 
still occur. This is precisely what happened. Ten rats pre- 
loaded a mean of 14.7 ml (the gross intake of a previous test) 
drank an additional 3.0 ml (range 1.0-5.0 ml) despite the fact 
that the preload caused substantial overhydration (x =7.1 %). 


The implications of this report may extend beyond voluntary 
dehydration to include other ingestive phenomena. For 
example, Nachman and Valentino? have shown that adrenalec- 
tomised rats, although intubated with the amount of NaCl re- 
quired to satisfy their salt deficit, drank a considerable amount 
of 0.3 M NaCl. There have also been reports that water 
delivered by gavage is not nearly as effective as water taken by 
mouth in reducing intake to either intravascular depletion by 
hyperoncotic colloid® or to intracranial angiotensin’. Accord- 
ing to Fitzsimons, rats infused with their normal daily water 
requirement still drink significant amounts®. Janowitz and 
Grossman? have shown that loading food intragastrically 20 
min before regular feeding failed to depress intake in dogs. 
Baille et ai. reported that intragastric intubation of glucose 
inhibited feeding only when the load was delivered concurrently 
with feeding. If the load was delivered 30 min in advance of 
feeding, there was no suppression. Miller" has presented 
extensive evidence that rats work for more food or water follow- 
ing intragastric preloads than following oral preloads. These 
data have, in general, been intrepreted from the ‘drive stimulus 
reduction’ point of view, or with the idea that the mouth in 
some way meters the amount of ingesta appropriate to the 
animals’ requirement. In light of the present evidence, these 
interpretations might be re-evaluated and the influence of 
ingestion in contiguity with its postingestional consequences 


explored, è 
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Optical polarisation indicates lmear 
arrangement of rhodopsin oligosaccharide 
chain in rod disk membranes of frog retina 


RHODOPSIN, the visual pigment of the retinal rods, is a 
doubly conjugated protein constituting about 80% of the 
total protein of the rod disk membrane in the frog’. The two 
prosthetic groups of rhodopsin are the visual chromophore 
retinal, and a single oligosaccharide chain comprising six 
sugar residues*’, 

Electron microscope“ and X-ray diffraction’-” studies 
offered no evidence for the orientation of the chromophore 
molecules or the oligosaccharide chains of rhodopsin with 
respect to the plane of the disk membrane. The negative, 
dichroism of the outer segments with the greater absorption 
for light polarised perpendicularity to the rod axis” indi- 
cated that the chromophore molecules are oriented with 
their long axis parallel to the plane of the disk membranes. 
That no dichroism in the axial direction could be observed, 
indicates that the chromophore molecules are scattered 
randomly in all directions with their lengths in the plane of 
the membrane. It was found recently" that when a flash of 
linearly polarised light passed along the lengths of the rods, 
axial dichroism was induced as a result of bleaching of the 
retinal molecules lying parallel to the plane of polarisation 
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Fig. 1 Paraffin section of formaldehyde-fixed frog retina, depig- 
mented with H,O, and stained with 0.1% toluidine blue at | 
pH 30 for 5 min. After blotting off the dye solution, the stain- 

ing effect was stabilised with 2% potassium ferricyanide” and 
mounted in gum arabic which was allowed to dry; a, in the 
light ‘microscope, at this pH, only the cell nuclei appear stained 
the rad outer segments show no dye binding. At the top the 
basophilic scleral cartilage is seen; b, the same field with the 
polaroids crossed. The ground substance of the cartilage shows 
strong toluidine blue induced birefringence”. Above the carti- 

lage birefringent collagen fibres are seen. 
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of the light used. This dichroism, however, was very short 
lived and rapidly decayed with a relaxation time of about 
12 ms, but was more persistent in glutaraldehyde-fixed rods. 
It was concluded that in the native state rhodopsin molecules 
were free to undergo rotational (Brownian) motion, however, 
with the chromophore remaining in the plane of the disk 
membrane. This would indicate a relatively fixed rotation 
axis of the rhodopsin molecules perpendicular to the plane 
of the membrane. : 

Thus rhodopsin seems to be highly oriented in the 
photoreceptor membrane”, which seems to be of great 
functional importance: it secures the greatest possible 
absorption of incident light of all possible vibration planes 
by way of the membrane parallel orientation of the chromo- 
phore molecules and by the rotational motion ot rhodopsin. 

The question can be raised whether the hydrophilic oligo- 
saccharide chain of rhodopsin has a definite form and 
arrangement with respect to the plane of the membrane, 
indicating its possible contributory role in the maintenance 
of the order of rhodopsin in the disk membrane. So far no 
information about the steric arrangement of the oligosac- 
charide chain of rhodopsin has been available. 
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Fig. 2 After depigmentation and preoxidation with 0.1% HIO; 
(30 min) the slice was kept in aqueous saturated sodium bisul- 
phite (30 min) and then stained with toluidine blue at pH~1.0, 
stabilised with potassium ferricyanide. a, At this pH the cell 
nuclei remained unstained but there is strong basophilia of the 
outer segments of the retinal rods, sharply delineated against 
the unstained inner segments. (The basophilic granules—with 
weak mosaic-like birefringence in (b}-seen around the cell 
nuclei in the scleral row of the outer nuclear layer were glyco- 
gen granules and could be removed by diastase.) At the top 
the basophilic scleral cartilage is seen; Tne same area as in, (a) 
with the polaroids crossed. The basophilic outer segments re- 
veal a strong toluidine blue-induced negative birefringence with 
respect to their lengths, with retardations of about 30 nm at 
600 nm. The cartilage shows strong toluidine blue induced 
birefringence”. 


Since we have developed a polarisation optical method 
for demonstrating linearly ordered glycol groups in poly- 
saccharide chains, we have used this method in an attempt 
to decide whether the oligosaccharide chains of rhodopsin 
have a definite orientation with respect to the plane of the 
disk membrane. The method is based on the preoxidation 
by periodic acid of the vicinal OH groups, or amino-alcohol 
groups, of carbohydrates to dialdehyde groups, which after 
addition of sodium bisulphite, become negatively charged 
and able to bind toluidine blue at pH 1.0. This results in 
strong basophilia of the reacting compounds as reported for 
glycogen” and, as we have found, in a strong toluidine blue 
induced birefringence: negative in character with respect to 
the oligosaccharide chains when they are present in a linear 
order (as in neutral mucins, basement membranes and starch 
granules). As all the carbohydrate residues of the oligosac- 
charide chain of rhodopsin (three glycosamine, two mannose 
and one galactose) may be expected to react with periodate” 
as confirmed by the strong periodic acid Schiff reaction of 
the rod outer segments, the method proved promising for the 
investigation of whether or not the carbohydrate chain of 
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rhodopsin was arranged in a definite order with respect to 
the plane of the disk membrane. 

Dark-adapted retinae of the frog (Rana esculenta) were 
fixed by perfusion from the aorta in 10% formaldehyde 
solution, in a mixture of formaldehyde (5“,), and glutaralde- 
hyde (2%), and in Zenker fixative. Good polarisation optica! 
results were obtained with formaldehyde and Zenker. 
Glutaraldehyde, a bifunctional cross-linking agent markedly 
depressed the optical effect, but not the induced basophilia, 
apparently because of the extensive cross linking of the 
underlying structure, which inhibits oriented dye binding. 
Paraffin slices were investigated in the light and polarisation 
microscopes. Data on the periodic acid bisulphite addition 
(PA-BSA) reaction and toluidine blue staining are included 
in the legend of Fig. 1. In Fig. la, the rod outer segments 
do not stain with toluidine blue at pH 3.0 and are isotropic 
in the mounting medium used (Fig. 16). After PA-BSA 
reaction and toluidine blue staining (Fig. 2a) the outer seg- 
ments reveal strong basophilia sharply delineated against 
the inner segments and corresponding to the staining with 
the PAS reaction, both indicating the presence of vicinal OH 
groups in great density in them. After the PAS reaction. 
however, the outer segments are optically isotropic, which 
means that this histochemical reaction of the vicinal OH 
groups gives no information about the molecular structural 
order of the underlying carbohydrate component in the 
photoreceptor membranes. On the other hand after PA-BSA 
reaction and toluidine blue staining the basophilic outer 
Segments appear strongly birefringent (Fig. 24) with a 
dispersion curve of their birefringence as a function of the 
wave length of the light as shown in Fig. 3. In it a diagram 
is included to show the underlying molecular mechanism of 
the PA-BSA reaction and the oriented toluidine blue binding 
of the carbohydrate chain with the resulting anisotropy. 

It is obvious that optical anisotropy as a result of 
oriented molecular textures”. Therefore, the toluidine blue- 
induced anisotropy of the outer segments after PA-BSA 
reaction cannot be explained as arising either on randomly 
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Fig. 3 Dispersion curve of the toluidine blue-induced birefrin- 
gence of the rod outer segments of Fig. 2 b, which are negatively 
birefringent for light of wave length over A 540 nm and posi- 
tive under A 530°nm. In the zone of immersion (------:-+-- ) 
no exact measurement of birefringence was possible. The in- 
version of birefsingence is the result of anomalous dispersion 
of the refractive indices of toluidine blue when present in un 
Oriented system*!. As a result of the dispersion of the toluidine 
blue induced birefringence anomalous colours were seen: blue 
at additive, and red at subtractive compensation. The negative 
birefringence for the long-wavelength side of the spectrum indi- 
cates membrane-parallel orientation of the dye molecules! and 
in furn, membrane perpendicular orjentation of the reacting 
ofigosaccharide chains of rhodopsin. 
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arranged straight oligosaccharide chains or on irregularly 
bended oligosaccharide chains of the rhodopsin molecules. 
Thus, from these polarisation optical findings it may be 
concluded that the oligosaccharide chains of rhodopsin have 
a Straight linear form oriented perpendicularly to the plane 
of the disk membrane. 

It seems reasonable to assume that these straight hydro- 
philic carbohydrate chains of the rhodopsin molecules pro- 
trude into the aqueous area of the disk membranes. In this 
way they may form an axis for each rhodopsin molecule, 
which may well act as an axis for their rotational motion as 
inferred from the polarisation optical studies of Brown” 
and Cone", and suggested by Vanderkooi™ in his membrane 
model. It is interesting to note that Heller’, who was the first 
to demonstrate the oligosaccharide chain as an integral part 
of rhodopsin, suggested that by hydrophilic interactions the 
carbohydrate moiety probably served as an orientation factor 
for the rhodopsin molecules in the membrane. Corless*! 
even assumed that the carbohydrate chains might serve as 
rotation axes for the rhodopsin molecules, although there 
had been no evidence for a definite orientation of these side 
chains with respect to the plane of the disk membrane. Our 
polarisation optical observation indicating a straight form 
of the oligosaccharide chains of rhodopsin with perpen- 
dicular orientation to the plane of the disk membrane, 
strongly supports such a view on the structura]-functional 
significance of this part of the rhodopsin molecule. 
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Adaptation to invisible gratings and the site of 


binocular rivalry suppression 

/THE visual system can be described usefullyeas a hierarchical 
series of functional stages, the initial stage being physical 
impingement of the stimulus and the terminal stage being 
visual perception. Psychophysical investigations typically 
provide rigorous specification of the first and last stages in 
the sequence, but a more complete explanation clearly must 
include information about intermediate stages as well. At 
present, however, very few techniques are available. for 
analysing inferentially the intermediate stages’. By incorpor- 
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ating two separate phenomena, binocular rivalry and visual 
aftereffects, into one paradigm, we describe here another 
technique for inferential analysis of the stages leading to 
vision. This technique indicates the sequence of stages 
underlying both phenomena. 

Binocular rivalry refers to the transitory, phenomenal 
suppression of each eye’s view produced when the two eyes 
receive different stimulation®. Even though a rivalry-inducing 
stimulus continuously impinges on the retina, it is only 
intermittently visible. Several characteristics of rivalry 
indicate that it is a reflexive process, the suppression state 
resembling in many ways a central scotoma*~’. Visual after- 
effects refer to temporary perceptual distortions produced 
by prolonged exposure to a stimulus, some familiar examples 
being the waterfall illusion’, figural aftereffects’, and the 
more recently discovered McCollough effect”. Up to a limit, 
the magnitude of most aftereffects increases with duration 
of exposure. This property of aftereffects, coupled with 
the unique dissociation of physical stimulation and pheno- 
menal viewing characteristic of rivalry, provides the key- 
stone to the technique reported here. Imagine that an 
aftereffect-inducing stimulus impinges on an eye for a cer- 
tain duration, but at the same time is phenomenally sup- 
pressed for a substantial portion of that time because of 
binocular rivalry. If the inducing stimulus remains effective 
while suppressed, the magnitude of the aftereffect will 
correspond to the duration of physical stimulation. But if 
the stimulus is rendered ineffective by suppression the 
aftereffect will be weakened, and its magnitude will corres- 
pond to the duration of phenomenal viewing. We have 
applied this technique using two spatial frequency after- 
effects, both of which are induced by prolonged exposure to 
a grating pattern of repetitive light and dark bars, One 
aftereffect is an elevation in threshold contrast’, and the 
other is a shift in apparent spatial frequency’’. Both after- 
effects are limited to gratings similar in spatial frequency 


' and orientation to the adaptating grating. We have found 


that suppression exerts no influence on the growth of either 
of these aftereffects, and take this as evidence that the stage 
where suppression occurs is located subsequent to the site 
of these aftereffects. 


Left eye Right eye 
Test and Soares 
adaptation 1° Suppressor 
grating eee S grating 
30 Sou 
Comparison 
grating 


Fig. 1 The haploscopic stimulus arrangement used to 
induce and measure the spatial frequency after effects. 
Spatial frequency (number of cycles of the grating per degree 
of visual angle) and contrast (difference between the maxi- 
mum and minimum intensities in the grating divided by 
their sum) could be altered, and the gratings turned off or 
on, without disturbing the mean luminance, 17 cd m7’. 


The displays used in our experiments are illustrated in 
Fig. 1. Squarewave gratings, masked to 1° square by trans- 
illuminated plastic sheets, were generated on cathode-ray 
tubes mounted onto the arms of a large haploscope. i 
Subjects viewed the displays from a distance of 91.6 cm 
through 3 mm artificial pupils, with head movements mini- 
mised by a bite-board and headrest. Space-average luminance 
of eath grating was 17 cd m~, independent of spatial 
frequency or contrast, and the luminance of the masks was 
5.1 cd m~™. Each grating could be turned off or on without 
changing the average luminance. With the two displays 
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fused, the horizontal suppressor grating appeared in bino- 
cular coincidence with the upper left-eye grating, with a 
small fixation bar appearing immediately below. Thin 
vertical stripes on each side of the gratings facilitated fusion 
of the two displays. 

We used a matching procedure to measure the after- 
effects. While staring at the fixation bar, subjects quickly 
adjusted the test grating, using a potentiometer, to match 
the comparison grating on the basis of either contrast 
(experiment 1) or spatial frequency (experiment 2), offset- 
ting the potentiometer after each adjustment. During these 
adjustments the right-eye suppressor grating was turned off. 
Adjustments were made before and immediately after ex- 
posing the left eye to an adaptation grating which tempo- 
rarily replaced the test grating. During this adaptation period 
the subject gazed back and forth along the fixation bar to 
discourage formation of an afterimage. Each experiment 
consisted of four conditions of adaptation: (a) condition T— 
the adaptation grating was continuously present and visible 
for ż s, with the right-eye suppressor grating turned off; (b) 
condition 2T—-the adaptation grating was continuously 
present and visible for 2f s, with the suppressor grating off; 
(c) condition BR—the adaptation grating was physically 
present for 2¢ s but was seen for a total of no more than 
t s due to rivalry suppression produced by the suppressor 
grating presented to the right eye; and (d) condition RM— 
the adaptation grating was physically present and visible for 
t s distributed intermittently over 2¢ s, intermittency being 
produced by alternately exposing the left-eye adaptation 
grating and the right-eye suppressor grating following a 
pattern mimicking the fluctuations of rivalry. Each trial 


thus involved a preadaptation match of the test grating to . 


the comparison grating, exposure to one of four adaptation 
conditions, followed immediately by a postadaptation match 
of the test grating (which fell on adapted retina) to the 
comparison grating (which fell on unadapted retina). Seven 
trials were devoted to each adaptation condition, the order 
of trials being haphazard. On each trial of condition BR, 
subjects continuously reported on rivalry fluctuations using 
a switch connected to an event recorder. Subjects rested at 
least 5 min between trials, until the aftereffect had dis- 
sipated. 

Before an experiment, two adaptation durations, different 
by a factor of 2, were selected for each subject to maxi- 
mise differences in the magnitude of the aftereffect under 
study. Only durations of 60 s or less were selected, for 
beyond this period the magnitude of the aftereffects no 
longer increased. Also, the spatial frequency and contrast of 
the adapting grating were adjusted for each subject to insure 
at least 50% suppression of the adaptation grating. Of 
three subjects, two were naive regarding the purpose of 
the experiments. 

In experiment 1, the comparison grating was set for each 
subject at threshold contrast, and the spatial frequencies of 
the test, comparison, and adaptation gratings were identical. 
For two subjects the left-eye gratings were 3 cycles per 
degree, while for the remaining subject they were 6 cycles per 
degree. For each subject the contrast of the adaptation grat- 
ing was approximately 1 log unit above threshold: With 
these spatial frequency and contrast values, the adaptation 
grating was suppressed for at least 50% of the adaptation 
period on each trial of condition BR, as determined from 
the graphic records of rivalry. The duration of adaptation 
t (condition T) varied from 15 to 30 s among subjects. The 
results from this first experiment are summarised in the 
graphs of Fig. 2a, which show for each subject the magni- 
tude of the elevation in threshold contrast produced by-seach 
of the four conditions of adaptation. While all conditions 
produced some adaptation, the aftereffect for condition BR 
was significantly greater (P<0.01, ¢ test) than either con- 
dition T or RM and was at least as large as that for con- 
dition 2T. Control trials were included to determine (i) if the 
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Fig. 2 The three bar graphs in (a), one for each subject, 
show the magnitude of the elevation in threshold contrast 
for four conditions of adaptation. Each value represents 
the mean (n=7) ratio of the adapted threshold to the 
unadapted threshold, minus 1.0. No aftereffect is thus 
represented by a value of 0.0. The arrow and dashed 
horizontal line indicate for each subject the level of signi- 
ficant threshold elevation (a ratio value equivalent to 
2V2 times the standard error of the unadapted thresholds), 
The average standard error for adapted thresholds was only 
about 0.03 log units, The three bar graphs in (b) show the 
magnitude of the shift in apparent spatial frequency, ex- 
pressed as the mean (#n#=7) percentage difference from 
unadapted frequency matches. No aftereffect would yield a 
value of 100. Again the arrow and dashed lines mark the 
level of significant aftereffect, based on unadapted standard 
errors. 


suppressor grating alone influenced the visibility of the test 
grating, (ii) if the effects of the adaptation grating spread to 
the comparison grating, and (ill) if the aftereffect was 
limited to frequencies similar to that of the adaptation 
grating. Results confirmed that the aftereffect was fre- 
quency specific and unconfounded by either the suppressor 
grating or by interaction between the adaptation and com- 
parison gratings. Considered together, this pattern of results 
demonstrates that suppression exerts no influence on the 
growth of the threshold elevation aftereffect. 

In experiment 2, in which we studied the size aftereffect”, 
the spatial frequency of the comparison grating was 6 cycles 
per degree and the adaptation grating was 8 cycles per 
degree; all gratings were 1 log unit above threshold contrast 
and the durations ¢ varied from 15 to 30 s among subjects. 
Results from this experiment, shown in Fig. 26, follow the 
same pattern of results and significance found in the previous 
experiment. Because this aftereffect involves a change only 
in spatial frequency, not in contrast, these results extend 
the generality of those obtained in the first experiment. 

In both instances the magnitude of the aftereffect was 
determined solely by the duration of physical impingement, 
phenomenal suppression exerting absolutely no influence. 
Yet from other data we know that suppression exerts 
potent inhibitory effects, at both the psychophysical- and 
electrophysiological level®’. Thus the failure of suppression 
to weaken either aftereffect must mean that spatial fre- 
quency information arrives at the locus of the aftereffects 
even during suppression. This in turn implies that the neural 
mechanism responsible for suppression resides within the 
visaul system after the site of the aftereffects which is 
generally presumed to be visual cortex", Our conclusion 
is based, of coyrse, on the quite plausible assumption that 
pattern information is processed in serial fashion from eye 
to cortex. 

ə» Our experiments have helped to clarify the interaction 
between pattern adaptation and rivalry suppression. The 
techhique of functiondily uncoupligg stages of the visual 
system by means of suppression, however, seems generally 
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applicable to other phenomena involving time-dependent 
effects and suppressible stimuli. 
We thank the US Public Health Service for research sup- 
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Memory in enzyme membranes 


THe problem of information storage in the phase of ‘short 
term memory’, has attracted considerable attention. A 
plausible mechanism for the process is based on an all-or- 
none process, assuming the existence of metastable states’. 
Such phase transitions were thought to require structural 
changes in macromolecular components or in the membrane 
permeability of the information storage unit™. 

The rapid development in the techniques of manufacturing 
synthetic enzyme membranes® provides a new tool for 
demonstrating the existence of hysteretic phenomena which 
do not occur as a result of structural changes in a system. 

The idea is based on studies by chemical engineers in 
which cooperative effects resulting from a nonlinear tempera- 
ture dependence of rate coefficients were investigated from 
the point of view of the stability of chemical reactors. The 
existence of multiple stationary states was demonstrated for 
a reaction mixture having different reaction rates for the 
chemically controlled region and the diffusion-controlled 
region under the same external parameters. As a result the 
possibility of hysteresis and oscillations in internal para- 
meters of the systems when coupled with thermal flows arose 
and was discussed’. 

In analogy to these results, we demonstrate here ‘the 
existence of hysteretic phenomena, through simple kinetic 
mechanisms which are shared by most enzymes. We refer 
to the two simple cases; autocatalysis by the product, and 
inhibition by excess substrate. Both are examples of systems 
which do not satisfy the Le Chatelier-Braun principle, and 
the phenomenon never takes place along the whole range of 
concentration values, thus resulting in a*maximum in the 
activity. When coupled with diffusion of the product of sub- 
Strate respectively, there is, because of the fonlinearities in 
the reaction rate, the possibility of three stationary states, of 
which two are stable and one unstable, for a limited range 
of parameter values®. 

Two. enzymatic reactions were studied. The hydrolysis of 
benzoyl arginine ethyl | ester (BAEE4 by papain (EC3.494.10) 
and the oxidation of ‘uric acid by uricase’ (EC1.7. 3.3). In 
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both systems displaced far from equilibrium (namely, high 
pH for the papain system (of which the product is a strong 
acid, pH=3.38) or excess of substrate for the uricase system) 
an autocatalytic effect of the product, or substrate inhibition, 
respectively is seen. When the reagents are subject to diffu- 
sion limitation (for example when bound to a membrane 
matrix), the description ‘stationary state’ implies equal rates 
of supply and consumption through the diffusional flows 
and the chemical processes, at any point in the reaction 
space. The rate of hydrolysis is a function of BAEE con- 
centration, hydrogen ion concentration and their diffusivities, 
and the rate of oxidation is a function of uric acid con- 
centration, oxygen concentration, and their diffusivities. 
Under zero order kinetics for the oxygen or BAEE, a degree 
of freedom is lost, thus eliminating the occurrence of oscil- 
latory behaviour, demonstrated’ previously®”, and forcing 
the systems to remain in one of the two stable stationary 
states, depending on its history. 

Two different methods were used in these studies. The 
papain membrane was produced on the surface of a rotating 
pH glass electrode, by pouring a solution of collodion (3%, 
w/v), in ether (48%), ethanol (50%) and water (2%), on the 
surface of the electrode bulb (Metrohm, ‘combined’, while 
rotating horizontally around its revolution axis at 100 r.p.m. 
After 2-3 min, the membrane-electrode was introduced into 


Internal pH 





llo 10.5 10 
External pH 


Fig. 1 Papain membrane-coated electrode. Stationary state 

description of internal pH as a function of increasing (a), 

and decreasing (b), the external pH values. The experiment 

started with decreasing the pH and then increasing. (See text 
for details.) 


a solution of nonactivated papain (1 mg ml™'), 0.1 M KCI 


for 3d in 4° C (ref. 11), and then introduced to a solution 
of glutaraldehyde (0.5%) in phosphate buffer (0.02 M, pH 
6.8), for 3 h at room temperature. The immobilised enzyme 
was activated by immersion in a solution containing EDTA 
(1 mg ml7}), cysteine (1 mg mi™) and 0.1 M KCI, and then 
introduced in water, at 60° C, for 90 min, to cause partial 
denaturation, and to reduce the activity. It was then rein- 
troduced to the cysteine EDTA solution, substrate was added 
andethe pH at the electrode-membrane interface was re- 
corded as a function of time and external pH. The results 
are given in Fig. 1, showing a hysteresis loop with two 
Steep transitions, from pH 9.7-5.8 and from pH 6.7~10.2. 
Each point describes a quasistationary state of the system 
under constant external pH, controlled by a pH-stat appa- 
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Fig. 2 Uricase membrane immersed in a solution of sub- 

strate. Enzyme activity (U) as a function of the substrate 

concentration in the bulk solution. Results are given for 

increasing (a) and decreasing (b) substrate concentration 
value. (See text for details.) 


ratus adding NaOH. At each point, an additional amount of 
substrate was added, verifying zero order kinetics. Because 
of the high rate of BAEE hydrolysis catalysed by hydroxy] 
ions at pH values higher than 10.5, compared with the low 
reaction rate, excess substrate was also verified at the end of 
the experiment. This was done by reducing the pH of the 
solution to 7, removing the electrode, adding papain to the 
solution and monitoring the amount of base added. The 


external pH was first lowered and then raised to eliminate’ 


an apparent effect due to possible loss of activity. 

The uricase membrane was produced on a plane glass sur- 
face. A cross-linking reaction occurred for 2 h in a solution 
containing 30 mg ml! albumin, 2 mg ml! glutaraldehyde 
and 50 mg ml™ uric acid in phosphate buffer 0.02 M, pH 6.8. 
Before spreading on the glass surface, 0.5 mg ml~’ of uricase 
was added to the solution”. To stir and to reduce the mass 
transfer problems of oxygen, the measurements were per- 
formed with several pieces from the same membrane. The 
pieces were immersed in a buffered solution of substrate 
(glycine-NaOH buffer, pH 3.3, 0.05 M) and put in con- 
tinuous air bubbling. A time gradient of urate is established 
by a controlled pumping (chemical stat) and the rate -of 
substrate consumption was recorded spectrophotometrically 
at 293 nm. Though the oxygen concentration in the system 
is much lower than the urate concentration, zero order 
kinetics for oxygen exists because the oxidation of urate to 
allantoin is the rate limiting step in the reaction chain”, 

The kinetic behaviour of both enzymes, in solution, was 
extensively studied’** and no metastable states were found. 
It is clear that the memory which had been introduced 
into the above systems by diffusion limitations is more pro- 
bable than a memory mechanism based on molecular 
hysteresis. It demonstrates once again the importance of 
taking structural influence into account, especially when 
dealing with complex biological systems bearing enzymes. 
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Correlation between speed of pollen tube 
growth and seedling height in Zea mays L. 


EVIDENCE of a correlation between gametophytic and 
sporophytic qualities could be useful because gametophytic 
competition is both frequent and severe in natural popula- 
tions’. A statistically significant correlation has been found 
in Zea mays between the relative speeds with which pollen 
tubes penetrate the lengths of styles and the relative 
competitive abilities of the resultant zygotes". This correla- 
tion was found in a study of mixtures of two pollen types 
when the sporophytic competition was limited to inter- 
actions between zygotes developing within a common in- 
florescence. It is therefore possible that faster growing 
pollen tubes allow a relatively early start in postfertilisation 
growth which accounts for the competitive superiority of 
the resultant zygotes, although there is a conflicting report’. 

The present study was designed to test for correlations 
between relative. speed of pollen tube growth and relative 
seedling weight, avoiding the possible influence of differ- 
ences in time of fertilisation. Pollen types, of known tube 


` growth rates, were each applied to separate inflorescences 


on plants of known genotypes. Five replications of each 
cross were made. All genotypes used were highly inbred 
and none of the crosses was a self pollination. The relative 
speeds of pollen tube growth were determined by the cer- 
tation technique‘, modified to allow quantitative expression 
of the results’. 

From each of the 35 well-filled ears produced by the 
unmixed pollinations of the present study, 36 seeds were 
removed from the middle segment, avoiding the extreme 
sizes of apical or basal seeds. Seeds were weighed individually 
and planted singly in sand-filled pots 2 inches square in size. 
The environment was controlled at 22+1° C, 2,500 f.c., 
and daylength 18 h. Fourteen days after planting, seedlings 
were cut at ground level and weighed. 

The data were subjected to partial correlation analysis 
with three variables: the relative speed of faster growing 
tubes’, relative seedling weight and relative seed weight 
(see legend to Table 1). Partial correlation analysis tests 
for correlations between any two .factors and, in effect, 
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Table 1 Crosses made and the results observed. 
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Inbred lines used and their 
Pair No. genotypes* ears obtained 
1 BB = yy x 16 = YY 2 
BB = yy x 8 = yy§ 2 
2 3A = yy X Ic = yy l 
3A = yy X 6A = YY§ 3 
3 BB = yy x lc = yy 3 
BB = yy x 6A = YY§ 2 
4 BB = yy x 16 = YY 2 
BB = yy x 3B = yy§ i 3 
5 BB = yy x 16 = YY 2 
BB = yy x BB = yy§ 2 
6 BB = aa x 9c = aa l 
BB = aa x BB = AA 3 
7 BB = aa x 9A = aa 2 
BB = aa x BB = AA§ 3 
8 16 = YYaa x 12 = AA 2 


16 = YYaa x 9 = laa§ 


ho 


Number of well-filled Relative speed of 


Relative seedling 


é Relative seed weightf 
weightt from faster 


from faster 


faster pollen poe pollen 
0.0017 0.928 0.988 
0.0057 1.088 0.993 
0.0088 0,938 0.988 
0.0154 1.209 0.988 
0.0108 0.996 0.978 
0.0198 1.183, 1.049 
0.0300 1.697 1.008 
0.0281 1.148 1.021 





*Lines designated as BB were obtained from Dr Robert Briggs, now of Funk Seed International, Inc., Bloomington, 
{llinois. All others were supplied by the Maize Genetics Cooperative. 
tAverage weight of seedlings resulting from fertilisations by gametes of the faster growing tubes divided by that from 


fertilisations by- gametes of the slower growing tubes. 


fAverage weight of seeds from fertilisations by gametes of faster growing tubes divided by that from fertilisations 


by gametes of the slower growing tubes, 
 §Faster pollen of the pair. 


removes the influence of additional factors. Thus, in the 
present study, the value ri3 refers to the correlation be- 
tween the first two factors, relative pollen tube speed and 
relative. seedling weight, when the influence of the third 
factor is removed (Table 2). 

The partial correlation between selves. pollen tube 
speed and relative seed weight, ri2==0.566, is not statis- 
tically significant, nor is that between relative seedling 
weight and relative seed weight (ra = —0.241). The latter 
result does not indicate that relative seedling weight and 
relative seed weight are generally independent of each 
other, it just means that in this study, no statistically sig- 
nificant portion of the variation in one factor could be 
attributed to variation in the other factor. This is under- 
standable in that a separate analysis of variance (not 
presented here) indicated that if each inflorescence receives 


Table 2 Correlation and partial correlation analyses for relative 
pollen tube speed, relative seedling weight, and relative seed weight. 


“Fy, = 0.781* s 
Fia = 0.608 
Fog == 0.355 r 
Fig. g = 0.761* 
113.2 = 0.566 z 
Fag, >= — 0.241 
*Significant at the 5% level. . 


ry, correlation coefficient between the first and second factors. 
ry2.3, partial correlation coefficient betwgen the first two factogs with 
the influence of the third removed. o 


pollen from only one plant, weights of seeds resulting from 
fertilisations by gametes of the relatively fast pollen tubes 
do not differ significantly from weights of seeds produced 
by gametes of relatively slow pollen tubes, a conclusion in 
agreement with that of Jones’. 

The partial correlation coefficient between the first factor, 
relative pollen tube speed, and the second, relative seedling” 
weight, with the influence of the third, relative seed weight, ’ 
removed is riz.a==9.761, which is significant at the 5% level 
(d.f.=5 with two variables) (ref. 5). This demonstrates that 
a significant number of genetic factors which are expressed 
in the gametophyte are also expressed in the sporophyte. 

This statistically significant correlation between relative 
pollen tube speed and relative weight of the resultant seed- 
lings cannot be due to differences in time of fertilisation 
because there were no interactions between the two types of 
zygotes. It also suggests that seedling vigour, a selectively 
important quality’, can be influenced by gametophytic 
competition. 

This study was supported by a grant of the National 
Institutes of Health and, in part, by a grant from a 
National Science Foundation. 
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Heterocyst formation in a blue-green alga, 
Cylindrospermum 


THE blue-green alga Cylindrospermum, unlike a similar alga, 
Anabaena, where intercalary heterocysts are present, contains 
only two terminal heterocysts (Fig. 1A). When either or 
both the heterocysts are detached, new heterocysts regenerate 
in time. In Anabaena cylindrica, where the heterocysts occur 
at regular intervals, the spacing pattern is determined by 
intercellular interactions, probably involving some inhibitory 
substance produced by the heterocyst itself. No two hetero- 
cysts are produced side by side either in Anabaena or 
Cylindrospermum. The imhibitory substance could be 
ammonia or a substance derived from ammonia’. Here we 
report observations which indicate that an inhibitor controls 
the spacing of heterocysts. 

Clonal cultures of Cylindrospermum trichotosporum were 
grown on Allen and Arnon’s medium’, both on solid and 
liquid media. In some experiments it was also cultivated on 
media containing combined nitrogen, ammonium chloride 
(3 mg ml’) or ammonium phosphate (3 mg ml. The 
growth and formation of heterocysts was followed by the 
methods described by Kale et al.*. Algal material, generally 
15 d old, was suspended in fresh medium and blended in 
a modified kenmix blender for 0.5—-1 min and after dilu- 
tion, drops of the suspension were placed on agar plates. 
Selected filaments were focused under the microscope and 
observations made. 

The number of vegetative cells present between the two 
terminal heterocysts is a fixed characteristic of an algal 
population for a particular set of culture conditions in 
Cylindrospermum, the average length of the filament 
between the two heterocysts is 418 am (107 cells). On liquid 
media with constant shaking, ‘filaments tend to be longer 
than the average and while on agar, the spreading filaments 





. Table 1 Growth needed before the formation of first heterocyst 
in fragments of Cylindrospermum grown on various media. 


Control (Allen and Arnon’s medium) 36* 547 
Medium with ammonium chloride, 3 mg mi~? 55* 4I1f 
Medium with ammonium phosphate, 3 mg ml~! 51* 18ł 





* % increase in length. 
+ No. of observations. 


break into two, usually each fragment having a single 
heterocyst, generally 111-150 sum (21-28 cells) long. When 
the filaments are broken into fragments by blending at high 
speed, the fragments so formed also have a single heterocyst 
and are of a similar range in length (111-130 um). This 
“seems to indicate the presence of naturally occurring weak 
points of breakage in the filaments of Cylindrospermum. 
Fragments of filaments with one heterocyst still attached, 
produced by natural breaking or by high speed blending, 
regenerate the missing heterocyst at the broken end when 
placed on agar (Fig. 1B and C). This is always preceded by 
growth, however, which is found to be inversely related to 
the initial length of the fragment. A fragment with single 
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heterocyst and initial length of 42.8 mum, increased to 
142.8 um (2.38 times), and another with an initial length of 
100 pm grew to 157 am (1.75 times) before the second 
heterocyst developed. The interheterocyst distance in 52 cases 
(total 100) was 141-150 wm and in 74 cases 131-160 xm, with 
an average value of 145 pm as the minimum length needed 
for the regeneration of the second ‘hheterocyst. 

When fragments with no heterocysts attached to them 
were plated on agar plates they invariably regenerated 
one heterocyst first before further growth and the formation 
of the second heterocyst. The amount of growth preceding 
the formation of first heterocyst is variable and is not 
always related to their initial length but seems to depend 
largely on their location on the intact filament from which 
they were derived. The second heterocyst, however, generally 
formed when the average length of the fragment attained a 
range of 141-150 m. 

When the alga was grown on combined nitrogen, 
ammonium chloride or ammonium phosphate, the filaments 
were free of heterocysts because, as in Anabaena, combined 
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Fig. 1 Diagrammatic representation of a filament of Cylin- 

drospermum showing the position of heterocysts (h) and the 

regeneration of new heterocysts (hb: ħ:) in the fragments. 
A-G, explanation in text. 


nitrogen inhibited their formation. If the filament fragments 
were taken from such cultures, the first heterocyst appeared 
in them after a prolonged growth on nitrogen-free medium, 
more than. what was needed for a fragment previously grown 
on medium free of combined nitrogen (Table 1). 

If heterocysts do produce an inhibitor that controls the 
formation of other heterocysts, its concentration in a 
vegetative cell would be proportional to its distance from 
the existing heterocyst. Accordingly, the end of the longer 
fragment which is farther from the heterocyst develops 
another heterocyst more quickly (after growth) than the one 
in a shorter fragment. The fragment must grow before the 
formation of a second nrterocyst to reduce the level of the 
inbibitor. 

Heterocyst foanaton in fragments which do not already 
contain them (Fig. 1E), is very different, however. Such 
fragments can arjse from any portion of the intact filament 
(Fig. 1D), eitheg from the middle portions or eccentrically 
from one side (Fig. 1D, b-c, d-e). The fragment b-c may 
contain the inhtbitor at equal concentrations at both ends 
and when heterocysts develop they may arise simultaneously 
after a limited growth. On the other hand, in the fragment 
d-e, fhe inhibitor level Would be greater at d than at e (as d 
is nearer to a *heterocyst) and as a result the fragment 
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develops a heterocyst first at e and later at d, only when 
growth has taken place to reduce the inhibitor to a 
sufficiently low level. 

During our work, we found very few cases where the 
heterocysts formed simultaneously in a fragment. In general, 
it seems that in Cylindrospermum, filaments do not easily 
break from the middle region and that almost all fragments 
arise eccentrically on either side of a mid point between the 
two terminal heterocysts. The successive formation of 
heterocysts in a fragment containing no heterocysts is also 
an indication of the existence of polarity in the filament of 
the alga, which is itself a reflection of a gradient in the level 
of the inhibitor. A normal filament may have a decreasing 
gradient of the inhibitor starting from the terminal heterocyst 
to the mid point of the filament, the other half of the 
filament being a mirror image of this. 

When fragments of Cylindrospermum were taken from 
the alga previously grown in a medium containing combined 
nitrogen and plated on agar medium free of ammonia, they 
were found to regenerate their first heterocyst only after a 
prolonged time, during which greater growth has taken 
place in them compared with the fragments grown earlier 
on molecular nitrogen. Presumably, by growing on combined 
nitrogen, the internal level of the inhibttor remained at a 
high level and as growth took place decreasing its concen- 
tration, the formation of heterocysts was initiated. The 
heterocysts appeared sequentially, however, first at one end 
and later at the other. This shows that the filaments whether 
grown on molecular nitrogen or combined nitrogen, still 
show polarity, that is their terminals are predetermined with 
regard to regeneration. 

The nature of the inhibitor produced by heterocysts to 
control their spacing pattern is still debatable’ => but recent 
findings indicate that heterocysts are the site of nitrogen 
fixation®. Fogg’s suggestion®’ that ammonia concentration 
in the filament is responsible for such an inhibition gains 
further ground, but it may not be the only deciding factor’. 

We have already discussed in some detail® how the 
spacing of heterocysts could be controlled in Anabaena in 
terms of the known metabolic activities of the heterocysts 
as well as the vegetative cells (see also, Wahal ef al.” for the 
role of ascorbic acid). Although filament polarity is found 
in many blue-green algae, such as Rivularia, nothing ‘s 
known of its nature and maintenance. In Anabaena, it has 
been shown” that cell division is asymmetrical and hete- 
rocyst spacing is controlled by the interaction between 
developing cells" but it is yet to be seen whether a similar 
situation exists in Cylindrospermum also. 

This work was suported by a research grant from the 
Council of Scientific and Industrjal Research, New Delhi. 
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Commercial radionuclide dispensing 


COMMERCIAL suppliers of radionuclides operate under 
stringent regulations. Most companies give specific 
assurances of nuclide identity and purity. Examples are the 
plots of y spectra, radiochromatograms and, most impor- 
tant, the data sheet that specifies such things as quality, 
purity and radiation intensity of the specific nuclide. 
Unfortunately, however, the controls used by suppliers are 
inadequate and the technical data sheet cannot be relied 
upon implicity. 

In support of other reports'~* I shall relate an experience 
which involved a shipment of radioiron. On arrival, the 
package was monitored and the y activity was about 10% 
of that expected. The supplier confirmed this and explained 
that a technician had calculated the stock to be 28.7 mCi 
ml“! instead of 2.87 mCi and ml had therefore dispensed 
only 10% of the required volume. Despite the small volume, 
however, the radiation value show, on the technical data 
sheet was that expected for 2 mCi of *Fe (about 70 mr 
h1}, which suggested that the number was either recalled 
from memory or copied from an old sheet. I stated this in 
a letter and the company responded with a written acknow- 
ledgment of error. The compounded errors, they explained, 
were because of rapid expansion and shortage of personnel. 
They believed that safeguards and routine controls, (which 
were not specified), would be effective in the future. 

Eliminating the monitoring step and entering an assumed 
value for radiation were serious errors. Companies should 
enforce separate duties, so that a person who dispenses 
radionuclides cannot also perform assays, complete data 
sheets, package, monitor and authorise final release for ship- 
ment. 

It seems reasonable, as a partial answer to this problem, . 
that if readout plots of y spectra or chromatograms of 
various nuclides can be supplied to customers, then auto- 
matic recordings of radiation could also be provided. Such 
records could be inspected by supervisors to detect nuclide 
deficiency or excess and then be duplicated to provide a 
customer copy. The production of an authentic radiation 
report for the sample would be of the greatest importance. 
This should help eliminate the temptation to take short cuts 
and to falsify reports with assumed radiation values. 


Les O. TIFFIN 


Agricultural Environmental Quality Institute, 
United States Department of Agriculture, 
Agricultural Research Service, 

Beltsville, Maryland 20705 


Rec@ived March 29, 1974. — 
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book reviews 


Lobotomy 


Psychophysiology of the Frontal Lobes. 
Edited by K. H. Pribam and A. R. 
Luria. Pp. xii+332. (Academic: Lon- 
don, August, 1973.) $19.95. 


THE starting point of interest in the 
frontal lobes was the celebrated ‘“‘Crow- 
bar Case” reported by Harlow in 1848. 
One Phineas Gage, a quarry worker, 
had a large iron tamping rod blown by 
a stick of dynamite into his jaw and 
and out through the top of his head, 
producing serious injury to both frontal 
lobes. As a result, Gage underwent a 
disastrous change of personality. From 
having been an efficient and capable 
foreman, he became fitful, irreverent 
and obstinate, and is said to have “‘in- 
duiged in profanity that would have 
embarrased an 18th century British 
Sea Captain”. Thus was born the 
“frontal lobe syndrome”, the study of 
which in modern times owes much to 
the Russian neuropsychologist Alex- 
ander Luria, himself a coeditor of this 
volume. 

Although a subject of fascination to 
psychiatrists and others, the frontal 
lobes have hitherto excited compara- 
tively little interest among physiologists, 
largely because they are in the main 
electrically inexcitable and their exci- 
sion does not occasion gross defects in 
sensation or movement. Indeed it was 
not until systematic behaviour experi- 
ments were begun in the thirties that 
any appreciable progress was made. 
These experiments claimed to reveal 
some fairly constant behaviour deficits 
in subhuman primates following bilat- 
eral frontal excisions and also—inciden- 
tally——led Moniz to inaugurate the era 
of psychosurgery. Dr Karl Pribram, like- 
wise a coeditor, has been active over 
many years in charting the behavioural 
deficits produced in monkeys by circum- 
scribed cerebral excisions. Their under- 
lying physiology, however, has re- 
mained largely unexplored. 

This volume represents an attempt, 
if a somewhat diffuse and _ ill-coordi- 
nated one, to fill this gap. Based upon 
a symposium on frontal lobe function 
held during the 18th International Con- 
gress of Psychology in Moscow some 
years ago, it brings together fourteen 
papers concerned with the neuro- 
physiology of the frontal lobes and the 
effects of frontal lesions on the elec- 
trical activity of the human brain. Of 
the contributors, fourteen are Ameri- 
can (mostly based on the West Coast), 
eight are Russian (all based on Mos- 


cow) and one is English (based on 
Bristol). The history of the enterprise 
and its relation to other recent 
symposia on closely related topics is 
outlined in a brief preface. 

Taken as a whole, this volume re- 
veals a distinct difference in approach 


as between the Russian and American’ 


contributors, though there is, of course, 
a good deal of common ground. By 
and large, the Russian work is almost 
exclusively Jimited to experiments with 
human subjects, mainly evoked po- 
tential and EEG studies, whereas the 
Americans give far more attention to 
the data of animal experiments and to 
explanation of behavioural deficits in 
physiological terms. Although much 
of the work is pretty specialised, it 
does serve to give an overview of 
current physiological work on the 
frontal lobes, though alas there is no- 
where any real sign of a breakthrough. 
In his concluding chapter, Pribram 
discusses frontal lobe functions in terms 
of spatial and temporal organisation 
and, more interestingly, the inhibitory 
mechanisms that, when deranged, pro- 
duce the distractibility so marked in 
the ‘frontal’ animal or patient. He also 
places stress on the frontal cortex as the 
“executive” of the brain in the overall 
control of behaviour. In this latter 
claim, at least, he and Luria see eye to 
eye. O. L. ZANGWILL 


Breaking bones 


Mechanical Properties of Bone. By F. 
Gaynor Evans. Pp. xiii+ 322. (Thomas: 
Springfield, Illinois, June 1973.) $25.75. 


THIS interesting and well illustrated 
compendium of data on the mechanical 
properties of bone is a necessary refer- 
ence work for all biologists and engin- 
eers who are concerned with the 
mechanical properties of materials. For 
the biologist, and this includes the 
orthopaedic surgeon, neurosurgeon, 
orthodontist and others who must be 
particularly interested in the effects of 
force either applied to, or generated 
within the body, an understanding of 
the mechanical properties of bone, 
which forms some 18% of the body, is 
essential for the prevention and treat, 
ment of a variety of conditions afflicting 
the musculo-skeletal system. An assess- 
ment of the change in mechanital 
properties of biopsy specimens of bone 
in the cousse of disease and its treat- 
ment may before long become a diag- 
nostic and prognostic procedure. 

For the engineer an appreciations of 


the design of the skeleton, the structure 
of bone and its mechanical properties 
is of considerable interest. In particular 
the materials scientists and structural 
engineers who are concerned with the 
design of passenger-carrying vehicles, 
which are increasingly involved in acci- 
dents, need the information concerning 
the mechanical properties of the living 
item contained within the vehicle. This 
book deals with, in the main, the 
mechanical properties of bone as a mat- 
erial. The thoughts of those who are 
responsible for the development of 
new materials may well be stimulated 
by the section dealing with the effects 
of the microscopic structure of bone 


-when considered as a structural mat- 


erial. 

For those who are interested in the 
mechanical properties of the whole 
bone this work should be read in con- 
junction with the author’s other publi- 
cation Stress and Strain in Bones. 

JOHN T. SCALES 


Water crossing membranes 


Water Transport in Cells and Tissues. 
By C. R. House. Pp. vi+ 562. (Mono- 
graphs of the Physiological Society, 
No. 24 Arnold: London, January 17 
1974) £10.50. 


Tuais book is a mine of information and 
the fact that more than 900 references 
are included in the bibliography is a 
measure of the thoroughness with which 
the relevant literature has been sur- 
veyed. Of the total of ten chapters, 
seven make unexceptionable reading 
and the accounts of transcapillary and 
transepithelial water transport are out- 
standingly clear and comprehensive. 
The permeability characteristics of cell 
membranes in general and of artificial 
membranes also receive detailed and 
informative consideration as do the 
physical and chemical properties of 
water, which are dealt with at the 
beginning of the book. 

The account of fluid dynamics in the 
embryo is less impressive, although this 
seems to be due more to the shortage of 
precise information than to any fault 
of the author, who is led to the con- 
clusion that ‘‘our ignorance of the pro- 
cesses that trigger, enhance and finally 
block the formation of extra-embryonic 
cavities is enormous”. One may ques- 
tion the wisdom of devoting nearly 25 
pages to the exposition of this topic, 
except perhaps as a challenge to future 
inyestigators, to whom the message 
could have been given rather more 
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succinctly. On the other hand, the treat- 
ment of water movement in plants is 
somewhat skimped and includes virtu- 
ally no discussion of transport in the 
xylem. I was particularly disappointed 
to find no reference to the extra- 
ordinary ability of the giant Redwood 
trees to raise water. 

The author in his preface refers to 
the dilemma which faced him in decid- 
ing upon the place of mathematical 
theory in his book, a dilemma which he 
resolved by introducing a short “‘practi- 
cal preamble” at the beginning of his 
chapter entitled ‘Phenomenological 
Description of the Transport Process”, 
and then following this with a fairly 
lengthy excursion into irreversible 
thermodynamics. For the cognoscente 
this excursion is probably unnecessary; 
the presentation is too compressed to be 
really helpful to the novice and does 
not bring out at all clearly the thinking 
behind the development of irreversible 
thermodynamics from its more familiar 
progenitor, equilibrium thermodynamics, 
sometimes dubbed ‘“thermostatics”. 
These are contrasted in terms of en- 
tropy changes rather than of the notion 
of moving from states to rates. But 
the mathematics used is relatively 
straightforward and furthermore, the 
succeeding parts of the book can be 
read profitably without any particular 
mathematical expertise. 


LOW 
TEMPERATURE 
LABORATORY 
TECHNIQUES 


A. C. Rose-Innes 


in the last ten years, since the 
publication of Low Temperature 
Techniques, there have been 
considerable advances in this field. So 
much so that in bringing the material 
up to date a new book emerged with 
the more suitable title of Low 
Temperature Laboratory Techniques. 
The book has been divided into two 
parts. Part 1 deals with the use of 
liquid helium4 to obtain temperatures 
down to about 1K and describes the 
techniques and apparatus which can 
be used. Part 2 deals with the use of 
liquid helium3 to obtain temperatures 
below 1K and will be most useful to 
engineers and scientists who use very 
low temperatures in their research. 
£3.95 net 0 340 17143 X 


Available through all good book- 
shops 

For further information please 
write to: 


1 meee 
E se cncuien univensyries ences | 
| Dept P868 St. Paul’s House 
Warwick Lane, London, EC4P 4AH 
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Dr House’s approach to his subject 
is commendably judicial and the evid- 
ence for and against the ideas which he 
discusses is carefully evaluated and, 
where appropriate, he has interposed a 
a ‘summing up’. Occasionally he aban- 
dons his detachment and confesses, with 
engaging candour, to personal bias. For 
example, this bias is freely admitted 
following a spirited and critical exami- 
nation of the widely accepted dogma 
that active transport of water is inad- 
missible on energetic grounds. A plaus- 
ible, if slightly confusing case, based as 
it is on a mixture of reversible and ir- 
reversible thermodynamics, is put for- 
ward for bringing in a verdict of “not 
proven” on this highly controversial 
issue. 

This monograph forms a worthy addi- 
tion to the series published for the 
Physiological Society. To predict that 
it will successfully stand comparison 
with some of the best of its predeces- 
sors implies both an established criterion 
for judgement and at the same time 
a deserved compliment to Dr House. 

R. V. Coxon 


Warm blooded 


Temperature Regulation in Mammals 
and other Vertebrates. By John Bligh. 
Pp. xix+436. (North-Holland: Am- 
sterdam and London; American 
Elsevier, New York, 1973.) $30.20. 


Dr BLicH is to be congratulated on 
writing a book which is stimulating 
and concise, covering the whole field of 
thermoregulation in  vertebrates—an 
area in which he himself is a distin- 
guished worker. The book is written 
from the physiological standpoint and 
it will prove unsatisfying to physio- 
logical ecologists, since, for instance, 
many of the adaptations shown by 
mammals living in unusual environ- 
ments are mentioned only briefly or not 
at all. It includes chapters on the tra- 


ditional areas of thermoregulation 
(central control, sensing systems, 
effector mechanisms, neuronal influ- 


central transmitter substances 
and so on). 

There are very stimulating chapters 
on the various models of the thermo- 
regulation system which have been 
proposed, and there are useful sections 
on unorthodox theories, fever and 
exercise, In the section on comparative 
thermoregulation there seems to be no 
*mention of the recent work on thermo- 
regulation in certain large fish. This, 

wever, does not take away from the 
overall high standard of the book which 
is highly recommended. It is a well 
produced book but perhaps rather 
expensive. 


° i J. N. R. GRAINGER 
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Scientific literature 


Understanding Scientific Literature: a 
Bibliometric Approach. By Joseph C. 
Donohue. Pp. xili+ 101. (MIT: Cam- 
bridge, Mass. and London, 1973.) $10. 


TWENTY years ago, the American 
librarian Jesse Shera was advocating 
the study of a ‘social epistemology’ de- 
fined as “the analysis of the produc- 
tion, distribution and utilisation of 
intellectual products in much the same 
fashion as that in which the production, 
distribution and utilisation of material 
products have long been investigated”. 
He poin‘ed out that all the requisite data 
are to be found in the books and 
journals that fill the shelves of our 
libraries. By analogy with econometrics 
the term bibliometrics was later coined 
to cover the essentially data-collecting 
and analytical phase of a more 
theoretical study, which would be con- 
cerned with the organisation of man- 
kind’s exosomatic stores of knowledge 
for more effective social use. 

In an uncoordinated way the statisti- 
cal analyses Shera called for have been 
developed in recent years and the slim 
volume under review is the first mono- 
graph wholly devoted to these matters. 
One would expect the author of such 
a work to offer a critical review and 
constructive coordination of the widely 
scattered contributions and thus pre- 
sent the first consolidation of the emer- 
gent study. The need for such a work 
is now more urgent than it was twenty 
years ago because during that time 
large-scale computerised documentary 
information systems have been 
developed and the feasibility of even 
larger world systems is now being dis- 
cussed, But all systems so far designed 
have been based on the very question- 
able assumptions that all published 
scientific papers have equal scientific 
weight, that 100% coverage is a desir- 
able goal and that all papers retain 
their scientific interest sine die. These 
systems can only become more effec- 
tive, more frequently used and less 
costly when their designers pay atten- 
tion to the use made of scientific infor- 
mation by its scientific users—~a use 
which is fully documented within the 
scientific journals themselves. 

There are several techniques which 
bear on these matters and which one 
would expect to find described in a 
10-dollar monograph. Two empirical 
laws have been known for some time. 
In 1925, Lotka noted that the num- 


ber of authors who contribute r papers. 


to any specified subject literature over 
any specified period is proportional to 
1/r (though the exponent is 1.89 rather 
than 2). And in 1934, Bradford noted 
that, when bibliographical sources are 
ranked in order of decreasing produc- 
tivity, the number of items contributed 


-— 
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by the source of rank r is proportional 
to l/r if r is greater than a certain 
limit—-an empirical law which applies 
to many other social contexts. More 
recently, Goffman has shown that the 
dissemination of new ideas is closely 
analogous to the spread of infectious 
diseases with endemic outbreaks pre- 
ceding the take-off to epidemic growth. 
He has considered the conditions that 
have to be satisfied before take-off can 
occur and also the conditions under 
which scientific communication begins. 
to break down under the weight of its 
own documentation. 

It has also been noted that scientific 
literatures not only grow at different 
exponential rates but decay exponen- 
tially at comparable rates, with half- 
lives of four to 16 years, so that the 
‘information explosion’ worries only 
those who wish to keep everything— 
alive or dead. Work has also been done, 
mainly in the United States, on ‘biblio- 
graphic coupling’—~a technique of trac- 
ing who cites whom to identify net- 
works of scientific interaction. There is 
therefore a varied and comprehensive 
task to be done by the author of the 
first monograph describing these tech- 
niques and their applications to infor- 
mation system economy. : 

Unfortunately, a great opportunity 
has been missed. The author makes a 
personal selection from the techniques. 
He inadequately and uncritically dis- 
cusses only the Bradford law, the 
epidemiological model and some cross- 
citation techniques. He makes idiosyn- 
cratic selections of illustrative material 
drawn wholly from American sources 
and bibliographically ill defined. The 
numerical conclusions and graphs are 
firmly expressed though they are based 
on modest samples with no intimation 
that sampling errors might arise. The 
100-page monograph reduces to 70 
pages of text and 30 pages of singularly 
uninformative graphs. Thus the price 
of this modest introductory essay of 
20,000 words is highly inflationary. 

B. C. BROOKES 


Neutron generators 


Activation Analysis with Neutron 
Generators. By Sam S. Nargolwalla 
and Edwin P. Przybylowicz. Pp.xvii+ 
662. (Chemical Analysis: A Series of 
Monographs on Analytical Chemistry 
and Its Applications.) (Wiley Inter- 
science: New York and London, 
January 1974.) £16.25. 


Ir is often very important to be able 
to take one’s microanalytical kit with 
one around the Universe. This has not 
been easy with neutron activation 
analysis, since fission reactors are heavy 
and one does not take them easily 
down a mine or to the moons of 
Jupiter. But small generators of fusion 


neutrons (say using the D-T reaction) 
can be made, although they have some 
problems such as the stability of their 
neutron yield. 

This book attempts to summarise the 
uses of generators and can be described 
as “nearly a handbook” on the sub- 
ject. A handbook normally leads you 
through mazes of research material 
easily, smoothing out the little wrinkles 
in the patchwork of data. In parts of 
this book, I feel the authors have 
indeed essayed such a task of inspec- 
tion of pedigree and smoothing of data. 
In others, the reader is not sure 
whether a table of figures on, say, a 
type of neutron reaction is raw from 
one man’s research or represents the 
sum of knowledge. The intent of many 
of these tabulations, which could have 
been properly signalled in only a few 
words, is sometimes left unclear. Thus, 
this book is perhaps best described as 
a research review which nearly achieves 
handbook status. 

The authors certainly attempt com- 
pleteness `of coverage; they have used 
the prodigious documentation services 
of the US National Bureau of Stan- 
dards (NBS) at which institution they 
once worked together, to compile the 
knowledge of the bureau and others on 
the use of neutron generators and the 
course of nuclear reactions activated by 
fusion neutrons. 

The techniques for the generation of 
neutrons and the exposure of samples 
are lovingly described, with detailed 
engineering drawings and dosimetric 
maps. A section follows on the treat- 
ment of the diverse types of systematic 
error’ which can interfere with the 
analytical accuracy of the method and 
this section certainly convinces that, 
for certain important elements, neutron 
activation can surpass X-ray fluore- 
scence or atomic absorption methods. 
It is, however, this first half of the 
‘book, which is somewhat littered with 
tables of doubtful intent, that will 
neither help the student nor satisfy the 
man in search of a handbook; by con- 
trast, the second half of the book 
consists of a 300-page chapter that 
takes in turn each element which will 
succumb to activation analysis. The 
authors tabulate the nuclear reactions 
which work with fast neutrons, and 
then give for each a set of comments 
and data useful to the analyst, includ- 


ing a uniform set of computer- 
generated curves for buildup of 
radioisotope against time, decay 


against time and so on. Here, the 
reader’s confidence in completeness and 
uniformity can be high. Finally, there 
are several appendices giving tabaila- 
tions, by ‘other workers, of those 


nuclear reactions which are useful in: 


analysis. These are doubtless useful to 
have to hand but are, again, insuffi- 


ciently clear in intent. ° P 
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The impression left is that neutron 
activation analysis is a formidable sub- 
ject to venture into unless armed with 
much knowledge and time. This is not 
the, expressed intention of the authors, 
who wish to stimulate the broader use 
of the method and fairly state the 
advantages and disadvantages of the 
method compared with those of the 
rival techniques. They have certainly 
done a great service in dragging out 
and starting to organise the files of the 
NBS on this subject; however, it will 


. take a firmer hand to encourage the 


hesitant to embark on this technique 
or to construct a true handbook out of 
all that information. On the other 
hand, a scientist already committed will 
learn all about the special techniques 
needed to maintain analytical accuracy 
and all the rest of the practical issues 
in this undoubtedly useful field of 
work. 
A. G. HOLMES-SIEDLE 


Stars for students 


Introduction to Stellar Atmospheres 
ahd Interiors. By Eva Novotny. 
Pp. xii +543. (Oxford University: 
London and New York, September 
1973.) £7.00. 


THis book is intended as a textbook 
for senior undergraduates and com- 
mencing graduate students. It is a 
generally well written and well pro- 
duced book but in my opinion the 
balance of the book is wrong for a 
textbook. The basic concepts of the 
subject tend to be described very briefly 
and important fundamental results are 
often quoted without proof, whereas 
many pages of tables and diagrams are 
devoted to the detailed results of par- 
ticular solutions of the equations of 
stellar structure and evolution. 

Two examples will serve to illustrate 
what I mean. About fifteen pages are 
devoted to tables of the monochro- 
matic absorption coefficient in stellar 
atmospheres and a further ten pages to 
tables of the properties of model stellar 
atmospheres, but there is no detailed 
discussion of the form of the equations 
which must be solved to obtain a 
mode] stellar atmosphere, except in the 
case of a grey atmosphere in local 
thermodynamic equilibrium. It is men- 
tioned that there is a maximum mass 
for white dwarf stars and a reference 
is given to where a physical explana- 
tion of the existence of a maximum 
mass can be found. The book would 
have been much improved if one page 
of tables had been sacrificed so that a 
brief explanation of the existence of 
the maximum masses of cold bodies of 
various types and of the near inevit- 
ability of the existence of black holes 
could have been included. 

"One danger, of including too many 
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Plant Cell Structure 
and Metabolism 


JL Hall, T J Flowers and 
R M Roberts. 


An up-to-date treatment of plant 
metabolism in relation to cell 
structure. Current knowledge of 
the plant cell is frequently 
reviewed in the light of what is 
known about mammalian or 
microbial systems, particularly 
for the areas where plant science 
is not so far advanced. 
The text assumes a basic 
knowledge of chemistry and 
biology and is suitable for 
undergraduate students of plant 
and biological sciences, 
postgraduate students of plant 
biochemistry and physiology 
£4.95 net. | 


~ 


East African | 
Vegetation 


EM Lind and 
M E S Morrison 


This book describes the major 
types of vegetation to be found 
in Uganda, Kenya and Tanzania. 
These are dealt with under the 
main headings of forests, 
@ rangelands, inland aquatic 
| vegetation; the vegetation of the 
sea coast, high mountain 
vegetation, the factors affecting 
vegetation, climate and soils, and 
a short history of the vegetation 
of the region. 
£6.00 net. 
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detailed results in a first textbook is 
that they may be regarded as being 
more reliable than they really are. 
Although in some cases it is made 
clear that the results quoted only rep- 
resent one point of view, this is not 
always true. In the discussion of the 
evolution of stars approaching the 
main sequence, the Hayashi theory is 
fully tabulated but no mention is made 
of the later work by Larson which 
casts considerable doubt on the pre- 
vious results. 

More detailed criticisms of the book 
include the feeling that far too much 
space is devoted to the Vogt Russell 
theorem which is certainly not gener- 
ally true and that the concepts of 
thermodynamic equilibrium and local 
thermodynamic equilibrium should 
have been described much more 
clearly. It is also a pity that the dis- 
cussion of numerical methods does not 
include the Henyey technique, which 
has been most widely used in recent 
years. 

Now that I possess the book I may 
well find it very useful to have in one 
volume so many tables and figures 
illustrating recent studies of stellar 
structure and evolution and students 
will similarly be able to use it as a 
reference book. But it seems very un- 
likely that for students it will replace 
such texts as that by Schwarzschild, 
which is considerably cheaper and 
which gives a much deeper physical 
understanding of the subject. 

R. J. TAYLER 


Magnetic rocks 


The Physical Principle of Rock Magnet- 
ism. By Frank D. Stacey and Subir K. 
Banerjee. Pp. ix+195. (Developments 
in Solid Earth Geophysics, Vol. 5.) 
(Elsevier: Amsterdam, London and 
New York, 1974.) Dfi.60; $2.10. 


THIS book was advertised for over a 
year before its appearance, but it has 
been worth waiting. It is a slim volume 
deliberately planned as a physical 
supplement -to Irvings Palaeomag- 
netism and its Application to Geolo- 
gical and Geophysical Problems (Wiley, 
1964). It must also be considered to 
effectively replace Nagata’s excellent, 
but outdated book, Rock Magnetism 
(Maruzen, 1961) although it does not 
contain any instrumental! discussion that 
formed a significant part of Nagata’s 
work. 

The organisation is logical, starting 
with the basic magnetic properties of 
solids and then turning to the common 
férromagnetic minerals, magnetite and 
haematite and their solid sqlutions with 
ilmenite and ulvospinel. This chapter 
certainly brings the reader “up to date 
on the current view of the changes in 
parameters foe synthetic solid solutions 
anf pure minerals, but more informa- 
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tion on the effects of impurities would 
have been useful. Only the two pages 
on pyrrhotite are not really adequate 
for a mineral that is extremely complex 
and not all that rare. Single and multi- 
domain theories are considered next, 
first in relation to grains of magnetite 
and then haematite. The outline and 
discussion tends to follow closely 
Stacey’s ideas, originally published in 
1963, as does the subsequent treatment 
of the effects of time and temperature. 
The next chapter is devoted to the 
remanence of sediments and is followed 
by a discussion of chemical remanence 
that is largely confined to exsolution 
behaviour as titanomagnetite solid 
solutions are oxidised. The effect of 
anhysteritic magnetisation and stress 
fields then receive considerable, war- 
ranted attention. The latter is, however, 
concerned almost entirely with stress 
effects on the direction of remanence 
and does not consider the converse, that 
is using magnetic anisotropy as a means 
of determining strain and hence evalu- 
ating past stress fields. The evidence for 
reversals of the geomagnetic field and 
possible self-reversal mechanisms are 
considered in rather a generalised way; 
the correlation between petrology and 
polarity that has been established in 
some regions is dismissed as being 
“paradoxical” in only four lines. 
Finally extraterrestrial magnetisation 
is discussed and the remanence of 
meteorites is attributed to strong solar 
fields when the Sun passed through a 
T-Tauri stage. Strangely no mention is 
made of the magnetic properties of 
lunar rocks—presumably to avoid being 
overtaken by more recent findings. 
The book is well written, adequately 
ilustrated and its production is up to 
the usual high Elsevier standard. The 
only significant weakness is really in 
terms of the magnetisation of sedi- 
mentary rocks which are discussed in 
less than 5% of the total book, yet 
more and more sedimentary 
rock types are now being in- 
vestigated and the magnetic effects 
during cementation and the diagenetic 
changes of detrital grains are much 
more important than simple detrital 
magnetisation. A little more on rota- 
tional hysteresis and physical techniques 
for identifying both the composition and 
physical parameters of ferromagnetic 


‘particles in rocks would have been 


beneficial. The bibliography is really a 
reference list that effectively only goes 
up to 197] (only six references for 1972 
with one “in press” and one “in prepara- 
tion” for 1973). The authors defend 
their continued use of c.g.s. units, 
although the use of MKS can only come 
about when the textbooks adopt the 
system. These, however, are essentially 
quibbles about a book which must form 
part of any geophysics library. 
D. H. TARLING 
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reviews of progress. 
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research of unusual and wide interest, 
not in general longer than 1,000 
words; at most they have three or four 
figures. 
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that have previously appeared in 
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_ Manuscripts may be submitted either 
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be numbered. References, tables and 
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conclusions that are drawn. 
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manuscript. All artwork should be 
marked with the author’s name. Line 
drawings should preferably be in 
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able; thin, shiny, folded, torn or 
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photographs are preferred. Figures are 
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a page of Nature. Figures, particularly 
maps, should contain nothing but 
essential material. It is preferred that 
the original be unlabelled, but with a 
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(246, 238; 1973). 
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announcing a major publishing event 





NATO Advanced Study 
Institutes Series 


Series B - Physics 
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Problem-solving PhDs 


ALTHOUGH the disillusionment of industry with at least 
some aspects of the present PhD system has been high- 
lighted this year by the report of the House of 
Commons Expenditure Committee on postgraduate 
education, declarations on the need for change were made 
by academics and industrialists on the Swann Committee 
as long ago as 1968. That committee looked into the 
whole question of the flow of qualified personnel into 
employment and roundly stated that the universities 
should “‘experiment boldly” with the PhD and with the 
regulations governing its award. 

Academics protest, quite rightly, that the PhD is not 
only a training in methods of research but also a means 
of preserving the continuity of university research— 
the aim of which is to generate new knowledge. That 
said, the question is whether too many ‘conventional’ 
PhDs are being produced. The fact is that of some 
4,600 scientists graduating with higher degrees in 1971, 
some 1,200 took up employment outside teaching and 
lecturing, and although many of these had master’s 
degrees a substantial number had doctorates. It seems 
logical therefore that some PhD students should carry 
out postgraduate work that will fit them for their 
eventual career in industry. ' 

Changes along these lines have already been made 
by the Science Research Council (SRC). First, it has 
been running the so-called CASE scheme (Co-operative 
Awards in Science and Engineering). In 1972, 191 of 
these awards were made, out of a total of 2,220 new 
SRC research studentships. The SRC also offers post- 
graduate studentships to people who wish to do a post- 
graduate course after a spell in, for example, industry 
or teaching; 313 of these were taken up in 1972, for 
both research leading to a PhD and for advanced 
courses, 

Like all collaborative schemes CASE has not been 
without its problems. The scheme requires joint super- 
vision of the student by a member of the staff of the 
university concerned and a person from the collaborat- 
ing institution, which following a relaxation in the 
rules may be a body like a hospital board or a local 
authority rather than specifically an industrial com- 
pany. Trouble has arisen because the projects to be 
tackled have in some cases been badly or vaguely 
specified and often because of a lack of mutual under- 
standing between the industrialist and the academic. 

Yet another kind of doctorate that has emerged in 
the past few years is the interdisciplinary PhD. The 
idea arose from the discussions following the publica- 
tion of the Swann report and involves a graduate, 
often, though not necessarily, a scientist, gettigg to 
grips with a real industrial problem which calls for an 
appreciation of economics, industrial relations and the 
like. The SRC and the Social Science Research Council 


` jointly fund almost 
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100 interdisciplinary research 
studentships, about 30 of which are held at the 


_ University of Aston. 


The University of Aston is also in the throes of pre- 
paring for the advent of “total technology’ PhD 
courses. These are specifically for engineers and have 
many of the characteristics of the interdisciplinary 
higher degree scheme but with more formal course 
work. What the research student is required to do is 
to solve real engineering problems in a real company. 
The University of Aston is well placed to take 
advantage of this because it already has the central 
organisation that-is required if projects for students 
are to be thought out properly before the student 
arrives. The SRC awarded the first six total technology 
studentships last year. 

That is all very well, but what scope is there for the 
pure scientist who wants to do a ‘nonconventional’ 
PhD yet wants something different from the CASE 
scheme. One answer is that there should be more 
scope for research done in an industrial environment 
to form the basis of a university PhD thesis. Unfor- 
tunately some universities take the view that they are 
not in the business of externally examining for a PhD. 
They might do well to re-examine such an isolationist 
attitude. 

Some may say that to extend the PhD concept too 
much is to reduce the degree to a certificate of ability 
to solve problems. But does this matter? Provided that 
those who are really cut out to do research in the true 
sense of the word still have a reasonable chance to do 
it the appearance of more doctors of problem solving 
(which is all some ‘conventional’ PhDs are at the 
moment anyway) seems to be much more of a benefit 
than a threat. 
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AN extract from a letter by Mr. Dunn, the geologist, now on 
a special exploring expedition to the Transvaal, published in the 
Cape Argus of May 5, gives a description of a thunder and hail- 
storm which he experienced at Pietermaritzburg, on April 17 :— 
‘* Hail-stones, liberally mingled with great masses of ice of very 
irregular forms, poured down with great violence. The hail- 
stones were seldom less than rin. in diameter ; the average was 
from rin, to 2in. in diameter. These were of very regular 
spherical form, and consisted of a nucleus of white snow, with an 
envelope of hard transparent ice. Sometimes they presented, 
when broken through, a concentric arrangement of zones, alter- 
nately white and opaque and transparent. The irregular masses 
were formed of a nucleus generally longer in one direction than 
the others, from 2in. to 4in. in diameter; projecting all over 
were stalactiles,each one about the thickness of a little finger, 
and presenting, when broken across, an agate-like structure, as 
though segregation had built them up. Of these masses I 
weighed a few with the following results :—Three weighed over 
8 oz., two over 6 oz., and one over4oz. The mischief done will 
nct be covered by 2,000/, or anything like that sum.” 





From Nature, $0, 115, June 11, 1874 
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Russia’s curtained window on the west 


In the 250th anniversary year of 
the Russian Academy of Sciences, 
Vera Rich examines the réle the 
Academy has played in 
international science. 


Ir can hardly be doubted that, in 
founding his Imperial Academy of 
Sciences, Peter the Great intended it to 
form one of the cornerstones of his 
Westernising policy-—a consummation 
at the highest intellectual level of the 
European outlook that had driven him, 
earlier in his reign, to cut off his sub- 
jects’ beards and to impose the death 
penalty on courtiers found sleeping with 
their boots on. 

Yet Peter, who was personally curious 
about all branches of science and tech- 
nology from the theory of navigation 
to do-it-yourself dentistry, having, after 
more than 20 years’ cogitation, finally 
Signed the decree “establishing” the 
Academy, on January 28, 1764, did 
not live to attend its opening. Exactly 
a year later, he died, succumbing to a 
chill caught, not in the pursuit of his 
innovations, but as a result of attend- 
ing the traditional Epiphany Eve bless- 
ing of the waters! It was left to his 
widow and successor, the erstwhile 
illiterate Livonian peasant-girl, who 
reigned as Catherine I, to bring into 
being Peter’s Academy, and it was on 
her nameday, December 27, 1725, that 
the inaugural meeting was held. 

Although he is reputed never to have 
opened a book (and it must be said in 
passing that the improbably tall stories 
surrounding his name’ are more than 
legion), Peter seems to have been giving 
serious thought to the foundation of 
some eminent scientific body to grace 
his projected new capital and “window 
on the west” as early as the 1690s. 
During his visit to England in 1698, he 
visited the Royal Society (January 27), 
Greenwich Observatory (March 9) and 
Oxford (April 8) where he was presented 
with a number of mathematical books. 

Back in Russia, he founded a Naval 
Academy, Artillery, Engineering and 
Medical Schools, and Russia’s first 
national museum, the Kunstkamera, in 
his new capital of St Petersburg, 
together with several printing presses 
using the simplified typography, which 
he had introduced in 1708. He also 
began a prolonged correspondence with 
Leibniz, who thad organised the Berlin 
Academy of Sciences in 1700, on the 
possibility of establishing a similar 
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institution in St Petersburg. Although 
neither Peter nor Leibniz were to see 
the Academy come to fruition, never- 
theless, in 1725 the first meeting finally 
occurred, and with a membership 
mainly of foreign, especially German 
savants. l 

This foreign, or rather, international, 
membership, persisted through the first 
difficult years of the Academy’s exist- 
ence (it had no official constitution until 
1747, nor any established source of 
income). Prominent Academicians of 
that time include such eminent names 
as Nicholas (II) and Daniel Bernouilli 
(elected 1725), Leonard Euler (1727) 
and Georg Wilhelm Steller (of ‘sea- 
cow fame) (1737). It was from Euler’s 
time at the Academy that the famous 
problem of the ‘seven bridges’—one of 
the early landmarks of topology—dates. 
In spite of this source of inspiration, 
Euler found the atmosphere of St 
Petersburg unconducive to the free 
exchange of ideas, and in 1741 he 
accepted an invitation from Frederick 
the Great to join the Berlin Academy. 
(Asked by the Dowager Queen why he 
could only, apparently, speak in mono- 
syllables, Euler is reported to have 
replied that “I’ve just come from a 
country where, if you speak, you’re 
hanged!) In 1785, however, on the 
invitation of Catherine H, Euler 
‘returned to St Petersburg, where, in 
the intervals of research, he ‘was 
expected to produce such diversions for 
the court as a formal «athetnatical 
refutation of the ‘atheistic’ views of the 
visiting Frenche philosopher Diderot. 
(Euler’s tongue-in-cheek “proof”: “Sir, 
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The Academy's Moscow headquarters. 


reply! ”, astounded the court, discom- 
fited the unmathematical Diderot— 
and is reported to have found a place 
in current theological treatise! ) 

In spite of such Imperial digressions, 
the Academy at last settled down to 


producing its own scientists and 
scholars. Among numerous lesser 
luminaries, one finds names such as 


Lomonosov (elected 1741), Lenz (1828), 
Ostrogradskii (1828) and Krylov (of the 
Fables (1841). 

There was still, however, a strong 
international atmosphere, reflected 
specially in the honorary members, 
who included Réaumur (1737), Voltaire 
(1778), Linné (1754), Boscovitch (1759), 
d’Alembert (1764), Diderot (a reward, 
maybe for valour?) (1773), Lagrange 
(1776), Bode (1794) and Kant (1794), 
British honorary members included 
such well-known figures as Maskelyne 
(1776), Priestley (1780), Sir Joseph 
Banks (1780), Malthus (1826), Sir 
William Parry (1826), Sir Humphrey 
Davy (1826) and Faraday (1830). 
In the eighteenth century, the United 
States was represented by honorary 
members Benjamin Franklin (1789) and 
John Churchman of Philadelphia (1795). 

Yet in spite of its international be- 
ginnings, its use of Latin, French or 
German as its medium of publication 
{the Comptes Rendus of the Academy 
was still appearing in French in the 
1940s), and the continuing election of 
foreign scientists as honorary members, 
the international contacts of the 
Academy did not proceed smoothly and 
unbrokenly. The early years of the nine- 
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to form one of the cornerstones of his 
Westernisine policy—a consummation at 
the highest intellectual level of the 
European outlook that had driven him 
to cut off his subjects’ beards and to 
impose the death penalty on courtiers 
found sleeping with their boots on. 





teenth century showed the Academy 
fallen on hard times. This was partly as 
a result of the foundation of new 
universities, so that the Academy lost a 
certain amount of prestige, being no 
longer the ions et origo of all learning 
in Russia, partly this was'due to the 
conditions of the Napoleonic wars. 
Further, under Paul I (1796-1801), the 
receipt of literature from abroad was 
forbidden and international contacts 
were broken off. The membership of the 
Academy was reduced to half its 
original strength—and a large propor- 
tion of the remaining members were 
superannuated veterans, no longer able 
to attend meetings! 

Paul’s successor, Alexander I, was 
keenly interested in education, found- 
ing Universities (or reconstituting those, 
Vilna and Dorpat, which he had gained 
in recent territorial acquisitions). But 
although the Academy gradually re- 
gained its old strength and vigour, the 
vexed question of censorship remained. 
Knowledge might, and did, flow out of 
Russia—it was considerably more 
difficult for it to flow, or even to trickle 
in. The nineteenth century witnessed a 
running battle between the: Academy 
and Universities on the one hand and 
the Government on the other, on the 
right of learned bodies to import foreign 
literature, especially periodical litera- 
ture, without inspection by the censors. 
(It should be noted that censorship was, 
at times, ludicrously rigid; on one 
notable occasion a mathematical treatise 
was refused publication since it was 
feared that the “...” of the formulae 
for infinite series denoted a lacuna into 
which some revolutionary or ‘otherwise 
treasonable matter would be inserted by 
dissident minds.) Although from the 
beginning, the Academy and Universi- 
ties had been able to import scientific 
works (indeed, without them, no 
learned institution would have ever been 
able to begin functioning), the dispute 
arose out of the definition of “scien- 
tific”. The new constitution of Vilna 
University (1803) implies that ithe Uni- 
versities are to censor themselves. The 
decree on censorship of 1828 permitted 
the Universities and the Academy to 
“receive books without inspection by 
the censorship”, but they are; obliged 
“every time to inform the censorship 
committee for foreign books what the 
books are, how many, and when and by 
what route they were sent”. ' 

Although even the natural ‘sciences 
(with their suspect symbolism) were not 
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exempt from import difficulties,. the 
problem was particularly pressing with 
the ‘philosophers’, who needed to read 
current political journals. The restric- 
tions seem to have been imposed some- 
what intermittently, according to the 
prevailing political atmosphere. Thus in 
the 1840s for example, the Academy 
was able to receive the Allgemeine 
Zeitung and Berliner Nachrichten fairly 
freely. A decree of 1860, however, 
imposes somewhat narrow limitations : 
“The Imperial Academy of Sciences, 
the Pulkova Observatory and the Uni- 
versities may enjoy the right to obtain 
through the post from abroad books and 
periodical literature of academic con- 
tent in an open wrapper, without ‘exten- 
sion of this right to members of the 
Academy and Universities.” And since 
the opinion of the censorship on what 
was, and was not academic, was 
extremely arbitrary, one may find in 
these restrictions at least a partial 
explanation of the many claims that 
Russian scientists have discovered or 
elaborated some principle “indepen- 
dently” of work done abroad. Althou%h 
most of the more fantastic claims gis- 
appeared with the excesses of othe 
personality, cult, one still finds from 
time to time references, for example, 
Pravda, June 12, 1973, to Popov as the 
inventor of radio. Such parallelism may 
be attributable, at least if part, to these 
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censorship difficulties—a Russian work- 
ing in a given fleld might well have 
been completely unaware of what his 
opposite numbers abroad were doing. 
Yet, conversely, certain eminent nine- 
teenth century Russian scholars were 
never to become Academicians, Loba- 
chevskii spent his life in the backwater 
of Kazan’ and Mendeleev was refused 
membership on account of his danger- 
ously ‘liberal’ views. One way and 
another, the nineteenth century 
Academy lost much by governmental 
intervention. 

From the leisured days of the begin- 
nings of the Academy (one eighteenth 
century silhouette shows an open air 
meeting reminiscent of a féte champétre 
rather than a learned discourse) to the 
earnest days of post-Revolutionary 
Petrograd seems a far cry, yet, accord- 
ing to an official report of 1927, one of 
the first thing that the new régime did 
was to restore the old international 
contacts. “In the last ten years, the 
international relations of the Academy 
have taken the following forms: (1) 
participation of the Academy in perma- 
nent international unions and associa- 
tions of general scientific interest or of 
special disciplines; (2) joint scientific 
enterprises, such as expeditions, publica- 
tions, etc; (3) participation of the 
Academy in International and other 
nfeetings and congresses convened 
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abroad, and in the anniversaries of 
learned societies, scientific institutions 
or individual scholars; (4) scientific 
missions abroad, including the perma- 
nent work of our scholars in labora- 
tories of other countries; (5) rational 
and consistent exchange of scientific 
publications; (6) exchange of collections 
and the dispatch abroad, on a basis of 
reciprocity, of collections, manuscripts, 
and rare editions; (7) awarding of prizes 
and honorary titles to foreign scholars 
and mutual invitations to lecture at 
' higher education institutions or to take 
part in conferences on particular 
occasions and, finally, rational organis- 
ation of the acquisition abroad of 
publications, instruments, apparatus and 
all other scientific material, necessary 
for the Academy and its institutions”. 

To- what extent this excellent pro- 
gramme was implemented it is difficult 
to judge—official reports of this kind 
always have a tendency to overstate 
achievements. In any case, the picture 
was due to change. With the Stalinist 
purges of the 1930s, all contact with the 
West became not only discouraged— 
they were positively dangerous for those 
involved. Scientists who had trained 
abroad (under the plans so recently 
praised), were particularly vulnerable. 
In the Academies of the Union 
Republics (now virtually satellites of 
the All-Union Academy) where the 
accusation of ‘nationalism’ or ‘separat- 
ism’ was always possible, the situation 
was particularly tense. The Kiev 
Academy, for example, had no less 
than 13 Secretaries between 1921 and 
1938, all of whom were, in turn, 
arrested. The election of foreign hon~ 
orary members and corresponding 
members to the Academy came to a 
sudden halt. In the immediate post- 
revolutionary period, no foreign mem- 
bers were elected: then one member 
was elected in 1922, 18 in 1924 (includ- 
ing Frederick Soddy), one in 1925, one 
in 1926, five in 1927, four in 1928, nine 
in 1929, three in 1930, two in 1931, six in 
1932, one in 1933, and in 1934, the year 
in which the Academy formally moved 
its headquarters (with 250 wagonloads 
of equipment and more than 300 scien- 
tists) to Moscow, time was still found 
to elect five new foreign members (of 
whom Max Born was one). 

Then comes a complete gap. No 
further foreign honorary members or 
corresponding members were elected 
until 1942, when five new names 
(including J. B. S. Haldane) appear in 
the records, presumably as a symbol of 
Soviet friendship towards the Allies. 

As for the work produced by the 
Academy duning the 1930s, in spite of 
the new site, increased subsidies, the 
foundation of new institutes, and all 
other material government help that a 


learned institution might well desire,. 


the growth of what was later to*be 


known as the ‘personality cult’, was not 
conducive to sustained and concentrated 
research. As Robert Conquest has 
observed, although the man in the 
street could, in conditions of peril, stop 
talking, the professors and academicians 
had to go on lecturing! With the con- 
stant attrition due to the disappearance 
of those whose views failed to coincide 
with the current official line, and the 
occasional endorsement of a new theory 
from Party headquarters, Soviet science 
was not noted for the free dissemina- 
tion of ideas. It became inward-looking, 
and self-congratulatory. When the 220th 
anniversary of the Academy was cele- 
brated in 1945 (the ‘Catherine’ date 
being chosen, since on the ‘Peter’ date, 
the Soviet Union was fully involved 
with her war effort) we find in the 
proceedings of the occasion that the 
history of science has been considerably 
revised ! 

In aerodynamics, Mendeleev antici- 
pated Prandtl’s views on hydrodynamic 
friction by some 30 years, and a certain 
Rykachev in 1871 forestalled Enrffel’s 
experiments on the lift of an airscrew 
by 40 years. The Danish Bering was no 
longer the discoverer of the Strait which 
bears his name—he merely confirmed 
the the discovery made by “the Cossack 
Deinev” in 1648. The forces of 
“chemical constitution” (the nature of 
the chemical bond) were investigated 
by Butlerov in 1862—although it is 
somewhat naively observed that as with 
many other Russian scientists, “his 
work was not always duly appreciated 
abroad!” 

In the 1950s the Academy made 
a determined effort to free itself from 
the tight controls which demanded an 
immediate economic outcome of all 
projects, and, in spite of conventional 
lip-service to successive five-year plans, 
does manage to achieve a considerable 
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amount of basic research that has little 
immediate connection with the needs 
of the economy. 

On the international scene, how- 
ever, all is not entirely well. Inter- 
national co-operation does take place 
—but with an increased emphasis on 
co-operation within the Comecon 
block or on aid to the developing 
science of the third world. Specific 
agreements for co-operation between 
the Soviet Union and a specific Wes- 
tern country on a specific project or 
set of projects only underline the lack 
of a general atmosphere of free 
exchange. Soviet scientific journals 
flow out freely to the West (and agree- 
ments have been made for the produc- 
tion abroad of cover-to-cover trans- 
lations which appear within a few 
months of the Russian originals). But 
western journals entering the Soviet 
Union do so in single copies, which 
are then photocopied and distributed 
to academic institutions with any 
doubtful matter replaced by back- 
material of a more innocuous nature 
(for example, advertisements). The 
campaign of September 1973 against 
Academician Sakharov stated that “To 
be a Soviet scientist means to be a 
patriot’”—one must not bite the Party 
hand that subsidises one’s research, by 
advocating too close a co-operation 
with the west. The position of Jewish 
scientists who wish to emigrate to 
Israel who are refused a visa to 
emigrate, but at the same time dis- 
missed from their posts so that they 
can no longer exercise the talents 
which the state is supposedly conserv- 
ing for its own use has raised new and 
bitter feelings abroad. 

The inaugural address of 1725 spoke 
of bringing Russia into the world 
scientific community. But, no reference 
was made to the fact that the Royal 
Society, so admired by Peter, specifically 
excluded all considerations of the re- 
ligious or political views of its mem- 
bers—nor, would it seem, has the 
Academy yet learned, in the 250 years 
of its existence, to view a scholar’s 
scientific achievements apart from his 
personal philosophy. The cancellation 
of the international celebrations of the 
anniversary of the Academy, and its 
replacements by a programme of 
popular scientific lectures to the grass- 
roots of Soviet Society—-the workers 
and peasants, is more, therefore, than 
a gesture of pique over recent criti- 
cisms abroad of the restrictions and 
lack of academic freedom imposed on 
certain intellectuals in the Soviet 
Union—rather is it a repetition once 
more, of a pattern of isolationism 
which runs through the history of the 
Academy, a firm closing, yet again, 
of what was to have been one of the 
most prominent casements of Peter’s 
“window on the west’. 
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international news 





Canada’s reply 
to Indiannuclear 
explosion 


David Spurgeon, Ottawa 


CANADA has responded quickly and 
firmly to India’s explosion of an under- 
ground nuclear device. External Affairs 
Minister Mitchell Sharp announced four 
days after the weekend’s test that 
Canada has suspended all nuclear assist- 
ance and cooperation and recalled 
Atomic Energy of Canada Limited’s 
resident representative. 

Mr Sharp said that the Canadian 
government is very disturbed by the 
tests,in which a device of approximately 
1S kilotons yield was reported to have 
been exploded at a depth of 100 metres. 
“For all intents and purposes”, he told 
a press conference, “India now has 
developed the capability of producing a 
nuclear weapon”. 

Canada’s concern has resulted from 
the likelihood that the plutonium used in 
the explosive device came from a reactor 
named CIRRUS that was a gift from 
Canada. Canada has also designed and 
helped to build and equip two electric 
power reactors at Rajasthan (Rapp I 
and Rapp II), and most of India’s 
nuclear personnel have been.trained in 
Canada. 

Canada has long been fearful of 
India’s nuclear intentions. Copies of 
correspondence between Prime Minister 
Pierre Trudeau and India’s Prime 
Minister Indira Gandhi in October 
1971, which were distributed at the 
press conference, reveal] Canada’s con- 
cern at that time for the prevention of 
proliferation of nuclear weapons. 

“The use of Canadian - supplied 
material, equipment and facilities in 
India, that is, at CIRRUS, Rapp I or 
Rapp II or fissile material from these 
reactors, for the development of a 
nuclear explosive device would inevit- 
ably call on our part for a reassess- 
ment of our nuclear cooperation 
arrangements with India, a position we 
would take with any other non-nuclear 
weapons state with which we had 
cooperation arrangements in the nuclear 
field”, Mr Trudeau warned. 

“My government’, replied Mrs 
Gandhi, “reiterates its commitment to 
the provisions contained in the nuclear 
cooperation agreements between India 


and Canada to which your government 
is also committed. Our two govern- 
ments have acted in conformity with 
these arrangements for the past several] 
years. The obligations undertaken by 
our two governments are mutual and 
they cannot be unilaterally varied”. 

What appears to have let the Indians 
off the hook, at least in their own 
minds, is their interpretation of the 
underground device they exploded as a 
“peaceful use” of nuclear energy. This 
interpretation has never been shared 
by Canada, but it seems to have been 
India’s all along. Canada signed the 
Nonproliferation Treaty but India 
refused on the grounds that it was 
“discriminatory”. 

Canada did win inspection provisions 
for the two Rapp power reactors by the 
International Atomic Energy Authority 
but there were no such provisions for 
the CIRRUS reactor. CIRRUS seems 
the most likely source of plutonium for 
the device. For other reasons: AECL 
officials say that the one Rapp reactor 
now running has not been operating 
long enough to produce sufficient pluto- 
nium for an explosive device. The Rapp 
reactors are of the Candu type, fuelled 
with natural uranium and they are not 
ideal for producing weapons grade 
material in any case. 

The CIRRUS was initially fuelled by 
Canada but subsequent fuel was manu- 
factured by the Indians themselves, 
according to Canadian officials. The 
Indian fuel was not subject to inspec- 
tion. Thus the plutonium for the device 
could have come from the Indian fuel 
and have been separated out in India’s 
reprocessing plant, which has been 
operating since 1964. In fact, press 
reports in India were said by a spokes- 
man in Canada’s Department of Exter- 
nal Affairs to have quoted Indian 
officials as saying that this was the 
case. 

Asked for his personal reaction to 
news of the explosion, J. L. Gray, 
President of AECL, said quite frankly 
“I was really quite surprised and very 
disappointed”. Gray suggested that 
halting Canada’s nuclear assistance at 
this point will have little effect on 
India’s nuclear power programme. “It 
might delay them but it won’t séop 
their programme,” he said. One of 
the Canadian-built Rapp reactor’ is 
already running, the other is ntarly 
finished and India is building four more 
of its own. 

in future Canada’ will try to assure 


that there is no ambiguity about the 
® 


meaning of the phrase ‘‘peaceful uses” 
in agreements with other countries. But 
it is not clear how that will be accom- 
plished for Mr Trudeau’s 1971 letter to 
Mrs Gandhi seemed clear enough. Mr 
Sharp said that Canada “made it clear 
in international discussions and in 
bilateral exchanges with India that the 
creation of a nuclear explosion for so- 
called peaceful purposes could not be 
considered as a peaceful purpose within 
the meaning of our cooperative arrange- 
ments”. 

India’s action has also brought up 
the question of Canada’s aid programme 
to that country in general. Mr Sharp 
said that Canada is conscious of the 
very large costs involved in the develop- 
ment of nuclear energy for peaceful 
purposes and appreciates the substantial 
resources needed for the development 
of explosive devices. ‘Canada does not 
intend to share the burden of relieving 
such costs” he said. Thus the Canadian 
government is not prepared to agree to 
any roll over of India’s commercial 
debt to Canada which is largely 
related to her nuclear energy pro- 
gramme. 

Apart from the danger of nuclear 
weapons proliferation, many Canadian 
officials have found it hard to under- 
stand the rationale of putting a high 
priority on an expensive nuclear device 
which has a questionable utility while 
such vital national problems as assur- 
ing an adequate food supply continue 
to go unresolved. Indian spokesmen 
said the device was needed to aid in 
developing new energy sources, but 
understood nuclear devices have not 
been notably successful in such uses, 
even in the United States. 


Oil from Russia? 


from our Soviet Correspondent 

SPEAKING in London recently, Academ- 
ician Vladimir A. Kirilin, Deputy Chair- 
man of the Council of Ministers of the 
USSR and Chairman of its State 
Committee for Science and Technology, 
called for cooperation between Britain 
and the USSR over energy matters— 
both in nuclear energy and oil pro- 
duction. 

The occasion was the third meeting 
of the Permanent UK/USSR Ynter- 
governmental Commission for Co- 
operation in the fields of Applied 
Science, Technology, Trade and Eco- 
nomic Relations. Mr Peter Shore, 
Secretary of State for Trade led the 
Pnited Kingdom delegation and pre- 


506 


sided; Academician Kirilin headed the 
Soviet delegation. 

The meeting paid considerable atten- 
tion to ways of implementing the 
recently signed (May 6, 1974) Ten Year 
Agreement on the Development of 
Economic, Scientific, Technological and 
Industrial Cooperation, studying, in 
particular, the cooperation in major 
technological projects on a compensa- 
tion basis and the necessity for flexi- 
bility in planning individual cooperative 
ventures. 

It was recommended that further 
exchanges should take place in the 
fields of crystal structure and macro- 
molecules, astronomy, phase synchro- 
tron radiation, plasma physics, hydro- 
static extrusion, corrosion and tribology. 

At the press conference after the 
meeting, Academician Kirilin said that 
cooperation in the field of breeder 
reactors “in which both countries have 
had notable achievements” could con- 
siderably reduce the cost of energy pro- 
- duction. 

As to oil production, he said that 
talks have begun with British Petro- 
leum, to be continued in Moscow next 
month, to outline a possible scheme by 
which the United Kingdom would pro- 
vide the plant and that in return the 
Soviet Union would deliver oil for BP 
“for we do not expect at he moment, 
the UK will deliver oil to the Soviet 
Union!”. This, however, he stressed, 
is still in the planning stage, and a 
number of possible options for co- 
operation in this field lie open. 

Speaking generally, Academician 
Kirilin stressed that the current round 
of talks and, indeed, the 10-year agree- 
ment could only bear their full fruit in 
an atmosphere of detente and co- 
operation, which, he averred was a 
fundamental tenet of Soviet foreign 
policy. This raised a number of ques- 
tions about the rights of scientists to 
emigrate, and what proportion of the 
goods to be exchanged had originated 
in Labour Camps (the questioner was 
doubtless thinking of The First Circle). 
Academician Kirilin replied that there 
were no labour camps in the Soviet 
Union, and that because of semantic 
difficulties, this question could not be 
profitably discussed, that “almost all” 
scientists who wished to emigrate could 
do so—the exceptions being those con- 
cerned with national security, and that 
as for the Panovs (who as dancers 
could hardly fall into that category), he 
personally had never heard of them 
until he came to London, but he was 
sure their fate “would be dealt with 
fairly”. At which point, in the cause 
detente and cooperation, Mr Shore 
intervened and brought the discussion 
back to the safer channels of mutual 
economic benefits and exchange. 

After the conclusion of the official 
talks, the Soviet delegation began a 


programme of visits to laboratories and 
research establishments with which 
possible cooperation was envisaged. 
The first visit on the programme was 
to the fusion laboratories at Culham, 
where Academician Kirilin presented a 
paper read on his behalf by Dr John 
Chubb, on the present and future 
energy situation in the Soviet Union. 
His data seemed perhaps, a little on the 
optimistic side—fast-neutron reactors a 
practical possibility by 1985, and it was 
interesting to note that in spite of the 
importance which he places on co- 
operation in thermonuclear research as 
a source of cheap power in the future, 
he stressed the immediate emphasis in 
the Soviet Union on the coal industry, 
and recommended a rethinking of the 
advantages of coal to the West! 


Archaeology in crisis 


from a Correspondent 

A BASIC reorganisation of archaeéolo- 
gical excavation in Britain is 
heralded in a recent press release from 
the Department of the Environment. It 
scarcely hints, however, at the under- 
lying problems created by the increase 
in rescue archaeology, and by the 
apparent failure of the Department of 
Education and Science to respond to the 
current archaeological crisis with the 
awareness shown by its sister Depart- 
ment. 

Mr Crosland’s announcement pro- 
mises an increased grant of £1,063,000 
for rescue excavation and post- 
excavation work in Great Britain during 
1974-5. When compared with the grant 
of £440,000 for 1972-3, and £813,000 
for 1973-74, this shows a continuing 
awareness of the widespread destruction 
which urban development and mechan- 
ised farming are wreaking upon what is 
left of Britain’s past. For the evidence 
can be rescued only now, before it is 
gone for ever. 

The accelerated growth of rescue 
archaeology in this country has created 
its own practical problems, however. 
There is a shortage of skilled archae- 
ological fieldworkers for the senior 
positions, and especially of trained 
diggers—the equivalent, in a sense, of 
laboratory technicians in the natural 
sciences. Even so, there are now many 
hundreds of these diggers, working all 
the year round, replacing at least in 
part the amateur archaeologists who 
until a decade ago made up the entire 
work force on any summer dig. The 
emergence of what is in effect a new 
psofession—of full-time digging archae- 
ologists—requires some coordination in 
terms and conditions of employment, 
and® trade union membership is now 
under active discussion (The Times, 
May 25, 1974). The formation of some 
sort of Associafion of Professional 
Archaeologists has now been proposed, 
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which could propose and promote some 
unified career structure, serving the 
varied interests of archaeologists in 
museums, the universities, the civil 
service and the local authorities as well 
as the full-time diggers. 

These logistic questions are less im- 
portant, however, than the crucial one 
of using the annual rescue budget of 
£1 million to good effect. Hitherto this 
has been entirely the responsibility of 
the Ancient Monuments Inspectorate 
of the Department of the Environment 
—and its very title recalls that until a 
decade ago the Inspectorate’s principal 
task was the maintenance of the ancient 
buildings and archaeological sites under 
its guardianship, and the protection 
from destruction of other sites listed as 
scheduled monuments. The explosive 
growth of rescue excavation, financed 
by the Department of the Environment, 
has put heavy new responsibilities upon 
its archaeological personnel. 

The second, and ultimately more 
important part of the Minister’s 
announcement takes account of this by 
setting up a number of advisory com- 
mittees. The first is a new national 
advisory committee (a sub-committee 
of the Ancient Monuments Board, 
which advises the Secretary of State on 
the scheduling of Ancient Monuments) 
to advise on the priorities of archae- 
ological excavation in England. In 
addition 13 advisory committees are to 
be set up on a regional basis to advise 
on local priorities for rescue excavation 
and archaeological survey where sites 
are threatened. 

It remains to be seen how this struc- 
ture of regional committees and a 
national committee will operate (and 
there has been immediate criticism that 
the regional committees are not to have 
direct representation on the national 
committee). But at least it goes some 
way to meet a fundamental point, 
which the urgency of rescue excavation 
and the expenditure of public money 
upon it both at national and local level, 
has sometimes served to obscure. The 
only purpose of rescue excavation, 
where the site itself is by definition 
doomed, is the provision of information 
about the past. All rescue excavation is 
research, aimed at providing new in- 
formation to enlarge our knowledge 
and understanding of the post. Yet 
hitherto, as both the Council for British 
Archaeology, and Rescue, The Trust 
for British Archaeology have pointed 
out, there has been no coherent research 
strategy of any kind in this country. 
Sites have been dug simply because they 
were threatened with destruction. But 
while this is a necessary condition for 
the expenditure of public funds, it is 
certainly not a sufficient one, for even 
the increased funds allow for the com- 
plete excavation of only a tiny fraction 
of the sites threatened. In general, in- 
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deed, there is too much hasty digging 
and not enough thinking, resulting in 
the production of large quantities of 
data without any clear idea of just what 
prolems it is supposed to solve. More- 
over the total failure of publication to 
keep up with the increase in excavation 
has recently been stressed (Addyman, 
Rescue News, 6, 1; 1974), nor can all 
the publications which appear be rated 
as Significant contributions to our 
knowledge of the past. These are 
problems which the new advisory com- 
mittees must now tackle urgently if the 
increase in rescue excavation is to be in 
any way effective in counteracting the 
loss of evidence by development and 
destruction. The task now is to make 
rescue research more effective in terms 
of significant results and their rapid 
publication. 

And it is here that the Department 
of Education and Science has so far 
failed for, unlike the Department of 


The future of 
National Parks 


Peter J. Smith 
ACCORDING to the late John Dower, a 
National Park in the British context 
was to be “an extensive area of beauti- 
ful and relatively wild country in which 
(a) the characteristic landscape 
beauty is strictly preserved, (b) access 
and facilities for public open-air enjoy- 
ment are amply provided, (c) wildlife 
and buildings and places of architectural 
and historic interest are suitably pro- 
tected, while (d) established farming use 
is effectively maintained”. The precise 
wording of the National Parks and 
Access to the Countryside Act 1949. 
under which the ten National Parks of 
England and Wales were later created. 
was slightly different that they were to 
be designated areas in which an attempt 
would be made by careful control to 
avoid radical change in either natural 
or man-made characteristics whilst 
encouraging greater recreational use. 
Twenty-five years later the result. 
now examined by a committee under 
Lord Sandford (Report of the National 
Park Policies Review Committee, 
HMSO, London, 1974), can be seen to 
be mixed. There is no doubt that the 
National Parks have managed to main- 
tain some distinction and are generally 
held in high public regard, but at the 
Same time they have been eroded to a 
much greater extent than their creators 
envisaged or would have desired. Part 
of the conflict between the ideal and 
the reality has arisen because, rightly or 
wrongly, the 1949 Act made no attempt 
to change the ownership of the land 
within the designated areas. and so 
total responsibility for each park has 
never been in the hands of a single 


the Environment, it actually has a 
formal public commitment to scientific 
research. Now, archaeological excava- 
tion under the often hasty conditions 
implied in rescue work, does not offer 
the ideal laboratory for the develop- 
ment of new techniques and the in- 
vestigation of entirely new approaches 
to the past which are essential for real 
progress. Yet archaeological research is 
considered as outside the field of interest 
of each of the three research councils 
(SRC, SSRC and NERC) which might 
be expected to support it, to the extent 
that the only way an archaeological 
research project can find support from 
them is to masquerade as something 
else and lodge itself in a department of 
physics or geology. The British 
Academy, to be sure, makes a number 
of small grants, but these are distributed 
over the whole field of the humanities. 
Some time ago the British Academy 
and the Royal Society held joint dis- 


administration. This lack of complete 
control by park authorities has been 
particularly unfortunate where it relates 
to the use of land previously estab- 
lished for farming. 

As Sandford points out, the scenic 
quality of the man-made part of the 
environment in National Parks is due 
primarily to the grazing of sheep and 
cattle, which maintains the characteristic 
open landscapes. But large scale 
afforestation of open land with alien 
conifers has taken place as a result of 
national economic decisions—a develop- 
ment which park authorities have been 
largely powerless to prevent, and 
heather moorland and other rough 
grazing have been converted to more 
productive pasture altering the open 
character of the country and impeding 
access. The political difficulty is that in 
the last res®rt the park authorities have 
little power over the attivities of private 


landlords. Sandford thesefore recom- 
o 
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cussions on this curious state of affairs 
It is believed that they resolved jointly 
to approach the Department of Educa- 
tion and Science with a view to the 
institution of some body, analogous to 
the SRC or to NERC, by which 
scientific research in archaeology could 
be supported. But so far nothing more 
has been heard. So we have the para- 
dox that rescue excavation is supported 
by the government on an inereased 
scale, reflecting real awareness of the 
archaeological crisis, while the further 
scientific research which should exploit 
this great opportunity by analysing 
existing data and by developing new 
techniques, is simply not taking place. 
Archaeological research in Britain is 


thus in a state of considerable con- 
fusion. Mr Crosland’s advisory com- 
mittees will have to work long and 


think clearly if the funds for rescue 
excavation are to yield commensurate 
Scientific and historical rewards 





The Scafells across Wastwater > inviolate? 





mends that where mutual agreement on 
land use proves impossible, the authori- 
ties should have the power of com- 
pulsory purchase, and that afforestation 
in particular should be subject to plan- 
ning controls. 

As for development, parks have 
generally been able to avoid excessive 
residential and small-scale commercial 
development but there has been what 
many people take to be a deplorable 
amount of large-scale development. 
generally under pressure from central 
government and supposedly “in the 
national interest”. Sandford’s view is 
that because the National Parks account 
for 9% (over 3.3 million acres) of the 
area of England and Wales. and con- 


tain important mineral and water 
resources, it would be unrealistic to 
hold them inviolate against such 


development. At the same time, the 
o 





“feport a pa 
aside too easily”, and suggests that in 
future there should be a strong pre- 
sumption against development which 
conflicts with park purposes. 

Some of the parks’ more obvious 
difficulties have arisen from the inherent 
conflict between preservation, on the 
“one hand, and public enjoyment of the 
-preserved facilities, on the other, the 
ever-increasing number of visitors has 
begun to threaten the very character- 
istics which attract the visitors in the 
first place. Road alterations have been 
-carried out. with no overall scheme in 
mind and in ways more appropriate to 
the urban than the rural environment, 
ars, coaches and caravans have been 
owed tO penetrate ‘sensitive’ areas: 
nd roadside walls and verges have 
uffered from over-heavy vehicles. 

_. The general problem here as Sand- 

~ ford sees it is that both park authorities 

-and the government have been slow to 

























A EE * 
lean symposium 
are. scientists who firmly 
sal opinions which differ 
rom one to another. We are not con- 
red to try and understand these 
fferences. We are, however, con- 
iced that every scientist (like every 
nscientist, indeed) has the right to 
Id. what ideas he likes and to main- 
n them within his own country in 
he manner which he deems best. 
We are similariy convinced that all 
political matters should be excluded 
< from international scientific associa- 
tions. Officialdom, no more than the 
organisers of, or the participants in 
-international meetings, should neither 
-.dmpose nor allow any mixing of science 
and politics. 

This is why we object to the follow- 
ing phrase “the re-establishment of 
social peace and internal order guaran- 
tees and secures to carry out this 
scientific event’ in the invitation 
emanating from the Chilean section of 
the International Association of Vol- 
canology and Chemistry of the Earth’s 
Interior to attend a symposium in 
Santiago. 

We cannot accept that a regime 
© which has covered its large and un- 
-happy country with blood, and which 
still continues to permit torture and 
¿> political assassinations, should be per- 
> mitted to include such a phrase in its 
=- circular of invitation to foreign 


scientists. . 
+é 


“amenity values appear to have been set hav d 
fact that, 


suk te “walkers - and 
climbers in the forefront of thinking 
during the 1940s are now more numer- 
ous than ever, the drivers have multi- 
plied at an even higher rate. What, 
specifically, should be done? The Sand- 
ford recipe includes the routing of new 
trunk roads around the National Parks, 
the abandoment of any attempt to 
maintain uncongested traffic flow within 
the parks by means of new road 
development, refusal to permit altera- 
tions in existing road width or align- 
ment, encouragement of peripheral 
parking linked to public transport inside 
the parks, and the resiting and screening 
of prominent caravan sites. Of course, 
it is one thing to identify sensible 
solutions, but quite another to carry 
them out-—and the Sandford committee 
goes little into detailed implementation. 
On the other hand, there can be no 
doubt that the basic principle is sound 


Needless to say, we do not propose 
to participate in this symposium and 
are of the opinion that a similar 
attitude should be adopted by any 
volcanologist sensible of the terrible 
Chilean tragedy, since his very” pre- 
sence there might tacitly imply 
tolerance from the human point of 
view. 

Yours faithfully, 
Fr. BARBERI 
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Spilt milk 

Sir, — John Hall rightly adduces 
®&veral arguments against the change 
from breast feeding to bottle feeding 
whjch is apparent in less developed 
countries. But his descrigtion of the 
character of the “Baby Killer”, bottle 
feeding, is incomplete as ft does not 


mention an effect of bottle feeding 
that will probably kill even more 
e 


precehvation: 
beauty ee 











wre with ihe pro- 
motion of public enjoyment, the former 
must prevail. 

Finally, the report suggests that R 
should be designated “national heritage 
areas” in which “the conservation of 
environmental qualities would be the 
supreme objective . . taking pre- 
cedence over all others”. There would 
be no settlement larger than a hamlet, 
no industrial development, no quarry- 
ing or mining, no reservoirs or defence 
works, no main roads or railways, no 
facilities for visitors, and visitor access 
would be limited to foot, bicycle and 
horse. This is the one genuinely radical 
suggestion in the whole report, although 
it is actually a minority proposal from 
four members of the committee. It 
deserves the widest debate, for this may 
be the last available opportunity for 
conserving “areas of the highest 
environmental quality”. 


babies than the associated infections, 


malnutrition and poverty do. Lacta- 
tion postpones postpartum ovulation 
and therefore contributes to birth 


spacing. It has been shown that pro- 
longed lactation is indeed an important 
factor in controlling population 


growth, Populations in less deve- 
loped countries that are changing 


from breast feeding to bottle feeding 
are likely to be insufficiently familiar 
with other means of family planning 
to compensate for this growth 
mechanism. I know of a case where 
all the female patients in a rural East 
African hospital were given a bra as 
a Christmas present, though family 
planning programmes in that area had 
not yet yielded any obvious result and 
the women concerned had hardly ever 
shown interest in bras. Whether due to 
well-intentioned grafting of our breast- 
centred culture into less developed cul- 
tures or due to deliberate promotion 
of dairy and bra industries, such be- 
haviour is likely to add to baby killing 
population pressures. We should be 
aware of such incipient trends disturb- 
ing the balance between mortality and 
birth rates in less developed countries 
in addition to those already caused by 
Western medicine and technology. 


Yours faithfully, 
J. WIND 


Institute of Human Genetics, 
Free University of Amsterdam. 










transcription is often put forward as the 
control for protein synthesis during 
d development. But there are other 
© Muclear processing and selection of 
transport as well as various forms of 
is clear that gene expression has a 
ditative aspect since highly specialised 

ytes, lymphocytes, silk gland and lens 
Is all produce a large amount of a few polypeptide chains 
and a small amount of a much larger number of proteins. 
Greater rates of transcription from genes appropriate to the 
end cell line may account for the quantitative differences in 
protein synthesis observed in these cells, although other 
possibilities such as differential mRNA stability, for which 
there is some evidence (Kafatos, Fifth Karolinska Sym- 
posium, 319; 1972) are not rigorously excluded, 

Presumably gene expression also has a qualitative aspect 
but examples are harder to find and interpret since the 
answers obtained depend on the level of discrimination set 
by the techniques used in the analysis. Nucleic acid hybridis- 
ation procedures have recently provided evidence in 
a variety of systems for qualitative differences between 
RNAs extracted from different adult organs of the mouse 
{Brown and Church, Dev! Biol, 29, 73: 1972): Grouse, 
Chilton and McCarthy, Biochemistry, 11, 798, 1972) and 
different developmental stages of the slime mould Dictyo- 
stelium (Firtel, J. molec. Biol., 66, 363; 1972). These workers 
have used purified labelled unique DNA sequences in 
nucleic acid hybridisation reactions with RNA in excess to 
investigate the proportion of unique DNA sequences repre- 
sented by RNA transcripts in any given RNA preparation. 
Either total cell or total nuclear RNA preparations have 
been used to drive the hybridisation reactions. To compare 
two RNA preparations they are hybridised separately and 
together under identical conditions and the amount of 
labelled unique DNA found in RNA/DNA hybrids can 
then be determined. From the results it is possible to 
compute the sequences common to both and also those 
present in one but not the other. For instance, in 
Dictyostelium, Firtel has shown that about 20 % of the 
genome is represented in RNA at all stages of development 
and about 37% consists of sequences expressed at particular 
developmental stages. These studies provide evidence for 
qualitative changes in gene transcription durin g develop- 
mental and differentiation, but do not throw light on the 
question of qualitative differences between nuclear and 
cytoplasmic unique gene transcripts. 

Two recent articles (Smith, Hough, Chamberlin and 
Davidson, J. molec. Biol., 85, 103; 1974: Galau, Britten and 
Davidson, Cell, 2, 41, 1974) suggest in a developmental 
situation that the total number of diverse unique DNA 
sequence transcripts in nuclear RNA is ten times greater 
than in mRNA from polysomes. Using sea urchin 
embryos at the gastrula stage of development Smith et al. 
isolated heterogeneous nuclear RNA (hnR NA) labelled by 
a 10 min pulse of *H-uridine. The hnRNA was fractionated 
in non-denaturing sucrose: gradients to give three fractions 
sedimenting less than 23S, between 23 and 40S and greater 






than 40S. Th- greater than 40S fraction. s 
hybridisation experiments with unlabelled 
DNA in excess under various conditions. 

First the amount of hnRNA hybridising to I 
40 was determined at two DNA/RNA ratios. 7 
ditions represent an assay for repetitive sequence. 
since by Cur 40 75% of repetitive DNA sequen 
than 5% of single copy DNA should have g 
About 25% of total *H-labelled hnRNA is reco 
hybrids separated from non-hybridised RMA 
hydroxyapatite columns. Treatment with ribonue 
recovery of hybrids reduces this value to 5-8 
“H-hnRNA, suggesting that one-fifth to one 
hnRNA hybridised by Cor 40 is in DNA/RNA d 
the rest is in unhybridised RNA tails which are ren 
ribonuclease treatment. RNA size was determin 
(3,000 nucleotides) and after (1,100 nucleotides} hybrid 
suggesting that during hybridisation and subsequent is 
of hybrids the RNA is cut on average once or 
molecule. Assuming the cuts are random and t 
no more than one repetitive element per bow 
then about 70% of the hnRNA molecules: 
action should contain one such sequence. Hf - 
hand some bound fragments were composed who! 
titive sequences and others contained smaller 
sized repetitive sequences this value will be 
calculated to be not less than 50%. Other in 
such as 75% of molecules composed of ne a 
sequences and 25% composed of intermingled repetitive and > 
non-repetitive elements, do not, however, seem to have been 
excluded. 

Another point of interest is that the average size of : 
titive and non-repetitive sequences in the hoRNA - 
hybrids can be computed from the average length a 
dised molecules (1,100 nucleotides) and the propo 
‘hybrid which is resistant to ribonuclease 4 
Repetitive sequences in sea urchin gastrula hnRNA 
fore about 300 nucleotides long, a figure which 4 
agreement with the average length of interspersed 
sequences found in sea urchin (Graham ef al, € FAR 
1974) and Xenopus DNA (Davidson er al., J. molec. Mol, 
77, 1, 1973). 

Smith ef al. next investigated the hybridisation of hi 
to non-repetitive DNA sequences by allowing the} 
tion reaction to proceed beyond Cor 40 and wy 
at which point about 47% of the “H-abelled & 
hybrid; this value can be increased to 65— M 
DNA to RNA ratios. It is clear from the s 
curve that a large proportion of hnRNA r 
sequences transcribed from non-repe 
the detailed interpretation of these results s 
uncertainties—mainly to do with possible vi 
cific activity of the reacting species—the st 
a few unique sequences are present in hok 
greater amounts than others, since only at wer 
RNA ratios are there enough sites prov 
the RNA to hybridise. Most unique sequen: 
present in relatively few copies since there 
increase in hybridisation at C.r 4,000 fror 
ratio of 30 up to 15,000. This means thate 
DNA sequence is present at the lower rath 
bulk of the sequence complexity in hna N 
not possible directly to calculate norm-repetitiw 
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-© complexity from these results (RNA-driven reactions are 


© required for this), a rough minimum estimate of 10% of 
the unique sequence of the total genome is obtained. Pre- 
liminary results using RNA-driven hybridisation reactions 
indicate a value two or three times greater. 

In order to compare the genetic information in hnRNA 
with that in polysome-bound mRNA it is necessary to esti- 
mate the proportion of unique DNA sequence complexity 
present in cytoplasmic MRNA. Galau er al. have done this 
for sea urchin gastrulae using RNA-driven hybridisation 
reactions with ‘H-labelled purified non-repetitive DNA as 
the probe. First they isolated polysome-bound RNA by pro- 
cedures previously shown to extract most of the cytoplasmic 
mRNA essentially free of hnRNA although containing sub- 
stantial amounts of ribosomal RNA (Goldberg, Galau, 
Britten and Davidson, Proc. natn. Acad. Sci. U.S.A., 79, 
3516: 1973). This was hybridised with “H-labelled non- 
repetitive DNA in 3-40 fold excess RNA for various 
lengths of time to give RNA Cats up to 60,000. Since DNA 
renaturation is not prevented subsequent analysis distin- 
guished between DNA/DNA and DNA/RNA duplex. It was 
found with four different RNA preparations that a maximum 
of 1% of the total *H-DNA enters DNA/RNA hybrids. 
Proof that termination of the hybridisation reaction is due 
to exhaustion of DNA sequences complementary to MRNA 
was provided by reisolating unreacted “H-DNA and rehy- 
bridising it to a further sample of RNA. Only 0.02% formed 
new hybrid although when annealed with excess cold DNA 
most of it would still enter DNA/DNA duplex. The non- 
repetitive DNA probe contained as contamination a small 
amount of repetitive sequence and proof that the DNA in 
the RNA/DNA hybrid is non-repetitive DNA was given by 
reisolating the DNA from the hybrids and reacting it with 
an excess of sheared total DNA, when it renatured with the 
kinetics expected of unique sequence DNA. From these data 
in a caleulation which allows for asymmetric transcription 
= and the measured proportion of DNA unavailable for 
` hybridisation, Galau, Britten and Davidson conclude that 
2.7%, of the total single copy DNA sequence is represented by 
_ RNA transcripts in gastrula polysomes. Assuming a number- 
average length for mRNA of 1,200 nucleotides, this means 
that about 14,000 different mRNAs are present at this stage 
of development. It was calculated that only about 8% of 
the mRNA (called the complex class) drives the hybridisation 
reaction and contains 90-95% of the total sequence com- 
plexity. The rest (called the prevalent class) contains only 
5-10% of the sequence complexity since no early low RNA 
C.t transition was seen during the course of the reaction. 
From these figures, together with estimates for the total 
amount of mRNA in gastrula polysomes, the average num- 
ber of complex class mRNA molecules per gene at any one 
time was calculated at 340; for the prevalent class of mRNA 
this figure must be two orders of magnitude greater. 

It is clear from the results of these two papers that the 
proportion of the unique DNA transcribed into hnRNA is 
at least four times and maybe ten times greater than the 
proportion in active polysomes of sea urchin gastrulae. 
There is considerable debate at present over the possible 
role of hnRNA as a nuclear precursor to MRNA. If it is, 
these results suggest that 75-90% of diverse unique sequence 
transcripts present in nuclear RNA do not reach the 
cytoplasm, that is processing restricts qualitatively with 
respect to sequence the mRNA appearing in the cytoplasm. 

This result is particularly interesting as it provides evid- 
ence for control of gene expression at a levef beyond trans- 
cription. But before this interpretation can be, accepted it is 
important to ascertain what proportion of the anique DNA 
sequences code for protein, and also that the unique sequence 
transcripts present in hnRNA but absent from the cytoplasm 


are representative of sequences which do code for proteins e 


and do not have some other function. 
* PERRI. Forp * 
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Einstein in crisis? 


In spite of the great aesthetic and philosophical appeal of 
Einstein’s general theory of relativity, it is still, after 50 
years of widespread acceptance, one of the least well- 
founded theories in physics as far as experimental confir- 
mation is concerned. Of the three classic tests of the theory, 
the most impressive concerns the motion of the planet 
Mercury. In the ninetenth century it was known to Lever- 
vier that the perihelian of Mercury’s orbit precessed around 
tre Sun at a calculated rate of 43 are seconds a century. 
Such a deviation from a perfect elliptical orbit, although 
very small, was none the less a significant enough departure 
from Newton’s theory of gravitation to lead to the search 
for an undiscovered planet (which even had a name—~ 
Vulcan) which supposedly lay within the orbit of Mercury, 
and was responsible for perturbing its motion. 

Vulcan was not found, and in 1915 Einstein published 
his theory of relativity which beautifully accounted for the 
discrepancy in Mercury’s motion. This success must be 
regarded as the backbone of observational support for the 
general theory of relativity, so that any questioning of the 
result must be regarded with the gravest concern. To ques- 
tion the result is just what Dicke of Princeton University 
has been doing for some years, by directing his attention 
to the shape of the Sun. As a result of a long series of 
observations, Dicke claims to have detected a solar oblate- 
ness (a difference between the polar and equatorial radii) 
of (4.51 + 0.34) x 10°°%. The details of the observations, 
together with a tentative theory of the solar interior, are 
published in a recent issue of Science (184, 419-429; 1974). 

Dicke interprets the solar oblateness in terms of an un- 
even distribution of mass in the Sun’s interior, leading to 
a small but significant quadrupole moment of (2.47 + 0.23) 
x 107°. The presence of such a quadrupole moment would 
have a profound effect on the motion of Mercury; it would 
in fact reduce the perihelian precession by three arc seconds 
a century—a discrepancy of 7% from the relativity result. 

Under these circumstances there are always a number of 
alternative theories of gravity waiting in the wings, and it 
is no coincidence that one of the more serious contenders 
also comes from Dicke. Known as a scalar-—tensor theory, 
it is based on the idea that as well as the usual gravitational 
field which surrounds a massive object, there is an addi- 
tional (scalar) field which adds a fraction, for example, s, 
to a body’s weight. The value of s is not determined by the 
theory, but is generally held to be about 15-20%. Calcula- 
tions using the scalar-tensor theory show that Mercury's 
perihelian would still precess, but at a somewhat reduced 
rate. If s is about 15%, the reduction is around four seconds 
of arc a century. Not surprisingly, Dicke believes that the 
scalar-tensor theory is in better agreement with the obser- 
vations than is Einstein’s theory, provided that the solar 
oblateness interpretation is accepted as well. 

It is unlikely that a large oblateness would be believed bu 
astronomers unless there were a fairly good theory of 
stellar structure to go with it, and Dicke outlines such a 
theory in his Science article. One likely explanation for a 
quadrupole moment is the possibility that the interior of 
the Sun might be rotating faster than the surface. To obtain 
an effect of the right magnitude, it is necessary to have a 
solar core rotating at 20 times the surface value. 

It is thus necessary to account for the relatively slow 
rotation of the surface layers. Interestingly, there is a ready 
made explanation available, provided by the ‘solar wind’. 
This consists of streams of high velocity charged particles 
continvally shooting out from the surface of the Sun. Such 
particleg would couple strongly to the Sun itself through 
any magnetic field present, and would have the effect of 
‘braking’ the relatively tenuous outer surface of the Sun as 
the field twists up because of rotation. 
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Needless to say, the presence in the solar interior of a 
high differential rate of rotation raises deep problems: con- 
cerning stability. Nevertheless, observations of the rotation 
rates of other stars slightly more massive than the Sun 
indicate that young stars do indeed rotate about 20 times 
faster than the surface of the Sun, but that this rate falls 
off progressively as the star ages, presumably as a result 
of magnetic braking. The crucial question though, is 
whether the interiors of the older stars (such as the Sun) 
are still spinning at a very high rate. Extraordinary evidence 
that this might be so is provided from an unlikely source. 
In order that the solar surface continues to rotate under 
the breaking action of the solar wind, there must be a 
coupling between the rapidly spinning core and the surface, 
to provide a mechanism for the transfer of angular momen- 
n such mechanism, involving turbulent diffusion of 
t fluid, carries angular momentum upwards, but 
arries lithium downwards. Lithium is produced in 
in quantities in all stars, but in the Sun there is ap- 
ya depletion by a factor of 200 from the expected 
abundance near the surface. Dicke advances this as evidence 
of a rapidly rotating core. | 
These provocative ideas of Dicke have caused a great 
deal of controversy in recent years. Nevertheless, at this 
time, he feels that criticisms have been well met, and that 
Einstein’s theory faces a very real crisis. Naturally, the 
case cannot be decided on the basis of solar oblateness 
arguments alone. The complexities of stellar structure, and 
our ignorance concerning the condition of the Sun below 
its visible surface layers, preclude such sweeping conclu- 
sions. One other possibility of discriminating between the 
scalar-tensor theory and general relativity concerns the 
value of the Newtonian gravitational constant G, which in 
the former theory is actually a time-dependent quantity. 
The extremely slow variation of G predicted by Dicke may 
soon be accessible to observation using radar-ranging tech- 
niques to measure the motions of the nearby planets. The 
importance of the issue at stake should lead to observations 
like these being vigourously. ‘pursued in the next few years. 
P. C. W. Davies 
















ield affect climate? 

ALTHOUGH the suggestion that there may be a relationship 
between climatic changes and variations in the Earth’s 
magnetic field was first made more than 20 years ago, 
convincing correlations between the two have heen dis- 
covered only much more recently. The surprise is not that 
it took so long but that it ever happened at all. For what 
possible connection could there be between phenomena so 
obviously disparate? Yet the correlations exist: and al- 
though a direct causal relationship may be genuinely 
doubted, the fact that climate and geomagnetic field are 
linked at all raises the need to identify the intermediate 
factors by which the correlations come about. 

Apparently for historical reasons, some workers have 
drawn significance from the fact that both climate and 
magnetism seem to be related to fluctuations in atmos- 
pheric radiocarbon activity. De Vries (Proc. K. ned. Akad. 
Wet., B61, 94: 1958) seems to have been the first to propose 
a correlation between radiocarbon activity and climatic 
changes, in which he was followed ten years later by Damon 
(Met. Monogr., 8, 151: 1968): but by Damon’s time Elsasser 
et al. (Nature, 178, 1226: 1956) had already pointed out that 
radiocarbon activity was likely to be influenced by cRanges 
in the magnetic field. The argument here is that the cosmic 
radiation entering the atmosphere to generate the radio- 
carbon will be reduced if the strength of the geomagnetic 








field is increased, for the field has a shielding 
this phenomenon has received support from: me 
quent workers. So variations in the intensity of ¢ 
magnetic field fluctuations in atmospheric 
activity and climatic changes are apparently corre 
the past 7,000 yr, and there is a clearly understood ¢ 
ship between the magnetic field and radiocarbon 
Unfortunately, however, all this does nothing to exi 
how and why climate comes to be involved, 

More recently, important, albeit phenomer 
has been thrown on the climate connection È 
Wollin and his colleagues at the Lamont-Dol 
logical Observatory. Wollin et al. (Farth planes 
12, 175; 1971), for example, examined deep sea se 
cores for the past 470,000 yr and found that char 
intensity of magnetisation and the palacomagnet 
tion of the sediments could be correlated with the 
changes in the same sediments as represented by ¥ 
in, for example, the abundance of Globorotalia . ; 
and the coiling direction of G. trune atulinoides, AS 
they tentatively concluded that a “cause and effec 
ship links changes of the Earth's magnetic field ar 
(for example, that higher magnetic intensity prog 
is produced by, colder climate). They also sugges 
“it is possible that magnetism may modulate ch 
some degree by the shielding effect against solar ce 
radiation provided by the Earth's magnetic ñek” 
invoking a clear, if perhaps forced, analogy 
phenomenon known to affect cosmic rays. La 
et al. (Nature, 232, 549: 1971) used other deer 
to extend the correlation between magnetisation ¥ 
and climatic changes back to 1.2 Myr. 

The best way of summarising the work of 
his colleagues on deep sea sediments would proba 
say that the correlations themselves are convincing ¥ 
the explanation is not, which is why Aomerigian 
planet. Sci. Lett. 24, 321: 1974) has sought to 
something “simple and less astonishing”. Amerigian’s t 
point is that at least equally feasible causes of the obse 
correlations may be invoked, based on seafloor 
processes already known and known to be cl 
variable. For example, one of the principal! factors. 
the intensity of magnetisation of sediments is the + 
of magnetisation of the particles which settle to f 
sediments in the first place, and this in turn di 
composition. Most of the cores examined by Wo 
were high in organic calcium carbonate and, as ¢ 
shows in a scatter plot, the greater the prope 
essentially non-magnetic calcium carbonate presi 
sediment the lower (statistically) is the sediments im 
of magnetisation. In other words, calctum carbonate prod 
tion, which is climatically controlled, can affect intensity 
magnetisation in a way which is completely unrelated to 
strength of the geomagnetic field. Under such ciret 
it would clearly be unwise to suppose that a corre 
tween intensity of magnetisation and (other) ch 
dicators necessarily implies one between geomagn 
intensity and climate. 

The second important factor influencing the imen 
magnetisation of sediments is the efficiency of ¢ 
by which the settling particles are aligned into th 
ing magnetic field direction, and this in turn is re 
only to the strength of the field in which the ¿d 
takes place but also to the grain size distributi 
magnetic material involved. Materials with diff 
size distributions may settle out into the am 
direction with Uifferent efficiencies (that is, the. 
of material aftaining a magnetically controlled < 
will vary) depending on the current velocity, 
bottom current velocity is related to climate, th 
‘of magnetisation of the sediment will be partl 


cliyate. Again, then, ,it does not necessarily folto 
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“correlation between intensity of magnetisation and climatic 
indicators means that the latter correlate with geomagnetic 
field strength. 

Amerigian then goes on to show that the reported cor- 
relations between palaeomagnetic inclination and climatic 
indicators can result from variable inclination errors in- 
troduced by bottom-current velocity changes which are 
also climatically controlled. He does recognise, however, 
that his various mechanisms are only valid if the magneti- 
sations of sediments are depositional rather than post- 
depositional, for climatically controlled depositional 
processes can obviously only be relevant to the observed 
correlations as long as sediment magnetisations arise at 
the time the sediment is formed. There are known to be 
several ways in which post-depositional magnetisations can 
be, and probably are, produced, although it is by no means 
clear that such processes are universal. In any case, 
_Amerigian’s aim seems to be less to push particular ex- 
planations or combinations of explanations, for the 
observed correlations than simply to demonstrate that the 
correlations need not be direct. 

Where Amerigian may be on less certain ground is in 
his treatment of correlations between directly observed 
geomagnetic field changes and climatic variations. Since 


aa their work on sedimentary cores, for example, Wollin ef al. 
© (Nature, 242, 34; 1973) have reported just such correlations, 
but Amerigian dismisses them because of what he takes to 


be “unsatisfactory” data selection, Whether or not he 1S 
justified in this particular instance, the fact is that other 
workers are also finding relationships between magnetism 
and climate. It is by no means clear that these will be 
so easily refuted. PETER J. SMITH 


Lymphocytes at war 

Ir is a precept of many immunologists that the primary 
role of the vertebrate immune response is defensive, enabling 
the responding organism to resist attack by such foreign 
agencies as bacteria and viruses. Although there are 
objections to this notion—for example that invertebrates 
do not have such specific immune responses and yet they 
seem to defend themselves well---attack and defence have 
become so firmly rooted in the thinking of immunologists 
that many of their present-day analytical methods could be 
described as war games. One of the games with the most 
immediate impact is that which is fought in vitro between 
two genetically and thus antigenically distinct cell popula- 
tions. It is supposed that the outcome of this battle in some 
way reflects the manner in which foreign mammalian cells 
are dealt with in the living animal after tissue or organ 
transplantation. There is also the idea that tumours are 
antigenically distinctive and thus the various kinds of 
stimulation which can be shown in vitro are a manifestation 
of an anti-tumour surveillance mechanism. Like many war 
games the moves of those played by immunologists are 
complex and irritatingly abstruse to the uninitiated. Three 
recent communications in Nature illustrate the genre. 

Lafferty and his colleagues Misko and Cooley (Nature, 
249, 275-276; 1974) lay down the basic rule of their game 
in their first sentence. In translation it says that the response 
to a particular set of transplantation antigens in vitro is 
sometimes enhanced if there is a second and different set 
of antigens available to respond: two advessaries are better 
than one. Lafferty et al. cultured the cells from the lymph 
nodes of C57BL/6] mice with y-irradiated BALB/c spleen 
cells. This is said to be a one-way mixéd lymphocyte 
reaction in which the outcome is simplified by inactivating 
the capacity of one of cell populations to respond but 
leaving its stimulatory property apparently intact. The 
severity of the reaction can be, measured either, by 
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incorporation of tritiated thymidine into the cultures at an 
appropriate time or by subculture of the responder cells onto 
a "Cr-labelled tumour cell population which has some of 
the same surface antigens as the BALB/c stimulator cells 
(H-2°). 

Lafferty et al. go on to show that although y-irradiated 
cells are adequate stimulators, ultraviolet-irradiated cells are 
not. It seems that ultraviolet-irradiated cells still have the 
relevant antigens as they are effective absorbers of the 
appropriate anti-H-2 antisera. If, however, to cultures con- 
taining responder CS5S7BL/6J lymph node cells (H-2) and 
(poor) stimulator ultraviolet-irradiated BALB/c spleen cells 
(H-2") is added a y-irradiated CBA spleen cell population 
(H-2*), then the C57BL cells respond vigorously and generate 
anti-H-2" cytotoxic cells. Lafferty and his colleagues think 
that their experiments raise the possibility that “the anti- 
genic differences between donor and host may not constitute 
a major barrier to all transplantation” but that if the graft 
contains more effectively antigenic donor lymphocytes then a 
more vigorous response against the antigens of the major 
portion of the graft will ensue. 

Dennert’s experiments (Nature, 249, 358-360; 1974) 
are like those of Lafferty er al. in that the DBA/2J 
mastocytoma (H-2*) is again a target cell for attacking 
lymphocytes. Dennert injected the tumour into CS7BL/6] 
mice and then assayed for cytotoxic cells in their spleens 9 
days later. He found that if he used fresh tumour cells to 
immunise, then cytotoxicity developed but if he used cells 
fixed with glutaraldehyde or formaldehyde little cytotoxicity 
was discovered. Dennert then went on to estimate the 
immunological capacity of the spleens of the variously 
immunised CS7BL mice for their ‘helper’ capacity by 
incubating them ia vitro with trinitrophenyl (TNP)-coupled 
tumour cells and subsequently measuring the anti- TNP 
response by a plaque assay. If the spleen cells are immune 
anti the tumour cells then, because the tumour cells are 
acting as the carrier for the TNP hapten in the culture, an 
anti-hapten response should follow. Paradoxically the spleen 
from mice immunised with fresh tumour cells, which had in 
the other tests shown such a vigorous cytotoxic response, 
had little helper activity whereas those from mice immunised 
with fixed cells had helper activity but little cytotoxicity. 

Dennert goes on to show that spleen cells with high 
cytotoxic capacity are also able to suppress the expression 
of ‘helper function. These experiments serve to exemplify 
the intricacy of contemporary cellular immunology and 
Dennert feels that they suggest strongly that cytotoxic 
effector cells and helper cells are different ‘subsets’ of T 
(thymus-derived) cells in contradiction to the earlier 
suggestion of Kreth and Williamson (Nature, 234, 454. 1971) 
that they were the same cells. Categorisation of hetero- 
geneity of T cells is presently popular but it will remain to 
be seen whether the various putative classes are related to 
some basic diversity or represent alternative physiological 
conditions of initially the same cell populations. Thus 
Dennert’s article raises the larger question of whether 
lymphocytes are heterogeneous before antigenic stimulation 
or even as a result of it. 

The third of the trilogy by Plata and Levy (Nature, 249, 
271-274: 1974) draws attention to the fact that although all 
the effector cells in chromium release assays of cell-mediated 
cytotoxicity against murine sarcoma virus, induced tumours 
in C57BL/6 mice seem to be T cells, both T and non-T cells 
can be detected in the microcytotoxicity assay (Takasugi 
and Klein, Transplantation, 9, 219; 1970). Furthermore, it 
proved possible to show that the capacity of T cells to kill as 
detected by chromium release was not blocked by serum 
from tumour-bearing animals whereas in the microcyto- 
toxicity assay blocking occurred. Like Dennert, Plata and 
Levy ewish to conclude that they are dealing with two 
populations of T cells distinguished by their functional 
capacities in vitro, A, J. S. Davies 
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Pioneering Jupiter 
meeting at RAS 


by John Gribbin 


On Friday May 24 the Royal Astro- 
nomical Society broke new ground with 
their first meeting devoted entirely to 
discussion of the planet Jupiter. The 
stimulus to hold such a meeting at 
present came, of course, from the 
historic data gathered by Pioneer 10 a 
few months ago, and which are now 
being analysed. The process of analysis 
and interpretation is a long one, and 
although some of the speakers at the 
meeting are, it seems, regular acquain- 
tances from similar meetings held at 
various institutions every few weeks, 
they have yet to hear each other cover- 
ing entirely familiar ground. So what 
emerged from the recent RAS meeting 
was not in any sense a definitive state- 
ment about the nature of Jupiter— 
rather, a progress report of the state 
of the art, which raises one or two 
extremely puzzling questions. 

The meeting began with a resume 
from K. Runcorn (University of New- 
castle upon Tyne) of the pre-Pioneer 
picture of Jupiter and its radioactivity. 
It is now some 52 years since Jeffreys 
produced the first model of Jupiter, 
Runcorn recalled, and 37 years since 
advances in quantum mechanics showed 
that metallic hydrogen can be formed 
at pressures comparable to those found 
in the interior of that giant planet. For 
some two decades the presence of radio 
emission from Jupiter has been known 
—indeed it is the brightest object in 
the radio sky—and this ties in well with 
the idea of a fluid metallic core in 
which dynamo processes operate. 

No discussion of Jupiter is complete 
without mention of the Great Red 
Spot, which rotates with a period close 
to 9 h 55 min 40 s, some 10 s more 
than the rotation period of radio 
features, This can be explained, broadly 
speaking, by Hide’s model which Run- 
corn called “the most physically satisfy- 
ing explanation of the Great Red Spot”. 
In this model, the spot is seen as the 
visible part of a Taylor column pro- 
duced by an irregularity (mountain or 
crater) in the underlying solid surface. 
Then, the spot period represents the 
rotation period of the solid mantle, and 
the radio period the period of the 
weakly coupled core. 

If that is the case, it is to be expected 
that slight variations in the two periods 
—a few milliseconds or so—could be 
correlated in much the same way that 
variations in the rotation of the Earth’s 
magnetosphere can be correlated with 
changes in the length of day. Tantalis- 
ingly, the available radio observations 
can neither confirm nor deny this hypo- 
thesis, although to my eye the curves 
presented by Runcorn seem to fit this 


proposal better than the alternative 
hypothesis, that the radio period is 
strictly constant. One thing the Earth- 
bound radio observations do imply is 
that the Jovian magnetic field is, if 
dipolar, inclined at about 11° to the 
rotation axis—and this provides a neat 
tie in with the Pioneer 10 data. 

E. J. Smith (Jet Propulsion Labora- 
tory, CalTech) described the Pioneer 
observations of the Jovian magnetic 
field. The data are not sufficient to 
define a unique model, but the simplest 
model which fits them is of a dipolar 
field, inclined at 11° and offset from 
the planet’s centre, with a strength of 
4 gauss at the equator. Closest approach 
of the vehicle to Jupiter was 2.8 Jovian 
radii, and the field showed a steady 
cube law dependance on distance for 
most of the trajectory, as expected for 
a dipolar field. The offset of the dipole 
from the centre of Jupiter seems to be 
about one tenth of the planet’s radius 
(Ry), much more than the equivalent 
offset of the Earth’s field. 

The magnetosphere beyond some 20 
Rs is strongly deformed from the 
dipolar form which is characteristically 
closer to the planet, and seems to con- 
tain a thin current sheet. This has an 
important effect on the distribution of 
energetic particles around Jupiter, as J. 
Simpson (Enrico Fermi Laboratory, 
University of Chicago) and R. W. 
Fillius (University of California, San 
Diego) reported. 

Much of the data concerning the 
particle distributions and the sweeping 
up effect of some of the Jovian satellites 
is already familiar from published work, 
and the latest developments add little 
to the earlier analyses. But two 
intriguing features remain to be 
explained. First, the distribution of both 
protons and non-relativistic electrons 
peaks slightly further out from Jupiter 
than the Pioneer 10 periapsis. Extra- 
polation of the measurements suggests 
that there is a ‘particle hole’ close to 
the planet, and this can hardly be 
attributed to the influence of Amalfhea 
since high energy (35 MeV) electrons 
are not affected. Pioneer 11 is now 
iargeted to fly through this hole, so its 
reality should soon be confirmed. If the 
distribution of protons does, however, 
peak again close in to Jupiter then 
Pioneer 11 is unlikely to survive. 

But the most intriguing discovery 
mentioned at the RAS meeting concerns 
the bursts of relativistic electrons 
apparently ejected by Jupiter. These 
bursts were first detected by Pioneer 10 
half a year before encounter, and got 
bigger as the spacecraft approached tke 
planet. Clearly they are not solar 
particles, simce they come from the 
wrong direstion; the idea that they 
might represent interstellar particles 
leaking in to the Solar System from 
outside held some appeaf at one time, 
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but now it seems clear that they do 
originate from Jupiter. 

The crucial evidence is that once 
Pioneer 10 had made its dive through 


the Jovian magnetosphere it was 
possible to extrapolate back from 
observations of the roughly 10 h 


periodic variations produced by the 
rotation of the planet. This extrapola- 
tion showed that all the bursts seen on 
the way to Jupiter showed structure on 
a timescale of 10 h exactly in phase 
with the variations inside the Jovian 
magnetosphere. Clearly, unless Pioneer 
10 had travelled in a trajectory specially 
favoured for particle ejection (which 
seems most unlikely), Jupiter must be 
radiating waves of particles outwards 
over a wide range of latitudes. This is 
very disturbing for established theories 
which suggest that particles should be 
nicely contained in the equatorial plane, 
and shows how much remains to be 
discovered about Jupiter. At the same 
time, this source of non-solar particles 
provides an invaluable new tool for 
investigating propagation of particles 
in interplanetary space. With Pioneer 11 
still to make its (perhaps suicidal) close 
dive past Jupiter, it looks as if this will 
not be the last RAS meeting devoted 
exclusively to the giant of the Solar 
Svstem. 


East African 
grasses 


The second part of the Graminae 
section of the Flora o; Tropical East 
Africa (edit. by Clayton, Phillips and 
Renvoize; Crown Agents of Oversea 
Governments and Administrations, 
London, April 1974, £2.75) contains 
this drawing of Odyssea paucinervis 
which is found south of the Congo 
River on saline soils between 1,800 
and 1,900 m. 
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Ambiguous 
i ” 
gravity — 
= from Peter J. Smith 
< Geomagnetism Correspondent 
-o The chief difficulty in gravity interpre- 
tation is that gravity anomalities by 
themselves can never be used to deter- 
mine subsurface structure uniquely. 
There is always a very large, and in 
theory infinite, number of structural 
solutions consistent with any observed 
anomaly, although in practice the quan- 
tity of possible structures may often be 
reduced to more manageable propor- 
tions by a combination of common 
sense, experience of comparable en- 
vironments, and complementary geo- 
logical, geophysical or geochemical 
data. In the end, however, the decision 
-about the ‘most reasonable’ structure 
-model is likely to depend as much on 
the quality and amount of the support 
data as on the gravity anomaly itself. 
© Disagreements over the interpreta- 
tion of gravity are therefore common, 
especially where associated non-gravity 
data are poor; and this seems to be the 
situation in the Galapagos Islands. Last 
year, Case et al. (Science, 181, 1040; 
1973) reported that over the islands 
‘there is a residual negative anomaly of 
t least 80 mgal superimposed on a 
roader positive anomaly of unknown 
mplitude and extent; and they inter- 









































reted this in the light of geological 
evidence in terms of a low density 
‘subsurface region related to a hot spot 
‘or mantle plume. 
But those earth scientists (and there 
-are many) who do not believe in plumes 
‘may breathe again, for Watts and 
- Cochran (Science, 184, 808; 1974) have 
‘now come up with a model involving 
-simply downwarping of the lithosphere 
under the weight of the islands—an 
“alternative actually considered and not 
mntirely discounted by Case and his 
colleagues themselves. Watts and Coch- 
ran do not claim their structure is 
necessarily the right one, nor that a 
- plume does not necessarily underlie the 
Galapagos; their main point is to re- 
emphasise the inherent ambiguity of 
gravity data. Everybody agrees that the 
matter will not be resolved until other, 
perferably seismic, data become avail- 
able. 


- Hedgerow removal 
and bird life 

> from Peter D. Moore 

<: Plant Ecology Correspondent 

~ IN 1962 it was estimated that there were 
616,000 miles of hedges in Great 

Britain (Locke, Q. JI For., 56, 137; 

1962). This was calculated by Moore, 

-Hooper and Davis (J. appl. Ecol., 4, 

201; 1967) to represent an area of 



















448,000 acres, which was more than 
twice the area of the British National 


Nature Reserves of that time. It was 
further suggested in these reports that 
the number of breeding bird species in 
agricultural land was about twice as 
great in regions with hedges than in 
areas where hedges had been re- 
moved. Very naturally these authors 
regarded the extensive clearance of 
hedges in Britain as one of the principal 
detrimental events in land management 
in recent years and it had lead in 
particular to a reduction in the quantity 
and diversity of bird life in rural 
districts. 

These findings have been generally 
accepted, but Murton and Westwood 
(Br. Birds, 67, 41; 1974) now question 
their validity. These authors claim that 
the overall diversity of birds in a 200- 
acre sample area of agricultural land in 
Cambridgeshire has changed little, and 
may even have increased, since it was 
last censured in 1960-61. This is despite 
a reduction in hedgerows to one third 
of their former extent and the reclama- 
tion of half of the area then considered 
‘rough and waste’. These results are 
bound to cause confusion among con- 
servationists. 

One should first ask what is meant by 
diversity in this context. Murton and 
Westwood use an index of diversity 
devised by Fisher, Corbett and Williams 
(J. anim. Ecol., 12, 42; 1943) which is 
based on the assumption that the 
frequency distribution of species ranked 
according to the number of individuals 
by which they are represented, follows 
a logarithmic series. Although this 
frequency relationship has often been 
demonstrated in plant and animal com- 
munities, such theoretical indices can 
be misleading; an empirically derived 
diversity measure would have been pre- 
ferable (see Hurlbert, Ecology, 52, 577; 
1971). 

Whatever the relative merits of 
diversity indices, one is still faced with 
the fact that during the ten year period, 
the total number of species recorded in 
summer rose from 63 to 66 (although 
19 of these species had decreased in 
numerical abundance) and in winter fell 


from 65 to 59; in effect there was little | 


change in the total number of species 
recorded. Murton and Westwood 
account for this by considering the 
hedgerow to be a suboptimal habitat 
for most species which breed in them. 
Hedgerow removal therefore results in 
either a retreat of the species to optimal 
sites (such as woodland) or a modifica- 
tion in the bird’s breeding behaviour 
@blackbirds may nest among the 
stumps of the cleared hedgerow and 
along ditch banks). Less adaptable 
species such as the song, thrush may 
decrease, but ere often replaced by 
other species such as the reed bunting. 

These explanations are very accept- 



















able but they dos at the area 
sampled is not typical of” regions in 
which hedgerow clearance has been 
practised. It differs in the retention of 
woodland fragments, hedgerow stumps 
and ditches, all of which serve to man- 
tain diversity. Their conclusions cannot, 
therefore, be construed as general 
principles relating to the widespread 
effects of hedgerow removal. 





Lethal mutants 
in Drosophila 
development 


from Benjamin Lewin 

Molecular Genetics Correspondent 

Tue imaginal disks of Drosophila pro- 
vide one of the most promising systems 
for the genetic analyses of development 
and the recent isolation of many lethal 
mutants in disk development is there- 
fore an important step towards defining 
the components of the system. The 
disks are larval tissues which sub- 
sequently give rise to many of the adult 
tissues; they include wing, leg, antenna 
and eye disks. Each disk is thus de- 
termined to produce a particular adult 
structure, the differentiation of which 
is triggered on metamorphosis. The 
disks provide an interesting experi- 
mental system, for passage of disks 
through the abdomens of adult flies 
allows indefinite continued growth, 
without loss of the determined state 
(which can be tested by injected tissue 
into larvae and identifying the adult 
tissues formed from it after metamor- 
phosis). Transdetermination occasion- 
ally takes place, when the state of 
determination of tissue changes from 
one disk type to another; and homoeotic 
mutants exist in which certain disks 
give rise to adult structures usually 
formed from other disks. 

The independence of the programmes 
for larval and adult development in 
Drosophila is emphasised by the obser- . 
vation that mutants which prevent disk ~ 
development may be lethal to the adult 
but need not affect the larval stage at 
all. The characterisation of lethal 
mutants which affect all the disks is 
reported by Shearn and Garen in the 
April issue of the Proceedings of the 
National Academy of Sciences (71, 
1393-1397: 1974). The mutants fall into 
two classes: diskless mutants form no 
imaginal disks; whereas small disk 
mutants form some or all of the disks, 
but whichever are present are small, 
misshapen and cannot differentiate into | 
adult structures. $ 

Mutants were isolated by screening 
for lethals dying in late development 
after treatment with chemical mutagens. 
The 23 diskless and 34 small disk. 
mutants fall into 52 complementation. 
groups; 48 groups contained one 
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mutant, three contained two mutants 
each and one contained three small 
disk mutants. One of the groups with 
two mutants comprised two diskless 
phenotypes, one included two small 
disk types, and the third represented 
one of each phenotype. l 

Two types  of--developmental defi- 
ciency might influence all the disks: 
some feature of the larval environment 
essential for development of all disks 
might be lacking; or some autonomous 
function common to all disks might be 
defective. The first model can be tested 
by injecting disks of normal larvae into 
the diskless and small disk larvae to see 
whether normal growth is possible; the 
second model can be tested by injecting 
suspensions of cells from early embryos 
of the mutants into normal larval hosts 
to see whether adult structures derived 
from disks are present after meta- 
morphosis. 

Injection of cells from dickies early 
embryos into wild type hosts did not 
lead to development of any adult struc- 
tures when the diskless mutant was 
homozygous; such structures can, of 
course, be formed by cells from disk- 
less/+heterozygous embryos. Quite 
different results were obtained when 
cells were taken from small disk 
mutants—these could provide the com- 
plete range of adult structures specified 
by all disk types (whether the mutation 
was in homozygous or heterozygous 
state). 

When this experiment was carried 
out in reverse, wild type disks in- 

jected into diskless mutant larvae 
appeared to grow normally; although 
this experiment cannot, of course, be 
taken to the desirable conclusion of 
following the differentiation of wild 
type disks in diskless larvae, when the 
injected disks were retrieved before 
larval death and then reimplanted into 
normal larvae, they developed normally 
during metamorphosis. But in contrast, 
wild type disks cannot grow in one 
small disk host, although they do de- 
velop normally on subsequent. Injection 
into a normal larva; and in another 
small disk mutant host, some growth 
(although apparently abnormal) takes 
place, and the disk then loses its ability 
to develop normally upon subsequent 
implantation in a normal host. 

Small disk mutants therefore seem to 
possess competent imaginal disks at an 
early stage of embryogenesis, but the 
disks subsequently fail to — develop 
normally because the environment is in 
some way defective. The developmental 
potential of the disks seems to. be irre- 
trievably lost by the third instar stage 
which immediately precedes metamor- 
_phosis. (But the phenotype of the small 
disk class seems to cover some hetero- 
geneity; for example, the small disk and 

one diskless mutant behaves as a disk- 
less host when wild type disks are 
















injected into its larvae.) The diskless 
mutants seem to represent a different 
type of defect; some function involved 
in the (autonomous) development of all 
disks must be mutant. 

The selective system used to isolate 
these mutants applied only to the third 
chromosome; by applying a Poission 
distribution to the number of comple- 
mentation groups with one and two 
members, Shearn and Garen inferred 
that there may be almost 400 further 


(at present unidentified) groups on this 


chromosome. This would imply that the 
genome of Drosophila in toto may 
possess about 1,000 complementation 
groups implicated in disk development 
-~-about one fifth of the total estimated 
number of complementation groups. 
Although the sample of isolated mutants 
is not large enough to make this an 
accurate estimate, it clearly implies that 
a large proportion of the genes of 
Drosophila may be concerned with the 
evelopment of imaginal disks, an im- 
portant conclusion. Isolation and map- 
ping of further mutants may therefore 
be profitable. 

Most important, of course, will be 
experiments to implicate particular 
genes in defined pathways of disk de- 
velopment. And in addition to the many 
autonomous functions common to all 
disks, revealed by the diskless mutant 
class, there must be gene functions 
specific for each state of determination. 
Mutants defective in development of an 
individual disk type would therefore be 
useful, although difficult to obtain. And 
increasing success with genetic analysis 
must in turn emphasise the need for 
biochemical analyses of the disk system, 
a problem which at present looks 
difficult to overcome. 


Transfer of excited 
alpha particles 


from Peter E. Hodgson 
Nuclear Theory Correspondent 


Many studies are now being made of 
the reactions in which an a particle is 
transferred from one nucleus to 
another, and these are providing im- 
portant new information on nuclear 
structure. Some recent work by 
Charlton and Robson (Phys. Rev. Lett., 
32, 946; 1974) has now provided 
evidence to suggest that the a particles 
can sometimes be transferred in an 
excited state and not only in its ground 
state as was previously assumed. 
They analysed the differential cross 
section for the S (6O, 2C) *Ar re- 
action obtained by Braun-Munzinger 
and colleagues in Heidelberg (Phys. 
Rev. Lett., 31, 1423; 1973). Some of 
these resulfs are shown in the figure 
and it is notable that the cross section 
has a strongly oscillatory structure, 
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section for the 
reaction “S CO, “Cy “Ar ar 30 MeV 
to the ground state of the residual 
nucleus compared with distorted w ve 
calculations assuming the tran a 
particle to be in its ground {= - 
in its excited 2+ state at 28. 
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numbers on the curves are the i] 

troscopic factors obtained by nor 

malising the calculated curves to {he 
experimental data. 


The cross sections for a-transfer re- 
actions between nuclei can now- pe 
calculated quite well by the finite 
range distorted-wave theory, prov 
the recoil effects are taken ix 
account. Such calculations were y 
and gave a rather structureless 
bution with a broad peak at about 4 
as shown by the dashed line in t 
figure. This is in accord with së 
classical calculations, which. give. | 
shaped curve centred at an angle cor- 
responding to the kae oÈ 








nuclear surface. This behaviši f 
completely different from that fou 
experimentally. 

Further calculations were then m xi 
taking into account the possibility that 
the œa particle is transferred in an 
excited state. The 0° level at 20.2 MeV 
and the 2* level at 28.5 MeV weri a 
sidered, as these satisfy the re 
parity and isospin selectic 
Estimates using har monic. a 
wavefunctions indicated. 4 t 




















Rae was oaair d. 

The excited states of the a particle 
were assumed to. be made up of 
of like nucleons with the smalle 
sible internal motion, and the qua 
numbers for the relative motions of 
the pairs give the required total spin: 












n the dissociation "Ar > ` 
the four valence nucleons wer 
to be in the Ods. orbit and the prob- 
ability of the æ particle being in an 
excited state was estimated using both 
the stretch scheme and the simple pair- 
ing model. Both calculations indicated 
that the a particle is more likely to be 
found in an excited state. The corres- 
ponding spectroscopic factors indicate 
that the transfer of an a particle in its 
2* state is about five times more likely 
than the transfer in its ground state 

for the reaction considered. 
The distorted-wave calculations for 
- excited a-particle transfer were carried 
e out in the standard way and used 
absorbing potentials depending on the 
~~ orbital angular momentum in the way 
required by analyses of the elastic 
- scattering of heavy ions by nuclei. The 
results are shown by the full line in 
the figure, and agree very well with 
the experimental data. Similar results 
are found for the correspon ding re- 
action to the lowest 2* state of “Ar. 
“This is clearly a significant result 
that will stimulate many more investi- 
gations. In principle, the ground and 
all the excited states of the æ particle 
should be added coherently to give the 
_ distorted-wave amplitude. More de- 
tailed analyses of similar reactions on 
other nuclei should provide further 
< evidence of excited a transfer but the 
results of Charlton and Robson pro- 
< vide good evidence that such processes 

~~ can take place. 








_ Synchrotron 
radiation users meet 
- from G. V. Marr 


THE electromagnetic radiation emitted 
_ from high energy electron synchrotrons, 
as a consequence of radially accelerat- 
ing the electrons, is now well estab- 
fished as a means of studying the 
= jnteraction of ultraviolet and X 
radiation with matter in its various 
forms. The first international sym- 

- posium for synchrotron radiation users 
“was held at the Daresbury Laboratory 

in January 1973 (see Nature phys. Sci., 
242, 1; 1973) following the move 
of United Kingdom users from the 
Glasgow synchrotron to NINA in 
1972. During the past year, demand 
for synchrotron radiation has increased 
and the conference held at the 
University of Reading from April 1 
to 2, under the auspices of the spec- 
troscopy group of the Institute of 





Physics, provided a means whereby 
the UK users could discuss the re- 


< levance of this source. The contribu- 
tions covered present and future 
synchrotron radiation sources, applica- 
tions to atomic, mojecular, cherhical 































radiometry. The conference concluded 
with an open meeting with Science 
Research Council representatives to 
discuss the SRC paper “A Plan for 
Future Research with Synchrotron 
Radiation based on a Dedicated Stor- 
age Ring”. 

The main energy loss from the 
electron synchrotron is in the form of 
electromagnetic radiation whose spec- 
trum extends continuously from the 
infrared to the X-ray region. It pro- 
vides an intense source of high energy 
photons, predominantly polarised in 
the plane of the electron orbit and, 
because of the bunching of the 
electrons, pulsed at the accelerator 
radio frequencies. The radiation is 
emitted under good vacuum condi- 
tions and with divergences from the 
orbit plane comparable with a laser 
beam (see Endeavour, 33 (119) 55-66, 
May 1974). 

Facts and figures for existing syn- 
chrotron sources were provided by 
L H. Munro (Daresbury and Univer- 
sity of Manchester) who outlined 
criteria for the ideal synchrotron 
source based on design work for the 
dedicated electron storage ring now 
under consideration by the Science 
Research Council. Progress with exist- 
ing synchrotrons in atomic and mole- 
cular physics was introduced by K. 
Codling (University of Reading). In 
addition to energy level analysis, 
accurate absolute cross-sectional data 
are being provided on photoionisation 
processes and new experiments which 
allow photo-electron analysis to be 
carried out with respect to the E vector 
of the ionising radiation are now in 
progress. Continuous variation of the 
photon energy is providing data which 
will extend knowledge of configura- 
tion interaction, molecular orbitals and 
vibronic coupling; a point which was 
taken up by S. Leach (University of 
Paris, Orsay) in his review of applica- 
tions in chemical physics where ex- 
cited state relaxation processes in 
molecules and solids can benefit from 
lifetime studies using the modulated 
nature of the ultraviolet radiation of 
the synchrotron. 

In the field of solid state physics, 
A. J. Forty (University of Warwick) re- 
ported experiments on absorption and 
reflectivity measurements which are 
contributing significantly to knowledge 
of band structures. Photoemission from 
3 surfaces is also providing new possi- 
bilities in metallurgy. D. A. Urtch 
{Queen Mary College, London) said 
that chemists on the other hand were 
exploring the possible euse of syn- 
chrotron radiation to study the atomic 
components of molecular orbitals by 
way of X-ray emission spectroscopy. 
The new rihg would allow an exten- 













and solid state physics, biological 
studies, chemistry, X-ray optics and 
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of the 
radiation offers a valuable. new tool 
in studies of single crystal structures 
throughout the ultraviolet and X-ray 
regions. Of more immediate interest 
to molecular biologists, however, are 
the intensities of some 10-10° over 
conventional continuum X-ray sources 
that could become available. J. C. 
Hazelgrove (Medical Research Coun- 
cil, Cambridge) discussed advantages 
of these radiations in studies of tran- 
sient states where it is important to 
have detailed short exposure X-ray 
diffraction pictures of specimens. whose 
decay under normal sources alters 
vital characteristics during the time 
of exposure. 

On the instrumental side, P. J. Key 
(National Physical Laboratory) said 
that the synchrotron, as a standard of 
relative spectral distribution through- 
out the near ultraviolet to the X-ray 
region, is becoming well established 
and radiometry problems are being 
studied. A discussion on X-ray optics 
introduced by M. Hart (University of 
Bristol) showed that fluxes some 10° 
greater than obtainable with conven- 
tional sources can be expected when 
the polarised nature of the syn- 
chrotron radiation is exploited. Quar- 
ter wave plates, crystal spectrometers 
and the development of X-ray diffrac- 
tion gratings were also discussed. 

In spite of the progress made and 
the enthusiasm of the users, it was 
evident that NINA and the other syn- 
chrotrons, where the users are parasitic 
to the experiments of the high energy 
nuclear physicists, are not ideal 
sources, The parasitic mode of opera- 
tion is extremely inefficient where 
users are unable to control the quality 
and duration of the synchrotron beam. 
The SRC plan would seem to meet the 
foreseeable needs of the Reading con- 
ference and it was with this in mind 
that they attended the SRC meeting. » 
Quite properly questions were asked 
relating to costs, location and long 
term usefulness of the proposed stor- 
age ring. The scientists present were 
particularly concerned that delays at 
this stage could result in the United 
Kingdom being without a source of 
synchrotron radiation if present plans 
concerning NINA are adhered to. A 
preliminary estimate of between 12 and 
18 months for the level of funding in 
the SRC document was given at the 
meeting. It was agreed that there is 
every need to impress upon the SRC a. 
sense of urgency in proceeding with the- 
plan beyond the design stage, in order 
to ensure that the period between the 
close down of NINA as a synchrotron 


source and the start up of the new 


storage ring is kept to an absolute 
minimum. T 
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Midwinter sunrise at Newgrange 


J. Patrick 





At Newgrange on the morning of the winter solstice the Sun's 
rays Shine through a specially contrived slit in the roof, along 
a 19 m passage to illuminate the central burial chamber. This 
passage grave was built about 1,000 yr earlier than the third 
phase of Stonehenge, by a different culture. It supports the 
claim that prehistoric cultures had studied the cycles of the 
Sun and utilised them in orientating their monuments. 


ee 


NEWGRANGE is a passage grave in a Neolithic cemetery in 
County Meath, Ireland, about 30 miles NNW of Dublin 
(0 301 703). Two large samples of charcoal which were collected 
from caulking in between the roof Slabs, yielded dates of 
2475 +45 b.c. and 2465-40 b.c. respectively. Depending upon 
which correction curve is used, this gives an age of 3100+-100 Bc 
for the building of the tomb. It consists of a huge, artificially 
constructed cairn of water-rolled stones, which is approximately 
80 m in diameter. A passage, 19 m long, runs into the mound 
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to give access to a large chamber about 3 m square and 6 m high. 
There are three recesses that open into the chamber. so that the 
ground plan has a cruciform appearance (Fig. 1). In each of 
these recesses is a large stone basin which was used to hold the 
burnt remains of the interred occupants. 


Carvings 
The tomb has been open to visitors since 1699 and an unknown 
amount of the original burial deposit may have been removed 
since then. In 1967 excavation of the tomb floor in front of the 
basin stones revealed the burnt bone fragments of about five 
people. These were accompanied by some grave goods charac- 
teristic of this type of tomb in Ireland, including stone pendants 
and beads, stone ‘marbles’ and bone points. 

At the base of the mound is a continuous kerb of large slabs. 
It is believed that dry-stone walling was built on top of the kerb 
to a height of 3 m and that this wall was made of quartz for 
about 30 m on each side of the entrance. The sun on the 
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Fig. 1 The passage-grave at Newgrange, County Meath. A, Sectional eleVation: a, roof box; b, roof slab 1; c, roof slab 3; d, decorated slabs ; 
e, boulder cap. B, Plan view: wall orthostat stones are numbered; black shaging, decorated orthostats; grey shading, range of path of Sun's 
rays during mid-winter solstice. (From refe 1.) ° 





Fig. 2 The decorated Entrance Stone in front of the burial 
chamber. The roof box can be seen, surmounted by the lozenge 
relief carving. (Green Studio.) 


glistening white quartz w ould have presented a spectacular sight 
from the surrounding countryside. Most of this wall collapsed 
soon after completion of the monument, and the kerb stones 
became completely buried and remained hidden until uncovered 
again at the start of this century. Outside the kerb, there are 
|2 large standing stones that may form part of a circle, but their 
true relationship with the mound is not known for certain. They 
may be older than the passage-grave. 

One of the most outstanding features of Newgrange is the 
decoration on the stones. The Entrance Stone, set in front of 
the passage, is regarded as one of the most impressive pieces of 
Megalithic art in Europe (Fig. 2). The artist who executed this 
piece of work has succeeded in using the shape of the stone to 
the utmost advantage in creating its aesthetic appeal. Another 
small but remarkable design is the three-spiral figure in the rear 
recess (Fig. 3). There are many other decorations within the 
passage and chamber, and on the kerbstones, virtually making 
Newgrange a Megalithic art gallery. 


Astronomical alignment 

Perhaps the most interesting feature of Newgrange is the ‘roof 
box’. Dry stone walling has been constructed on top of the 
passage orthostats to support the second roofslabata higher level 





Fig. 3 The three-spiral figure in the rear recess of the chamber. 
(Green Studio.f a 
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than the first, leaving a gap about 20-25 cm high and 1 m wide 
(Figs 1 and 2). The gap is protected from the weather by a 
box like structure of slabs supported on dry walls. This is open 
to the front. For further protection against the weather, the 
rear edge of the first roof slab and the front edge of the second 
roof slab have water channels cut on them. The leading edge 
of the uppermost roof slab of the roof box has an excellent 
relief carving of lozenges (Fig. 2). 

During the winter solstice in 1969 Professor M. O'Kelly 
observed that 4 min after sunrise the Sun’s rays shone through 
the roof box, along the passage, and up to the rear recess of the 
burial chamber. which became fully illuminated (Fig. 4). The 
spectacle lasted for 17 min before the sun moved out of align- 
ment. Later, Mrs O'Kelly recalled a tradition that at a certain 
time of the year the sun lit up the three-spiral figure in the end 
of the chamber’. 

In 1972 Professor O’Kelly asked me to make an accurate 
survey of the roof box to see if this phenomenon w ould have 
occurred when the burial chamber was first built. The passage 





Fig. 4 Sunlight shining through the roof slit during mid-winter 
solstice. (M. J. O'Kelly.) 


is in the form of two curves (Fig. 1), so that for a ray of light 
to travel directly from the roof box to the back wall of the rear 
recess it must be in the azimuth range 133° 42’-138° 24’. The 
elevation of the distant horizon (0° 51’) is the minimum elevation 
of which the Sun’s direct rays can enter the slit. The floor of the 
chamber is about 15 cm lower than the roof box, so at the 
minimum elevation sunlight will extend across the floor and 
into the rear recess. Light rays will not enter the chamber when 
the elevation exceeds about 1° 40’. This range of azimuths and 
elevations, reliable to about 15’ and $ respectively means that 
the Sun’s rays will shine directly into the chamber if its declina- 
tion lies between — 22° 58’ and — 25° 53’. It therefore seems that 
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has shone down the passage to the chamber ever since 
the date of its construction and will probably continue to do so 

__ for ever, regardless of secular changes in the obliquity of the 
ecliptic, It also means that the spectacle occurs for a number 
of days before and after the winter solstice. 

Unfortunately, the v: aries of time have had their effect on 
the passage and some of the stones are now leaning inwards, 
thus trimming down the width of the beam of light. At the time 
of construction ti m would have been about 40 cm wide 
_ whereas now it is only 17 cm. The two principal orthostats 
causing the obstruction are L18 and L20 (Fig. 1). The first 10 
rthostats er side of the passage have been straightened 
y of straightening the rest without dismantling 













d tombs in Scotland and Brittany, but to my know- 
e of them has a roof box like that at Newgrange. 
tructure is unique, and as the whole monument is so 








ose, it seems likely that its orientation is deliberate. 
onument best known for its astronomical orientations 
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The genes for at least two Escherichia coli RNA poly- 
merase subunits are contained in a single operon. 








Tue DNA-dependent RNA polymerase is a key enzyme in 
expression of the hereditary material. In E. coli it consists 
of at least four different subunits «, 8, 8’, ando. The struct- 
ural gene for the £ subunit (rif) has been precisely located 
on the genetic map because mutations conferring resist- 
ance to the antibiotic rifampicin also result in the sythesis 
of RNA polymerase molecules altered in this polypeptide’. 
Here we present evidence based on deletion studies, indi- 
cating that the structural gene for at least one other subunit, 
B’, is linked to the rif gene, and that both share a common 
promoter (P). These elements map clockwise on the bacterial 
chromosome in the order P-rif—8’. Thus our results provide 
a clear genetic basis for the suggestion made by Matzura, 
Molin and Maaloe that 8 and Ø may be synthesised on a 
single polycistronic mRNA?. In addition, they show that the 
structural genes and the promoter for this mRNA map 
clockwise on the bacterial chromosome, in the order 
P~-rif-8. : 

Because and deletion affecting RNA polymerase would be 
lethal in haploid cells’, we have constructed strains partially 
diploid for the rif region of the chromosome by introducing 
into the.cell an F factor which carries extensive amounts 
of chromosomal DNA on both ‘Sides of this locus (Fig. 1). 
Thus deletions into rif do not affect cell viability, Moreover 
we have chosen to isolate such deletions on the F’ factor, 
because they can easily be characterised by transferring the 
episome into a variety of appropriately marked strains. To 
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was remodelled several times, and 
orientated structures were erected 
dated at around 1800-2000 ac. TI 
the construction of Newgrange, a 
between the two monuments or. 
built them. The unambiguous defini 
altitude at Newgrange is by far the 
that some Megalithic structures were 
astronomical phenomena. This must le 
the theory that different cultures in the British — 
investigating the basic solar cycles. It is quite possible : 
passed between different cultures, so that Stonehenge evi 
became an important repository of astronomical knowle< 

I would like to thank Professor and Mrs O'Kelly for th 
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obtain information about the structure and orient 
the operon, we have isolated a specific episomal _ 
ending within the rif gene, and which extends lef wa 
the nearby argCBH operon (Fig. 1). This deletion 
has removed all the DNA immediately to th left 
has nevertheless left the &’ gene carried by. ihe | 
pletely intact. This result is expected if the F ger 
adjacent to rif and located to its right. ` More 
deletion also places the synthesis of the &’ subani ; 
the control of the argCBH operon. Since areCBH is yi 
a clockwise fashion*, we conclude that the £ and 2° gi 
are both read in that direction. 








Isolation of deletions into rif 


We have developed a simple method for s 
mutations on an F’ factor which simultans 
rif gene and its neighbour, bfe (ref. 5); m 
loci confer resistance to antibiotic rifampicin and if 
lent bactriophage BF23 respectivly. Mutations 
ance in either gene are normally recessive to the w 
allele (ref. 3 and L.E. and J.GS. unpublished). T 
partial heterodiptoid of the bfe” rif'/F bje ri 
to both BF23 and rifampicin. Mutants w 
activating the wild-type bfe and rif genes ci 
will, however, become resistant to both BE 
biotic since the only intact bfe and rif gi 
the cell are those conferring resistance. W 
readily select for such rare mutants by pls 
partial heterodiploid om solid medium containing rifanins 










Genotype 


| | Source/reference 
F~ metB arg (C-B) supro purD his str’ spe’ gal mal lac A. Silverstone 
F~ metB recAS6 | S. Austin 
HTA]I F~ his~trpA9761 (amber) argE171 S. Baumberg 
HTAI9 F~ his~ trpA9761 (amber) argB2 S. Baumberg 
LE104 mei B arg (C-B) supyo,purD rifh, bfe’ recA5S6 See below 
str-r lac gal 
LE109 metB arg 4 (C-B) supieapurD rif, bfe! recAS6 str Text 
lac gal malA/KLF1O 418 
LE113 met B recAS6/KLF10* LE104 x AWI 
LE114 met B recA56/K.LF10 418 LEIO9 x AW! 
LEIS mei B recA56 argR A spontaneous can’ derivative of AW 1 
LE116 metB recA56 areR/KLF10* LE104 x LEII5 
LEII7 met B recA36 argR/KLF10 418 LE109 x LE1I5 
LE210 F* ara (amber) lacy 12.5 (amber) galKy,, (amber) trp (amber) Derived from MB204 (ref. 17) 
str" met B Sulli TA2(P) rif®ampiA* 
LE213 F- ara (amber) lacis (amber) galK U42 (amber) trp (amber) Derived from MB204 (ref. 17) 
str’ met B Sull TA2(P}* rif ’smunjad* 
MN8A Hfr P4X metB argB2 X* S. Baumberg 
P4X C33 Hfr P4X argC53,* S. Baumberg 


sammie nem meee em semn annem AAAA AAN RTL SIT STS TOTTI Tne 


The genotypes of our bacterial strains are shown in Table 1. The strain LE104 was specially constructed for our deletion selection. It was made 
from AB2147 ilv argH metB thi his lacY gal xyl malA tna str‘ (Wechsler, personal communication). In a series of steps the following markers 
were introduced into AB2147 (Silverstone and Errington, unpublished): purD (cross against a purD derivative of Hfr AB311 (ref. 18); 
Sare(C~B)supiog (cross against Hfr P4X sup102 (ref. 6); rif-r (spontaneous mutation); recA56 (cross against Hfr KL16 recA 56 (ref. 19); bfe-r 
(spontaneous mutation); KLF10* (cross against AW2). 
* The pattern of ara and lac suppression in this strain is slightly different from that seen in LE210. However its suppressor is still temperature 
sensitive, since the strain does not grow on nutrient plates at 42° C. 





spread with phage BF23 (Table 2). 

The starting strain, LE104 (Table 1), carries the KLF10 
episome which spans the argCBH-metB-rif-purD region of 
the chromosome (Fig. 1). The strain is Rec™ to prevent re- 
combination between the episome and the chromosome and, 
to ensure that the cells retain the KLF10, the chromosome 
contains mutations in both metB and purD. We can also 
< determine whether the bfe-rif deletions extend into the 
- nearby argCBH operon, because the chromosome of this 
strain carries an Arg” mutation (sup102)°; deletions ter- 
minating before argCBH leave the cells Arg’, whereas 
deletions extending into the arg operon will make the cells 
Arg”. 

We have found that mutants having the desired Bfe" Rif" 


phenotype arise spontaneously at a frequency of about 
3 x 10°. The following observations show that these 
mutants are due to deletions on the F’ factor (Table 2). 
First, many of them (63%) are Arg~ and have therefore 
lost, in addition to bfe and rif, one or more of the arg genes 
from the episome. Moreover, these Arg~ mutants do not 
revert to Arg* (<10-'). Secondly, crosses in which the 
mutant F’ factors are transferred to recipients carrying 
mutations in argE, C and B generate a deletion map (Table 
2) congruent with the known map of the arg operon. Three 
of the deletions, 47, 12 and 18, enable us to order two 
amber rif’ mutations, rifamme and = rifamttts, which 
affect the 8 subunit of RNA polymerase (ref. 7 and R.S.H., 
S. J. Austin, and J. G. S., unpublished), 





Table 2 Isolation and characterisation of bfe-rif deletions 


Wild-type recombinants formed in crosses against recipients containing: 


Deletion Frequency* 
on KLF10 metB argE171 argeC53 argB2 argH119 rif iie rif’ purD 
A4 l + “a ~ — — < 0.001 <0.01 a 
A7 i + _ — — = < 0.001 0.03 ae 
A12, Al8 2 + + — == < 9.001 0.20 + 
li 4- +t +t -+t nt nt nt + 
Partially 12 + = nt nt — nt nt + 
characterised 3 = < Ra aa a nt nt + 
Wild type + F T A F + 100 100 + 





Isolation of deletions affecting rif and bfe. Cultures (5 ml) of LE104 (Table 1), grown overnight in minimal salts” containing glucose (0.2%) 
thiamin (10 pg mi) and arginine (20 ug mi"), were mixed with the virulent phage BF23 (multiplicity of infection = 10) and shaken at 37° C 
(3 h). They were then concentrated to 0.3 ml by centrifugation and spread in soft agar (2.5 ml) containing 10" p.f.u. of BF23 on three minimal 
agar plates containing arginine (20 ug mi“), thiamin (10 pg ml) and glucose. After 4 h at 37° C each plate was overlaid with soft agar (3 ml) 
containing rifampicin (1.2 mg ml}, giving a final concentration in the plate of 100 pg ml. The plates were incubated at 37° C for 2 d. 
Characterisation of deletions. Each mutant carrying a deletion on KLF10 was mated against appropriately marked recipient strains by cross- 
streaking on selective medium’. Some combinations were not tried (nt). 

Crosses against Arg~ recipients. The genotypes of the recipient strains, HTAI, P4XC53, MN8A and HTAI9 are listed in Table 1. Deletion 
strains able to give Arg* recombinants (++) give confluent growth in the cross streak. Those unable to give recombinants (—) show no growth 
at all. Note that both argC53 and argB2 are in Hfr strains which only permit the recovery of chromosomal recombinants”. 

Crosses against rif° mutants. Each donor was crossed against rif? recipients (LE210, 213, Table 1) containing a temperature-sensitive amber 


suppressor Sulli (AXP). Met* derivatives contgining each mutant KLF10 were recovered at the permissive temperature (30° C) on selective ` 


medium. They were then tested for the ability to generate rift recombinants able to grow at the restrictive temperature (42° C): In this table 
we show the percentage of tst cells in a colony of each derivative. Control colonies of the recipient rif°amiy/, (LE213) and rif°ampi, (LE210) 
gave no more than 0.001 % and 0.01 % tst revertants respectively. LR 
Crosses against a met B purD recipient. Our initial selection required that our deleted KLF10 factors retain met B and purD (see text). That they 
do retain these markers was confirmed in crosses against AS 13 mg B purD. 

* Number found in a total of 30 mutants recovered from a single culture of LE104. 

+ Deduced from the Argt phenotype af the pareztal deletion strains in this class. 
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Ope ron containing the rif and &‘ genes 

One of the mutants selected from LE104 (Table 1), can give 
_Arg* recombinants on transfer of the F factors to argC53, 

but not argB2, recipients (Table 2). Consequently its dele- 

tion, 418, must have one end in the argC-B region of the 


episome. The other is between rif’amp and rifam 
(Table 2). If the Æ gene lies just to the right of rif, A18 
should inactivate rif but still leave the £’ gene intact. Cells 
containing KLFIO418 would thus be expected to have two 
. copies of the gene for 8 and only one for 8 (located on the 
< chromosome). 
~ We assay the 8 and 8 subunits of RNA polymerase by 
electrophoresis of pulse-labeled, whole cell lysates on poly- 
acrylamide gels containing sodium dodecyl sulphate, which 
1¢ large 8 and 8 subunits from other cell proteins 
-We have studied a number of KLF10A 18 diploids 
vay. Their behaviour (see below) shows that 
KLF 1018 still determines @’ subunit synthesis, and im- 
plies that the £ gene lies just to the right of rif. 

Evidence has previously been obtained suggesting that 
the 8 supunit is synthesised before the Æ subunit’. Thus, 
if rif lies just to the left of the 6 gene, both could be in 
a single operon read left to right (clockwise) on the chromo- 
“some (Fig. 1). This conclusion leads us to predict that a 
| nonpolar deletion which begins in the argCBH operon and 
ends in the rif gene should place the synthesis of A’ 
under the control of argCBH, which is read clockwise’. 
Expression of the arg genes is subject to negative control 
requiring at least arginine (or a derivative) and the product 
of the argR repressor gene’. When bacteria are grown 
in the presence of arginine their argCBH operon is fully 
repressed, but in its absence, the operon becomes induced 
and the genes in the pathway are expressed at a (ten-fold) 
higher rate. Still higher rates of arg expression (100-fold) 
result when cells are prevented from synthesising functional 
arg repressor by mutations in argR. In many argR mutants 
expression of the operon proceeds at the full constitutive 
level, unaffected by the presence of arginine in the growth 
medium’. 
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Fig. i The metB-purD segment of the E. coli chromosome. 






he figure shows the markers used in our genetic analysis, 

the wik ype KLF10 (omitting sex factor DNA) and the 

bfe-rif deletions isolated on this F factor. The arrows at 

the top of the figure indicate the direction of gene trans- 

cription and the numbers in brackets refer to the position 
of genes (in minutes) on the E, coli map” 


In strains carrying KLFIOA18 we are able to detect 
changes in the overall rate of & synthesis due to arg of 
the B’ gene carried by the episome. We find that an 
_arginine-repressed KLFIOA 18 diploid (Table 3, line 4) 
synthesises nor more 8 than a normal haploid strain” and 
markedly less than a control KLF10 diploid (Table 3, 
line a In addition, the KLFIOA 18 diploid synthesises 


operon to the middle of the rif gene, whi 



































significantly more f&’ when grown in the- 
arginine, although the rate of synthesis of / 
unaltered (Table 3, line 2). An isogenic oo 
carrying wild-type KLF10 synthesises £ and 
not affected by the presence of a 
and 2). More dramatically, we fir 
lines 4 and 6) that the Specie 





effect on the aiaei of orae tra 
of the arg enzymes (T. Bretscher and 5. 
sonal communication) | 

Measurement of the amount of /’ synthesised 
KLFIOAI8 argR diploid enables us to e 
efficiency of the argCBH promoter, if 


fo we 





0.4 


© 
a 


a Total protein 
= 
ho 


0.1 


Slice No. (0.5mm} 


Fig. 2 Gel analysis of *H-labelled protein in crude- 
of argR* (LE114) and argR~ (LEI17) strains 
KLFIO A 18. Both lysates were prepared from i 
cultures grown in excess arginine (100 eg mi’) a 
with marker polymerase on separate SDS- polyac 
gels (Table 1). Only the top of each gel is shown, 
from the argR* and argR~ lysates are shown b 
and solid lines respectively. The limits of th 
and 8 can of the marker polymerase a 
the arrows. % Total protein =@H per si 

“protein applied per gel) x 100. 


that A18 is not polar. We ascribe 0.95 (41 
total leucine incorporation (pulse label) 
trolled 8’ synthesis (Table 3, lines 4 an 
leucine in the #’ subunit (molecular weight, | D 
the same as that for total E. coli protein”. Th 
that a single cell contains 3.3xX10°" g of pii 
calculate that the ergCBH promoter is set to. 
7X 10°-15 10° protein molecules per cell. A ¢ 





level of expression has ben reported 
operon”. 

















We have characterised a deletion fusi ng the sg 





of the 6’ subunit under arginine control. | 
that a gene defermining synthesis of the 
the right of if. This gene, which is r 
presumably the structural gene for the. 
episome-coded B synthesis we can dete: 
diploids is entirely under arginine co’ 
A18 has therefore removed the normai 
synthesis without affecting the DNA seq! 
anti the £ gene. Consent the promot 





“Fable 3 Synthesis of the B and B’ subunits of "RNA polymerase in KLF10 diploids i 


Strain No. argR KLF10 Arginine 3H in B’ subunit Pt 4H in B subunit PT 


allele in culture (°% total (% in total 
(ug ml-!) labelled protein)* labelled protein)* 

1 LEIL +- wild-type None 0.59 (+ 0.05) * 0.63 (+ 0.13) 5 
2 LEI3 4 wild-type 100 0.68 (+ 0.06) = 0.69 (+ 0.09) 
3 LEHM -}- Al8 None 0.51 (+ 0.08) <0.02 0.44 (+: 0.13) l 
4 LEII + Al8 100 0.37 (+ 0.06) | Ve 9.45 (4 0.11) i 
5 LEIL16 = wild-type 100 0.57 (+ 0.05) 0.84 (+ 0.06) 
6 LEII7 — A18 100 1.32 (+ 0.28) 0.56 (+ 0.06) 


*Data in lines 1-4 represent the means of four lysates, those in lines 5 and 6 are means of two lysates. The standard errors of these means 
are shown in bracket.s | 

+P values indicate the significance of the difference between cultures grown in the presence and absence of arginine computed by the method 
of paired comparisons*’; ns indicates the difference was not significant. 
hia strains used in these experiments are isogenic (Table 1), They were grown in M9 medium? without methionine to guard against episome 
Oss. 

_ Preparation of labelled cell lysates. Young M9-minimal cultures (5 x 10 ml~}) were pulse labelled for 1.5 min with 4, 5 *=H—leucine, chased with 
-cold leucine for 2 min and lysed as previously described**. We used minimal medium containing 100 pg ml ~ arginine to grow cultures repressed 
<- for the arginine biosynthetic enzymes. . 

> 7 SDS polyacrylamide gel electrophoresis. We used the buffer system of King and Lemmli®. The separating gel (60 mm) had 16° acrylamide, 
0.094% NN’-methylene bisacrylamide (Bis), 0.025% ammonium persulphate and 0.025% (v/v), N, N, N’, N’-tetramethylethylene diamine 
oo (TEMED),; the stacking-gel (10 mm) had 2.5% acrylamide, 0.6% Bis and 0.1 ° (viv) TEMED. It was either chemically polymerised with 
<> 9,0167°4) ammonium persulphate or photopolymerised with 0.0005 % riboflavin. Each lysate sample (25 or 50 pl), reheated at 75° C for 5 min, 
was applied to the gel with bromophenol blue (final concentration 0.0002°%) and marker RNA polymerase previously incubated in sample 
buffer**. Samples were stacked at a constant current of 0.375 m per gel at room temperature for approximately 3 h and electrophoresis was 
continued for a further 21 h at 1.1 m per gel. Gels were stained with 0.1 °% Coomassie Brilliant Blue R250 in methanol:acetic acid:H O (5:1:5) 
at 37 “for 2 h and destained in 7°% acetic acid/5™% methanol at 37° C O/N. The 8, B region was sliced (0.5 mm) and placed in firmly capped 
scintillation vials containing 2 ml of Petri’s permeabilising scintillation fuid” and POPOP (0.1 mg? ml). The vials were incubated in the dark 
> (8 h) at 37° C. The precooled samples were counted for °H in a Packard liquid scintillation counter. All labelled material was eluted and the 
< efficiency of counting was constant and reproducible. Counts were computed as a percentage of the total protein determined by counting aliquots 
of whole lysate under identical conditions. This method of total protein estimation gave the same results as the method of Hayward et al.+°. 
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A positive factor enhancing the expression of this operon 
binds at the promoter, but exerts its efject downstream 
on a DNA region which acts as an attenuator of tran- 


scription. 








` The histidine operon of Salmonella typhimurium consists 
of nine structural genes, transcribed into a polycistronic 
mRNA‘ (Fig. 1). There are five unlinked regulatory genes: 
hisR, S, T, U and W. Products of these genes are thought 
to be required for the biosynthesis of a His-tRNA species 
involved in repression as a corepressor? No gene coding 
for an aporepressor has been found. 

Although most investigators have regarded the histidine 
operon as a model for negative control, some data 
Suggestive of positive control have appeared recently®. All 
regulatory mutations tested, including AisR, S, and T, and 
promoter-operator mutants appear to carry transcriptional 
regulatory defects, suggesting that the major control 
mechanism of the his operon is at the level of transcription 
(unpublished data of myself and P. E. Hartman). Here I 
report evidence of a positive regulatory mechanism required 
for transcription of the Ais operon and indicate the possible 
general importance of such positive control mechanisms. 


Transcription of wild-type operon 

High frequency transducing phage (p80 A ™™dhis*) carry- 
ing the S. typhimurium histidine operon was isolated by 
Voll’. The regulatory behaviour of a lysogenic strain 
indicates that the phage retains the intact regulatory segment 
(G: R. Smith, B. Tong and B. N. Ames, unpublished results) 
as well as all the structural genes of histidine biosynthesis 
(Fig. 2a). 

Phage DNA containing the wild type histidine operon was 
transcribed by purified E. coli RNA polymerase holoenzyme 
and the product was fractionated through successive 
hybridisation steps. After the first-step hybridisation to 
nontransducing phage DNA (Fig. 22), 60-80% of the 
remaining “H-mRNA had originated from the bacterial 
region of the transducing phage. The bacterial RNA was 
further hybridised to the separated strains of 80  '™™dhis* 
DNA in the presence of excess cold RNA of various kinds 
(Fig. 2b). The cold competitor RNAs were from the follow- 
ing Salmonella strains: his-515, which is deleted for the 
entire bacterial region integrated into the phage genome 
(Fig. 26); his-712, deleted for most of the histidine operon 
and a short distance beyond’; and his0/242, a deletion of the 
distal portion of the operator region (Fig. 1) causing high 
constitutive levels of enzyme*. Pulse labelled in vivo RNA 
also was isolated from his@/242 cells and hybridised directly 
to the separated strains of 80 A ™="dhis’ DNA as in the 
second step of the in vitro RNA fractionation (Table 15). 
Results are expressed as the percentage of RNA transcribed 
from the bacterial segment of DNA. As Figure 2b shows the 
* Present address: Universita di Napoli, Facolta di Medicina e 


Ch Instituto di Patologia Generale, via Sergio Pansini, 





Naples. 
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a, In vitro RNA was prepared as described by Makeni 
with some modifications. All incubations were i 
The transciption mixture contained Tris(hydroxymet: 
methane-HC1, pH 7.9, 20 mM, KC1 100 mM, dithiothrei 
ATP, GTO, UTO, 0.15 mM each, 3H-CTP 0.075 m 
activity 12.5 Ci mmol, New England Nuclear Corp.) EE 
4mM, MgCl, 15 mM, rifampicin (Sigma) 10. ug ml? 
DNA 25 ug mi? and RNA polymerase 10 p 
first incubated for 2.5 min in the reaction 
Tris-HCl], pH 7.9, KC1, dithiothreitol, nucleotid: 
EDTA. RNA polymerase was then added and 
followed for another 10 min. The transeriptio: 
addition of excess MgCl, and was allowed to è 
Rifampicin was added together with M Ch f 
chains initiated by the preinitiation complex, T 
the final reaction mixture was 125 ui. After then 
ated by the addition of 0.5 ml of the stopping : 
DNase I, the reaction mixture was incubat 
0.5 ml of 0.1 M Tris-HCI, pH 7.2, containing 
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| Fig. 1 The histidine operon of Salmonella typhimurium. The his operator-promoter region has been expanded, and the nine structural genes of 
the operon, AisG through hisE, are depicted®. Two outside markers, supD and gnd, are shown. Mutation 46 is a mis-sense mutation in the 


-hisG gene; all other numbers refer to operator-promoter mutations. G 


enetic mapping of the operator-promoter region (Q), approximately 


300 nucleotide pairs long, was carried out by B. Ely, D. B. Fankhauser and P. E. Hartman (unpublished results). 


* It is proposed that these mutants have more than one altered site. 


- (gnd in Fig. 2), may be preferentially transcribed from the 
1 strand (52% of counts from / strand in Table 1b). E. coli 
tRNA gave competition no greater than his-515 RNA, 


indicating that the entire transcribable region of the 
< bacterial DNA carried by transducing phage is deleted in 


<- mutant Ais-515. Compared with the high level of in vivo 


ee his01242 expression, the percentage of histidine mRNA 


henceforth called his mRNA) is very low when transcribed 


< in vitro on 980 A '™@dhis* DNA as template (r strand in Table 


- {a compared with r strand in Table 1b). Since the level of 
fhe his mRNA is compared with that of the neighbouring genes 
= the results indicate that purified RNA polymerase, for some 
reason, does not support transcription of the wild type 
histidine operon to the same extent as transcription of the 
adjacent DNA regions. 





_ Transcriptional barrier on DNA 

; -~ Mutation his0/242 has been incorporated into the histidine 
~ transducing phage (G. R. Smith, B. Tong and B. N. Ames, 
> unpublished results). When 980 A '""dhis01242 DNA is used 


; : as template for purified RNA polymerase, in vitro 
>=> expression of the histidine operon is high relative to that 


from the external bacterial region and is essentially the same 
level as that found for in vivo expression of his0/242 (Fig. 


< 3a). This high rate of transcription in vitro is not unique 
>- for a particular RNA polymerase or DNA preparation. 
> These results agree with the observation that his0/242 DNA 


supports much more synthesis of L-histidinol dehydrogenase 


a (encoded by the hisD gene) than does wild type DNA in 


> coupled and uncoupled systems of in vitro protein synthesis 
© (J. Broach, S. Artz and B. N. Ames, unpublished results). 
Such results indicate the presence of a DNA region which 
lowers the expression of the histidine operon in vitro. 
Removal of this region in the deletion mutant his01242 
allows purified RNA polymerase to transcribe the histidine 
operon at a greatly enhanced frequency. 

DNA was isolated from phage carrying the promoter-type 
mutation, his02355. Although his02355 expression is reduced 
about 50-fold in vivo (B. Ely and Z. Ciesla, unpublished 
results), p80 A ™™dhis02355 DNA gives a level of in vitro 
transcription similar to wild type DNA (Fig. 3a). As ex- 
pected in such experiments, the / strand shows low levels of 
hybridisation to *H-RNA within the histidjne operon (Fig. 
3b). The low levels found may be the result of read-through 
from preceding initiation sites or abnormal dnitiations. 

The high level of transcription of his0 b242 DNA by 
purified RNA polymerase indicates that it is neither binding 
of the RNA polymerase nor RNA chain initiation which is 
regulated in the DNA region deleted in his02]/42. The DNA 
region, therefore, must either block the elongation of RNA 
chains in transcription er expel RNA polymerase from the 


template in its travel towards the initiation site. If it is the 
elongation of the RNA chain that is regulated, the positive 
factor might act as an antiterminator. 


Positive factor binds at promoter site 


The genetic structure of the regulatory segment of the 
his operon has been determined (B. Ely, D. B. Fankhauser 
and P. E. Hartman, unpublished results) in conjunction with 
studies on enzyme levels (B. Ely, personal communication) 
and mRNA levels (unpublished data of myself and P. E. 
Hartman). I now focus on the most critical of these 
observations. 

Most of the promoter-like mutations cluster upstream 
with respect to the his0/242 deletion (Fig. 1). The in vivo 
his mRNA levels of some typical promoter mutants with 
different genetic backgrounds are shown in Table 2. There 
are two kinds of promoter mutations: class I responds to 
the mutation hisT/504 which produces a tRNA®*® that is 
still active in protein synthesis but is not active as an effector 
of the his operon***°, Class H has lost the response to 
hisT 1504 or retains a very low level of response, Even 
though they cannot respond well to hAisT/504, three 
mutations (class HB) respond to essentially the full level of 
expression when they are combined as double mutants with 
his01242 Gast column of Table 2). It is extremely difficult to 
explain this phenomenon by a model exclusively involving 








Table 2 Histidine mRNA levels* of promoter type mutants in 
different genetic backgrounds. 





Type of Second mutation 
Strain promoter 

mutation None hisT1504 hisO 1242 
ü+ Wild type 8 50 100 
03181 I 8 33 44 
03185 I 5 34 _ 
03148 {IB 10 4 98 
02965 HB 3 3 94 
02355 HA 4 3 5 
02321 HA 10 8 5 
02966 HB 8 4 92 
03149 I 13 22 = 


TTT STUTTTTTTTT Ta NAAR dali AAAA AAAA 


Strains were grown in the E medium of Vogel and Bonner?" 
containing 0.1 mM L-histidine (repressed condition). Exponentially 
growing cells were pulse labelled for 3 min with *H-5-uridine (New 
England Nuclear Corp.), and lysed with dodecylamine and SDS (ref. 
39). 7H-RNA was isolated with phenol” and hybridised to denatured 
@80M@"dhissDNA and g80A'""DNA retained on Millipore 
filters’ The relative amount of MRNA was determined from the 
initial slope of the his operon-specific DNA-RNA hybridisation 
curve plotted against an increasing amount of in vivo 3H-RNA. The 
methods will be described elsewhere in detail. 

~—, Not tested. 

*The level of Ais0/242 was taken as 100. 
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negative control, The RNA polymerase binding site per se is 
not impaired in class HB mutants. And, if Ais0/242 is the 
site to which the repressor binds, why is it that inactivation 
of the corepressor in the AisT strain does not cause 
depression as does a deletion in the operator region? 

The paradox ed by the following considerations. 
(1) The class T moter mutations reduce the binding of 
a positive factor, (2) The positive factor increases the 
expressibility of the Ais operon in the presence of the DNA 
region deleted is01242, (3) Class HB mutants respond 
poorly to the AisT/504 mutation simply because the positive 
factor is necessary to receive, either directly or indirectly, 
the altered information. from the AisT/504 mutation. 
Similarly, class HB/hisG46 (Fig. 1) double mutants grown 
on histidinol fail to exhibit normal physiological derepression 
(B. Ely, personal communication). 
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Fig.2 Separation of histidine mRNA by two-step hybridisation. 
The strain used to grow the transducing phage was an E. coli 
his deletion mutant, doubly lysogenic for @80A'™™dAis+ and 
p80h'™” phages, @80A'™™ carries the heat-sensitive mutation, 
C1857. The transduced segment of bacterial DNA carries the 
gnd gene in addition to the Ais operon’. This segment is tenta- 
tively located to the left of art since there is not enough phage 
chromosome between azz and ori to accommodate the transduced 
segment. The ori function is required for the propagation of this 
phage™ and the lower density of the @80A'™™dhis+ virion with 
respect to @80A'™™ (my unpublished data) indicates that the 
transducing phage has lost more phage DNA than is replaced by 
the bacterial DNA segment. Phage from heat induced lysogens 
were purified by polyethylene glycol precipitation®! and DNA 
was isolated from both types of phage after separation through 
CsCl (ref. 32). Strand separation of the transducing phage DNA 
was done by CsCl centrifugation in the presence of poly(U,G)}*?, 
Unseparated DNA strands were immobilised for DNA-RNA 
hydridisation on Millipore nitrocellulose filters (HAWP 047 00, 
Millipore) according to the method of Gi liespie and Spiegelngan™. 
Each filter of 6 mm diameter contained 6.7 ug DNA. a, in the 
first step hybridisation, 90,000 c.p.m. of in vitro °H-RNA was 
incubated with four filters which retain unseparated o80Aimm 
DNA strands in 150 plof4 x SSC(0.15M NaCl, 15 mM sodium 
citrate) containing 2 mM CTP and 0.2 mg £. colitRNA per ml 








Under this mechanism, it is clear why all three Straims of 
the class IHIB type regain full expressibility when th barrier | 
against RNA polymerase passage is removed by dek Be 
the Ais0/242 region (Table 2). Class HA mutations, 
other hand, may affect RNA polymerase binding or | 
RNA polymerase and positive factor binding. Our value 
in vivo MRNA production in class IIA mutants (3-109 
Table 2) are at near-background levels. Sensitive | 
a:says show, in fact, that class HA mutants de | 
with an increase in enzyme on combina : 
mutants with the his0/242 deletion, but they ne 
expression (B. Ely, personal communication). 




























Attenuator: a common phenomenon ? 





The above data seem to indicate the pr 
factor which binds at the promoter region ; 
effect downstream on an ‘attenuator’ re; 
deleted in his0/242. The existence of- 
binding mutation in strain his02966 < 
located to the right of the presumed 
binding site defined by the his02355 mutation 
it likely that the positive factor travels togeth 
polymerase to exert its effect at the attenuator 
The existence of attenuator regions may be a ge 
phenomenon. Extensive deletions in the E. coli tyg 
operon that include the region between fhe- 
the first cistron have a rate of transcription 4 
to four-fold in vivo for the remaining gen 
the distal portion of the trp operator re 
expression”. A transcriptional barrier has | 
A phage DNA". The lac operon might 3 
attenuator which is deleted or altered in UV-4 and similar 
mutants that exhibit, in vivo" and in viro, a reduced 
requirement for a positive effector protein. In addition each 
constitutive gene has its own characteristic level of - 
expression, and some constitutive genes are known to be 
susceptible to ‘up-promoter’ mutations -®, The existence of 
an attenuator in certain operons suggests that the potential 
expressibility of constitutive genes may be much higher and 
the determination of the constitutive level! of expression mä 
be part of the function of the attenuator, A constitut 
level of gene expression could either be determined 
base sequence of the attenuator, or by U 
positive factor. If the DNA sequence of 
determines the level of constitutive exp 
of a specific regulatory protein is elimina Si 
This model proposes that not only qualitative, but a Bo 
quantitative information can be coded dire ‘ou 
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(General Biochemicals Co.). Cold CTP was added to chase from 











hybrid was collected on a Millipore fi 
10 ug RNase A per mi (Worthington 
15 min, the filter was dried and co 
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PE of histidine operon transcription. Individual 
nents of the fraction of kis messenger (a) and his anti- 
(byin the RNA corresponding to the transduced bac- 
ent are plotted with various templates used (in vitro) 
th the strain his01242 (in vivo). Methods are described in 
Tand 2. a, hybridisation to the r strand of @80Ai™™- 

NA; 3, hybridisation to the /strand of 802! ™ his DNA 


E i | sequence of DNA. Auxiliary protein factors in transcrip- 


tion, positive or negative, may be regarded as means to re- 
spond to external information that is superimposed on in- 
formation built into the DNA polynucleotide sequence. An 
alternate possibility which is unlikely but is not rigorously ex- 
cluded is the following. The attenuator could be an RNA 
chain initiator site (L) which requires the positive factor, and 
I, may be followed by a cryptic RNA chain initiation site 
(Iz) which aon not aa postive factor. if all RNA 





ation a “i ech eyed at h By blocking an RNA Solace: 
molecule which is not accompanied by the positive factor. 
I; may. be available for the RNA polymerase only when I, is 
deleted by a deletion such as AisO01242. 


Control of Ais operon 


I propose that expression of the histidine operon is 
controlled as follows. Charged His-tRNA, possibly in con- 
junction with a protein factor, recognises the operon-specific 
control site on DNA and regulates the binding of a positive 
factor to the promoter region. This positive factor, in turn, 
reduces the efficiency of an attenuator which otherwise 
would limit the frequency of transcription of the operon. , 
The function of the positive factor as a component. i the 
transcriptional machinery suggests that this molecules is 





more s classes « ot 






that e enzyme ree aa he operon 
(unpublished results of myself and P. E. Hart : | 
regulated by the concentration of His-tRNA. The acti n of 
His-tRNA could be effected through interaction with some 
operon-specific protein such as His-t-RNA synthetase! or 
phosporibosyl-ATP synthetase (EC 421C)*-", the target 
enzyme for feedback inhibition coded by the first cistron of 
the his operon”, 

A likely DNA site for the operon-specific control is the 
most proximal region of the regulatory segment where a 
large group of constitutive mutations, such as his0/828 (Fig. 
l) are located (B. Ely, D. B. Fankhauser and P. E. Hartman, 
unpublished data). The fact that a single short deletion of 
the Ais0/242 region gives rise to full expression makes it 
unlikely that any dependent negative regulatory mechanism 
is involved. Thus, the negative control element on the 
proximal region of the Ais operon probably also exerts its 
effect through the attenuator. Consequently, it is likely that 
the binding or action of the positive factor is under the 
control of the level of His-tRNA. This idea is supported by 
the observation of a requirement for positive factor-binding 
site for the expression of a proximally located constitutive 
mutation, Ais0/828. That is, the high enzyme levels elicited 
by Ais0/828 are considerably decreased when it is combined 
in cis as a double mutant with a positive factor binding 
mutation, Ais03/48 (B. Ely, personal communication), 
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phages. This work was supported in part by a research grant 
from the National Institute of Allergy and Infectious 
Diseases to P. E. Hartman. 
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Mutants inatRNA methylase gene, supK, of Salmonella 
typhimurium give suppression of UGA and certain frame- 
shift i s. dn addition suppressors which do not sup- 
press UGA, but which suppress frameshift mutants of 
opposite { meer e) signs are described. 
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ADDITIONS or deletions of nucleotides in DNA in other than 

multiples of three are called frameshift mutations and give 
out-of-phase translation’. Analysis of such mutations has 
shown the triplet nature of the genetic code’, and has 
helped in the elucidation of the translation termination sig- 
nals (or barriers) either created by mutational events within 
genes’ or naturally occurring at the ends of genes (W. P. 
Winter, quoted in ref. 5). Analysis of frameshift mutations 
has also shown the mutagenicity of various environmental 
chemicals’. We have been interested in seeing if single step 
mutations can give non-triplet reading at certain codons, 
because of the insight this may provide into the degree of 
fixation of the present genetic code in having three as the 
reading unit, and for the new types of alterations of the 
translation apparatus which may be revealed. 

At an early stage it was found that frameshift mutations 
could be compensated for, or suppressed, by a second in- 
sertion/deletion change close to the site of the original 
mutation such that the wild type reading frame was re- 
stored’, Suppressors of this type are termed intragenic, or 
internal. More recently it was found that secondary muta- 
tions external to the gene in which a frameshift mutation 
occurs can also specifically suppress many frameshift muta- 
tions’. In three classes of external suppressor mutants 
there are alterations in the structural genes for tRNA 
species and another seems to have a defective tR NA-modify- 
ing enzyme’. In one mutant the frameshift suppressor 
tRNA has been shown to have an extra base in its anti- 
codon”. Of four frameshift mutants which can be externally 
suppressed, three’, and probably the fourth’, have a single 
base insertion in a region of single base repeats, as shown 
by amino acid sequence analysis of the altered protein 
product in intragenic (+-type) revertants. The external 
suppressor of at least one of these frameshift mutants acts 
by reading four bases, including the frameshift sitt, as a 
codon, Non-triplet reading can also be influencedeby cer- 
tain mutations in the genes for two ribosomal proteins”. 

* Present address: Cold Spring Harbor Laboratory, Cold Spring 
ROR New York 11724. . 





ppressor reading of the genetic code 















in 7 
S145 


% Stevens, W. F., Adhya, S., and Szybalski, W. 
phage lambda (edit. by Hershey, A. D 
Harbor Laboratory, New York, 1971). 

* Yamamoto, K. R., and Alberts, B. M. 
(1970). 

2 Matsushiro, A., Virology, 19, 478 (1963), 

“ Hradecna, Z., and Szybałlskı, W., Virol 























E AA i i a KT 


















> Gillespie, D., and Spiegelman, $, Jo Biol., 
(1964). E 
* Nakanishi, S., Adhya, S., Gottesman, 


J. biol. Chem., 248, 5937 (1973). | 
® Kasai, T., and Bautz, E. K. F., J. molee 
a Burgess, R. R.J. biol. Chem., 244, ae 
= Vogel, H. J. „and Bonner, D. M., J. biol. Ch 
* Meynell, G. G., Biochinn. biophys. pie 240 























teeta TEE N aN ANNARS ASI ARMS AI Mtn a an napa ennui ew Mane MN 







In addition to external suppressors which spe cifically | 
compensate for frameshift mutations, one class of suppres 

sors has been isolated which suppresses both a frens 
mutation, mrpA9] of Salmonella A . ard 
terminating UGA mutations. We report that this cle 
suppressor mutations occurs in a gene, supkK, which encodes — 
a tRNA-modifying enzyme. 


Selection of reversions 
The prototype of extensively studied +1 frameshi 
is $. typhimurium hisD3018 (ref, 19). h has a PE 
type frameshift mutation in the region shown 
(refs. 14, 20). The only external suppressors of 
that have been characterised so far insert pre 
CCCU codon at the frameshift site, We dec 
whether HisD3018 can also be suppressed by < i 
suppressors as has been shown for trp49t 
constructed, each containing AisP3018, inp 
three different Jac UGA mutations borne i 
E. coli origin. Spontaneous revertants selected ; 
37° C in the three strains for (1) Lac* (lactose 
His’ (histidine independence), (2) Lacs Tre fir 
independence), (3) Trp? His, and (4) Lac’ a 
either temperature there were revertanis in each ca 
which showed phenotypic suppression of the u 
marker, and without exception all reversion to Trp 
phenotypically cross-suppressed the lactose n 
Other combinations of mutations were teste 
taneous reversion of the frameshift and n 
types and did not reveal any such cross’ su 
it may be found in more extensive tests. * 
tried were: — hisC50 (amber)? ¢trpA9i CPSP 
hisC\17 (ochre)! rrpA91 (FS); AisD3018 (FS) erp 
lac X82 (amber); hisC3736 (FS) trpA@i (PS). 
(three different Z- alleles); AisF3704 (PSY° spr 49 
lac UGA (three UGA alleles); trpA872 (FS) hi P 
/F’ lac UGA (three UGA ali eles). Mutation (rpAsy2 i are 
internal suppressor of ¢rpA91,’ and is not itself su 
by trpA9I external suppressors..In addition st 
constructed «ontaining irpAS1/F’ lac UGA ¿i 
hisD3749 or hisD2565 (Fig, 1), known +c frames 
tions’. No cross suppressors were recovered wher ffs: 
was the histidine marker, but we were not able to g 
unambiguous results when AisD3749 was the 
mutation. e s 
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= and translation 
Fig. 1 The nucleotide sequences were deduced from the amino 


ive revertants (nos 610-614) of hisD3018rrpA91 /Flac- 
A (Table 1) differing in temperature sensitivity and 
ree of cross-suppression were selected for further studies. 
se also had the peculiar property of different abilities to 
won nutrient agar. Since the parent strains grow well at 
40° C on nutrient agar, and none of the five revertants do, 
we selected for back reversions at 40° C on nutrient agar. 
evertants with wild type growth rate arose at a fre- 
quency of 107, and all had simultaneously lost the His’, 
and Lac* phenotypes as well as their temperature 
nsitivity. This strongly suggested that all four phenotypic 
haracteristics may be due to a single suppressor-generating 
tion. The five revertants (610-614) were then designated 
up-610 to —614. 


apping suppressors 
eliminary mapping of sup610 to 614 indicated a loca- 
tion in the argB metK region. The mutations were further 
mapped by transduction methods similar to those used 
previously” with P22 or its variants H4 or L4 (ref. 23). The 
-= yecipients were hisD3018 trpA91 pro—438 sup* (alleles 
610-614) /F’ prot lacUGA and the donor phage was grown 
on. hisC3072 trpA91 leu-1132 serA790 lys-554 sup. sup“ 
















Table 1 Temperature sensitivity and phenotypic suppression characteristics of 


N terminus — — — — — — ae — — Şer Pro Gli ae 
AGC CC: GA Sees 
CCC or CC-C in his D3749 
lap position. hisG hisD hisC 
| 3018 | 
3749 2565 
nt ts DA 


Direction of transcription 


acid sequences of intragenic revertants of the frameshift mutants 
by Yourno and co-workers!?:*"**.- Means any base. 


transductants were selected at 40° C on nutrient agar, 
approximately 20% of the sup~ recombinants were Ser” 
Lyst and 8.5% Ser Lys~. Reciprocal transductions with 
selection for Lys‘ and scoring for His* Trp’ Lact and t 
were plated at 30° C and gave consistent results. The sup- 
pression and temperature sensitivity characteristics were not 
separable, thus confirming that in each strain a single muta- 
tion was responsible for the pleiotropy. serA and lys are 
not cotransducible but the suppressor gene is cotransducible 
with either marker. Both a dominant frameshift suppressor, 
suff) (ref. 22), and a recessive UGA suppressor, supK (ref. 
18), have been located in this region between serA and lys. 
Derivatives of the sup’ (that is, suppressor containing) strains 
were constructed which were cured of the F’pro‘lac™ epi- 
somes, and had the genotypes hisD3018 trpA91 serA790 
sup’ in their genomes. The strains were infected with the 
E. coli F prime KLFs carrying serA‘supK~ sufD52\lys* with 
selection for ser’. suf D52 does not suppress hisD3018 or 
trpA9\1, The F’ ductants were all His” Trp% and not t. 
Curing the strains of KLFy. restored the Hist Trp* and t 
characteristic of each strain, thus demonstrating recessivity 
of the suppressors 610 to 614. This recessivity shows non 
identity with sufD, and is consistent with their being supK 
mutants, Identity with supK was confirmed when previously 
characterised supK mutants -584, —-1175, and —-1176 (ref. 18) 









five Hist Trp+ Lac+ reversions 


aay , lly Phenotype Temperature Growth on nutrient agar Phenotypic suppression of 
acsee Hist Trp Lact selected of at ; 
=: Revertants -originally selection 30° C 37° C 40° C Lac His Trp 
6100 “Lac+ Trpt 30° C Yes No No +++ za -+ 
611. Lac+ Trp+ 30° C Yes Yes No as OE Cet i PoF E E ls T 
abl His+ Trp+ yc Yes No No ++ -+ -+ E 
613 Lact His+ 37° C Yes Yes No +-+ + ++ + Ln 
614 | Lact 30°C o * No No No -+ + -+ 
- - -Parent strains of revertants 610-614 e Yes Yes Yes er : aes ss 
8 irpA91 pro-438/F prot lac~ UGA (three different UGA alleles) . i | 













ion methods were analogous to those described previously’, | 
y omitting proline from the medium. The strains were mot exposed to any mutagen, All strains were s4”. + -F 

m diameter) in 48 h at the optimum temperature. We estimate + + + as 5-10°% efficient based on our own assays of anth € Syn: 
hetase, and comparison with sup-584 (see below and ref, 18) for*lac supression. F’ prot lac UGA were from strains TR289, 294 and 34 








The pro mutation was of spontaneous origin and was used o hold 
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showed similar frameshift and UGA suppression character- 
istics when cotransduced with serA into his3Ol8trpA9i 
strains carrying Flac UGA episome. 


Models for supK suppression 

Cross suppression between UGA and another triplet 

(UAA) has previously been reported"? “ But the suppression 

| tain shift mutations described here is 

novel, Can these results | e explained without invoking non- 

triplet reading? — : 
One model in 










he during translation the fidelity of 
triplet reading may intained while at the same time the 
effect of a framesh ft mutation is Suppressed is as follows. 
A frameshift mutation may generate several nonsense 
codons in the new phase in an MRNA message. Normally 
the ribosomes donot continue translating the message 
beyond the first nonsense codon unless either of two con- 
ditions are fulfilled: a) a suitable suppressor for this first 
nonsense is present in the cell; (2) an internal initiator 
codon is available in cl še vicinity. This initiation may be in 
the neutral, that is, wild-type phase. 

Fulfilment of condition @ at the first nonsense and (2) at 
the encounter of the second nonsense, if this nonsense is 
different from the first; would result in the reversal of the 
effect of a frameshift mutation while maintaining triplet 
reading. Two polypeptide fragments are then produced. 

This model can be applied to suppression of trpA91 and 
hisD3018 by the UGA. suppressor, supK by assuming UGA 
as the first out of phase nonsense (see Fig. 1) and either 
UAA or UAG as the second encountered nonsense. Comple- 
mentation of the two fragments could then give active 
enzyme. An alternative version of this model, which could 
lead to the production of overlapping fragments which 
might be joined into full length polypeptide chains”, was 
discussed earlier’. Since in both versions of this model the 
amino acid sequence in the region between the frameshift 
and the end of the first fragment is unimportant, any amino 
acid inserted by a UGA suppressor is likely to be acceptable 
at the UGA site and lead to suppression of the frameshift 
mutants. We tested three alleles of supS, a strong dominant 
UGA suppressor’, in partial diploid strains rrpA9lhisD 
3018ile” supS~ /F ymerile*supS* and found no suppression 
of either frameshift. In addition in an earlier test no inter- 
nal reinitiation, as detectable by complementation with the 
available mutants, was found in AisD (ref. 28). We therefore 
favour models in which the suppression of frameshift mut- 
ations involves non-triplet reading. 

One possibility is that the non-triplet reading occurs not 
at the frameshift site but at the first nonsense codon en- 
countered thereafter in the out of phase frame, for example 
UGA: (where - means any base). This could be ruled out 
if a frameshift which has an amber or ochre as the first 
downstream out of phase nonsense codon, is suppressed by 
supK suppressors. With the available strains AisD3749 and 
hisD2565 we were unable to test this model conclusively 
(see above). 

Alternatively suppression of the frameshift mutants may 
occur by non-triplet reading close to the frameshift sites. 
In supK mutant strains tRNA is undermethylated and more 
than one species of tRNA may be affected. The defective 
modification of one species of tRNA enables it to read 
the triplet UGA, and of a different species may allow it 
to read a non-triplet as a codon. It is possible that other 
components of the translation machinery are undermethy- 
lated in supK mutants, and may be causing the non-triplet 
reading. This is, however, unlikely in view of the specificity 
of the tRNA methylases which have been examined”. It 
is known that AisD3018 is a +1 frameshift so presumably 
its suppression is by quadruplet reading. The sign of trpA9] 
is unknown but the most likely possibilities are tMat its 
suppression is by quadruplet or quintuplet reading in supK 
mutant strains (see below). _ 















We find a class of external suppressors for #p491 which 
are in a gene other than supK and which do i 
suppress UGA. External suppressors for pART? have ¢ 
been isolated. These too are not in the supK gene an 
not in addition suppress UGA. Sine g 
are compensatory frameshift muta 
a quadruplet and the other may- 
or possibly as a doublet. A double 
of the amount of general misread 
presumably would generate. The 
close to each other to correct the res 
a theoretical possibility in view of tł 
which would be expected. Other types- 
have some relevance to how this type. 
occur, A ribosome binding experi 
for the nature of the adjacent base a 
anticodon interaction”. But equilibrium 
between pentamer oligonucleotides ang 
show that wild type tRNA does ` 
the fifth base (ref. 31 and O. Œ U 
communication) as well as to the fow 
change outside the anticodon loop cou 
more efficient. This would then be ana 
tion with the first UGA suppressor i 
But on the basis of the high degree of 
mutants*” compared with that found 
mutants which have been examined”, 
tions it seems more likely that the s yi 
due to an insertion in the tRNA an À 

The study of frameshift mutants in ba 
when a frameshift specific mutagen, 
derivative, was found for bacteri 
external suppressors which have been: 
detail, suf A-F suppress frameshift. { 
after ICR 191 mutagenesis”. irpA9i w 
after X irradiation and trpA8s72 is of sp 
and the external suppressors for trpA91 and irpA S72 aT 
classes which are clearly different (S. R., unpublished) fro 
sufA-F, This then raises the possibility thal several 
additional frameshift suppressor classes can be isolated, 
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helpful comments, H. J. Creech, institute of Cancer 
Research, for a gift of ICR 191, and B. MeTiernan for 
technical assistance. This work was supported by a gram 
from the National Science Council of Ireland. 
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“6 w-ban d observ ati ons pa and two were possibly detected (3C345, 0727-11). 
Lo i ese five objects comprise two quasars, a Seyfert galaxy, an 
galactic and extragalactic sources at Imm N galaxy and an unidentified radio source. In each case the 
g report the result of a search for discrete extragalactic millimetre emission represents a substantial fraction of the total 
urces of continuum radiation near 1.2 mm. The observa- power of the object, and for 3C120 and 3C345 it may well exceed 
ns were made during a run of one week on the United States the power at all other known wavelengths. We also observed a 
ational Radio Astronomy Observatory (NRAO) 1ii-m number of well known galactic regions and found millimetre 
telescope at Kitt Peak, Arizona. emission in several of them. A detailed description of the 
We attempted observations of a total of 90 known extraga- observational techniques and discussion of some of the theore- 
lactic objects: three were probably detected (3C84, 3C120, tical implications of these observations will be given elsewhere. 









Table 1 Probabile detections 














1.2mm Broadband* - 
p Present work _ Ade, Rather & Clegg 
Observation time So Observation time Sic Observation time So 
(min) (fru) (min) (min) 

3C84=: NGCI275 100 43+11 (3.90) 10 28 -+ 20 70 25+9.5 (2.70) 
3C120 70 6 65417 (3.80) 30 33-49 (3.76) 
3C273 140 344-8 (4.26) 20 48.544 280 224-4 (5.50)t 
Orion IRB 20 1554+23 (6.70) 130 100-24 (250) 


gB2 10 162445 (3.60): 
~- 211435 (6.00)} 


Table 2 Possible detections 


ource 1.2mm Broad band 4 
a Present work_ Ade, Rather and Clegg 
: Observation time SES Observation time So Observation time S2406 
ae (min) (min) (min) 

o 3C345 168 18.5--7.5 (2.50) 40 pas eg 
0727-11 20 201 4-69 (2.90) 7 352-07 
M81 = NGC3031 20 40+ 16 (2.50) 40 15.5+8 
M82 = NGC3034 = 3C231 60 -12415 33 17.5415 250 2227 (3-10) 
OR21 40 40.5+-14 (2.96) 140 324-8 (4.06) 
OR21N 90 254-10 (2.50) 


mn 
n CAA 
per limits on the flux-densities are < 200 f.u. unless denoted by* (1< 00f.u.),* (s 50f.u.), 


Table 3 Objects not detected at 1.2mm. The 20 up 
or ** (< 30 f.u.) 


(a) 3C Quasars: 3C48*, 138*, 147*, 196*, 220.2*, 232*, 277.1*, 279+, 286*, 309.1", 380* 
(hb) 3C Radiogalaxies; 3C270, 274**, 348*, 405* e 
(o) Seyfert galaxies: NGC1068*, 2782", 3327*, 3516**, 4051**, 4151*, 5548*, Mark 34*, 697, 106, 110, 124, 141, 142, 279, 290, 291+, 298+, 
— 372, 382, 3917 r 
(d) N galaxies: 3C79, 135, 177, 212, 227*, 234*, 318%, 371**, 3817, 390.3* 


{e) QSOs: BSO2**, B234*, B264, B272*, B340*, B382" | 7 
CP) High frequency radio sources: 4C39.25(Q)*, 0135+17, 1331+ 170(Q)*, GC1514+19*, QJ287, ON325*, OP-192, OQI72(Q)", NRADS30, 
~ OS094(Q)**, BLLAC | | i 
gh) yae NGC253, 676, 2403*, 2903, 3368, 3486*, 3521, 362% 4192, 4303, 4472, 4526, 4535*, 4654*, 4826*, 5457*, 6946, IC1613* 
1) Galactic sources: Oph A, Crab* : . TERT Oe A 
e e ; ee 
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Fig. 1 Atmospheric attenuation coefficient, a, as a function of 
time during our observing run, from observations of the planets 
Venus (V), Mars ae Baturn (S) and Jupiter (J). 


In order to study as many Ope of object as possible, our 
observing list included: (a) all 3C quasars: (b) all 3C radio 
galaxies with z< 0.02: (c) all Toom Seyfert galaxies with NGC 
or Markarian numbers andô > ~- ; (d) all known N galaxies; 
(e) all QSOs with z< 0.2 in the ale and Formiggini list? 
of optically selected blue stellar objects; (f) all known radio 
sources with [| > 10° a one or both of the criteria 
SG cm) > 4 fu, SB mm) 2 ; (g) all galaxies brighter 
than 11 mag Onpa) with é= —2 a all infrared galaxies with 
SAO pm) > 0.1 bu, Mpg <12 ; (i) all galactic radio sources 
- with S(6 cm) > 30 fu. and diameter < 6’—a total of over 200 
objects. Several experimental limitations and problems 
prevented us from observing more than about half of this list, 
namely: the location of the Sun; the inability of the telescope to 
look within 90° of a wind in excess of 20 mile h” (three nights 
of our run): intermittent unstable behaviour of the detector/ 
amplifier system; bugs in the computer software. In spite of the 
resulting selection effects we believe that the sources we ob- 
served are a representative sample of the main types of known 
extragalactic object. i 

Most of the sources were observed for between 10 and 20 min. 
A smaller group of 25 sources, comprising the nearest objects 
in each of the above categories (a) — (h), together with several 
radio sources with strong, variable, flat-spectrum emission at 
high radio frequencies, were observed for between 30 min and 
3h. 

We used the NRAO ae continuum receiver (J. D. G. 
Rather, P.A.R.A., and P. E. C. to be published), beam-switched 
over 130”. The radiation j is detected by a three-part, scandium- 
doped, germanium bolometer?. With its standard low pass 
filters, this receiver has a response extending from 800 um to 
3 mm. Imperfections in the dish surface act as an additional 
low Pass filter; at 250 GHz, the aperture efficiency is about 
12% for an unpolarised feed {the l-mm receiver is partially 
polarised). The overall bandpass of the standard filters, atmos- 
phere and telescope will be published elsewhere. Because this 
bandpass is so large, the mean wavelength depends strongly on 
the spectral index of the source’. For this reason, we used 
additional filters to restrict the bandwidth. With these filters, the 
mean wavelength should be close to 1.2 mm for any reasonable 
spectral index. Thus our observations are the first of extragalac- 
tic sources that can genuinely be described as giving narrow 
band fluxes close to 1 mm (see ref. 4 for line observations of 
galactic sources at 1.3 mm). For comparison, some sources 
-were observed with only the standard broadband filterihg. 

_ We determined the ftux scale for the sources, and the attenua- 
tion of the atmosphere, by making frequent observations 






















































of the planets. Planetary fluxes were 
the temperatures given by R 
be correct to | Venus and 
through the wall of the dome, 
measured to be 40%. We | 
atmosphere to be given by 
distance and a is a function © 
monochromatic observations 
phere, and we found this simp 
approximation. | 
Figure | shows how a varied: 
measured from 61 planetary obs 
elevations each day. The sudden 
the night of February 7 was due 
accompanied by light cloud, and 
frequent calibration at these way 
the mean values of a for 12-h inter 
the present preliminary analysis, 
The lists of our probable (> 3.5 
detections are given in Tables 1 
observations we made, and the res 
measurements by Ade, Rather and 
(previously unpublished) are also sho 
of the several scans on each object we 
density and corrected by the app 
before being combined se an rms: 


(S =(© §,/o,;2)0? where oœ = E g; : 


$ 
mean and standard error o an individ 


of S/o is shown in Fig. 2 for all o 
the excess of pos wih Sic ao 


are no , gross sy stematic « errors presen 
majority of the sources with ¥ > 2.56 are gë 
Table 3 lists the sources from which n 
detected. | 
Schematic radio, millimetre, infrared and optical spect 
been compiled from the literature for six extragala: 
(Fig. 3). The Parkes source 0727-11 is at presei 
its proximity to the galactic plane means that a 
cannot be ruled out. Although discussion of the 
await a more thorough determination of our f 
and effective wavelength, the impression is tha: 
similar phenomenon in most of the objects, t 
a rising ea hud beset in ve in 


the : nearest N galaxy Git has also -o 184 
as an N-type Seyfert*) suggests that strong mil 
may be a common property among Darian wit 
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Fig. 2 Histogram of Sio, showing probable ide 
* (heavy shading), and possible identifications (light shadi 
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Fig. 3 Schematic radio, millimetre, infrared and optical 

spectra for detected extragalactic sources, Filled circle with 

vertical bar, present observations at 1.2 mm; circle with 
vertical and horizontal bars, broadband. 


P(y).v, where P(v) is the monochromatic luminosity, and at 
1.2 mm, this quantity ranges from ~ 10" erg s~ for M82 to 
~ 10% erg s~ for 3C345 if its redshift is cosmological. 

The possible detection of the nearby spiral galaxy M81 is 
extremely surprising, since there is no other optical peculiarity 
which would explain why it should have a millimetre luminosity 
more than 10* times greater than our own galactic centre. This 
observation should be treated with caution until a less marginal 
detection can be achieved. 

We stress that the flux densities quoted here are preliminary, 
although we do not expect the flux scale to be in error by more 
than 25%. We also emphasise that the search we have made is 
in no sense complete down to some flux level, owing to the 
strong dependence of the atmospheric attenuation on zenith 
distance and time. But among the objects mentioned in this 
paper, we doubt if we have missed any sour€es brighter than 
200 f.u. p 

We thank the NRAO for time on the telescopg, and for sup- 
port facilities. The staff of NRAO, Arizona, provided assistance. 
The NRAO is operated by Associated Universities, Inc. under 
contract with the National Science Foundation. We also thank, 
the Science Research Council for support (P.E.C. & M.R-R) 
and for a Research Fellowship (P.A.R-A.). E ° 
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Note added in proof: Reanalysis of the spectral response of 
the detector system suggests that the mean effective wavelength 
for our narrow band observations may be closer to 1.4 mm than 
1.2 mm. If this is confirmed, the flux densities in Tables 1-3 
need to be reduced by 25%. 
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Spontaneous fission on the Ap star HR465 
THERE is an anomalously high abundance of heavy elements 
on the Cr-Eu subgroup on the Ap star HR465 (refs 1-3). 
The overall abundance pattern of elements with Z>40 indi- 
cates that the heavy elements originate from r-process nucleo- 
synthesis®. In the r-process abundance curve there is a broad 
peak in the rare earth region centred around Z == 65 (A165). 
The rare earth elements on HR465, however, produce a peak 
centring near neodymium and samarium at Z = 60~62 
(ref. 3); this clearly differs from the trend of the r-abundance 
pattern. Nor does the rare earth peak on HR465 correspond 
to the s-process abundance peak around barium and lanthanum 
(4 = 135~ 140). Moreover the amount of barium on this star 
is too small to produce this rare earth peak by the local r- 
process, which begins from the s-process peak of barium and 
lanthanum‘. Other explanations for the overabundance of 
rare earth elements on Ap stars do not seem appropriate for 
HR465 (ref. 1). I examine here an alternative possibility— 
that the rare earth anomaly on HR465 originates from asym- 
metric spontaneous fission. 

According to the liquid drop model of fission’, the mass 
number M, of the heavy fission fragment produced by the 
asymmetric spontaneous fission of nuclide (Z, A) is given by 

My = 0.5(A — V) + 0.0454 (40.2 —(Z?/ 4A)? (1) 
where Z?/A must be less than 40.2, and vV is the average number 
of prompt neutron per fission event. The v depends on the 
excitation energy of fission fragments, but it is approximately 
given by 





y = 0.1174 — 25.73 (2) 


The numerical coefficients in equation (2) were determined by 
the least-squares method using the experimental values® of v 
for spontaneous fission. 

The nuclides with A> 180 can be produced in the Universe 
only by the r process. In the period of r-process cooling, 
delayed spontaneous fission would occur during the successive 
B decays. Using the value 1.78 for the surface asymmetry 
constant xK in the expression for the surface energy of a spherical 
nucleus, implies that all the nuclides in the range 4> 265 
(Z > 96) (ref. 7) would completely disappear in the neutron-rich 
region, far from the f-stability line, because of delayed spon- 
taneous fission with A. > > Ag. (A, is the decay rate of the mode 
x). As*for the nuclides with 250<A<265, they become un- 
stable against spontaneous fission faster than they become 
g-unstable with the approach of the nuclides to the f-stability 
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dine Qo > > he) (ref. 8). So they would fission completely on the 
neutron-rich side near the f-stability line. On the other hand, 
the nuclides with 4<250 can reach the -stability line safely 
(see Fig. 1). A 
The B-stability line was dei ed from the relation Z = 

(0.34 - 100)A/(A--200) (ref. 9) and the nuclides closest to 
O. = 2: and 4 MeV are denoted by small open circles. Here 
Q, is the binding energy?” for the last neutron in the nuclide 
(Z, A), and they process usually proceeds through the neutron- 
rich nuclides w Qn z = Zag MeV La 11). The maximum 










bck MeV is re 100 (refs 7 and 12). The 

-rprocess age takes place from the neutron-rich region 
- Of Og = 2~4 MeV in the direction of increasing Z, keeping the 
mass number A constant (vertically downward in Fig. 1). 
If we adopt k = 1.78, the nuclides heavier than 265 completely 
disintegrate by delayed spontaneous fission in the early period 
of me oe to toni the abundance par of heavy fission 


the: range 250 < A<265 indago PONE fission. in thé 
later period of the cooling and all their fission fragments 
accumulate around A = 145~150. The Nd-Sm abundance 
peak on HR46S ts situated at A = 145 ~ 150; the position of this 
peak just corresponds to the heavy fragment peak from the 
spontaneous fission of z nuclides with 250<A<265. This 
indicates the possibility of a spontaneous fission origin for the 
Nd-Sm peak. 

In 1960 the measured abundances of these elements on HR465 
were D OEO (ref. 1). j shall express the abundance of 


by the AN Psion of the nuclides in 250< A< 265, 
the average abundance produced, N,, corresponding to each 
mass number in the range 250 <A <265 must be 


N, & 108/( ¥ (265—250)) = 10° (3) 


where Y (0.07) represents the fission yield at the heavy 
fragment peak when the total fission yield is set equal to 2. 

The abundance of uranium on HR465 is about 3.5 x 105 
(ref. 2). Although we do not have information on the age of this 
star, the life of main sequence Ap stars is, in general, 10° to 
10° yr. The isotope 2°*U (4.51 x 10° yr half life) is, therefore, 
likely to survive almost completely, but the existence of 
2451] (7.1 x Oë yr half life) is not likely. The numbers of alpha- 
l radioactive precursors for U. and U (including those 
nu clei) are 3 and 6, respectively®. So the rang> of the average 












abundance N of the nuclides produced in the I | 
given as follows, assuming two extre j 
survival and the complete extinctio 


3.5 x 105/(3+6) = 4x10! <N< 


From equations (3) and (4), the rn 
must be produced with abundance 
nuclides with A < 250 by a factor 

The abundance peaks of the ry 4 
correspond to the neutron magic nu 
respectively. The abundance of the 
peaks is greater than the backgrot 
10 to 10°/?, Although a precise 
magic number or submagic numb 
at present, N=164 (ref. 13) or N= 
proposed. If the r-process proceeds t 
MeV, the abundance (sub)peak due t 
number would be formed at aroun 














































A. DSR 260 when we sera Ne 
were estimated by using the mass tabi 
Perisho™., In any case the r-process r 
peak in the region 250< 4 <265, So 
of the nuclides in the region "250< AX 
be higher than that in 4<250 by ab 
This explains the high abundance rati 
Thus the overabundance in the r 
near neodymium and samarium ca 
asymmetric spontaneous fission of F m 
which takes place in the later period 
In this case the mass number M, {= A- 
fragment from the spontaneous fission | 
in the range 103$M,<112. Elements ` 
Cd and In (Z=45 ~ 49) are situated 
each element is estimated to have the h 
least ~ 10°/5 = =2x 10°, In fact the abunda : 
HR465 is extremely high®, The abundance det 
Rh, Ag, Cd or In is needed for the more affirmative ce 
for the spontaneous fission origin of the rare-earth px 
HR465. Furthermore we can also expect the hig 
of lead and bismuth on this star since they are the 
elements of radioactive decay chains in 4: >21O. 
There are some peculiar A stars which have 
high abundances of thorium and uranium)?" a8: 
peak centred near neodymium and sąmárii 
on HR465 may be observed also on these A 
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C opernicus spectra of 8 Lyrae 


> We have observed the far ultraviolet spectrum of 8 Lyrae 
© using the Princeton spectrometer, on the Copernicus satel- 
>o lite. The principal data were scans in the low resolution 
= mode (0.2 A in the (U2) region 1,000-1,500 A and 0.4 A in 
the (V2) region 2,000-2,900 A) at phases nearly coincident 


with the two light minima. Shorter scans (1,100-1,300 A) 
were obtained at the two quadrature phases. All observa- 


tions were made in August and September 1973 but not in 
the same orbital cycle. 

The highest signal-to-noise ratio was obtained in the 
region 1,000 to 1,300 A (Fig. 1). Beyond 1,300 A the instru- 
ment response falls rapidly and only the strongest spectral 
features were detectable. In the longer wavelength region, 


the signal-to-noise ratio is considerably lower because of 
high background particle counts; here too, only major 
-<o spectral features were identifiable. 


The spectrum is spectacularly different from B8, the 


oe classification given in the visible region. Copernicus scans 
of normal stars later than about B2 show a rich absorption 
spectrum, particularly for those of high luminosity. The 
<> far ultraviolet spectrum of f Lyrae contains many emission 
lines, some with P Cygni-type profiles, some of very high 
excitation, but none with radial velocities associating them 


with the primary B8 star. It seems that the spectrum in 
© this region is predominantly from a hotter source than the 
< visible primary, supporting several recent suggestions”? 
that the secondary component in 8 Lyrae is the hotter 


object. The recently revived’ idea of an F-type secondary. 


seems to be eliminated. 

A few absorption lines corresponding to the B8 spectrum 
are observed longwards of 2,400 A. Multiplet 1 of Fell is 
present completely in absorption, and estimates of its 
velocity indicate an amplitude (in phase with the B8 
spectrum) of 340 km s~’. The primary star velocity ampli- 
tude from the ground based data is 370 km s` (ref. 7). 
The strongest transitions from the excited levels of Sill 
and SIII are also seen in absorption in this part of the 
spectrum, with a velocity range of 380 km St, 

The far ultraviolet spectrum is unique among those so 
far observed by Copernicus in the number and strength of 
emission lines. Some 50 are definitely identified; an equal or 
greater number remains in doubt because of blending effects, 
or low instrumental response. Figure 1 illustrates a region 
of the spectrum fairly free of overlap; profiles range from 
classical P Cygni-type to those which resemble more a 
broad emission seen on both sides of a shortward-shifted 
central absorption. (This latter type of profile is also seen 
at Ha, ref. 8). These profiles are typical of a rotating, out- 
ward moving envelope with expansion velocities of ~ 150 
km s~! (see refs 9 and 10). A rapidly rotating hot secondary 
with an outward moving envelope (in its equatorial regions), 
or an expanding shell around the system, is suggested. 

A small velocity variation is found in the absorption and 
emission turning points of these profiles. In Table 1 we 
give the mean values derived from some 15 features which 
are thought to be free of blending effects. These velocity 
values are similar to those of the shell absorptions and 
emission peaks in the visible spectrum’ at, for example, Hy 
or Hel 3,889. 

These numbers presumably do not represent the motion 
of the secondary alone, and probably are affected by mass 
exchange and other motions within the system. 

The continuum is generally confused® by overlapping 
emission, but its position may be estimated at 1,220, 1,150, 
1,300 and 1,100 A, in decreasing order of certainty. The 
flux levels, corresponding to a mean wavelength of 1,200 A 
are given in Table 2. 

These figures are in good agreement with the turning 
points of the OAO-2 light curves’. They show that the 
quadratures have unequal light and that the secondary 
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Fig. 1 Portions of Copernicus OAO spectrum scans of B 
Lyrae at four orbital phases. 


minimum is the deeper one in the far ultraviolet. This is in 
keeping with the evidence that the hot radiation associated 
with the secondary dominates this part of the spectrum. 

The emission lines do not show any marked eclipse 
effects. But changes are indicated in the absolute peak 
intensity of some lines and these are generally in the sense 
of being stronger than normal (by about 30%) at phase 
0.0. This is comparable with the continuum changes, and 
evidence that the emission lines are not associated with the 
primary. 

Table 3 summarises the strong line features indentified. 
The Lyman lines are very broad (>10 A), go to zero central 
intensity and are the only features without emission. They 
are similar to the Lyman lines seen in other Copernicus 
data and are presumably interstellar and/or circumstellar. 

Helium is not conspicuous; the A1,085 feature may be 
ascribed either to Hell or a close resonance multiplet of 
NII. The feature is strong (peak intensity 8 to 10 times 
continuum) and complex, so it may be a blend. 

The NIL and CH lines in the V2 region showing stellar 
absorption velocities come from’ excited multiplets. The 
emission in the U2 region of CH and CIH (and NH if it is 
present at 1,085 A) are from zero excitation multiplets. 

The most important features are the NV lines, which 
indicate very high excitation. The presence of these lines 
was suspected by Houck", who found a variable emission 
redward of Ly a on OAO-A low resolution scans. But he 
favoured the interpretations at Ly a emission, because of 
the high excitation of NV. Our data do not display the 
strong phase variation of these features found by Houck; a 
nonperiodic change in the system may be indicated. In our 
data, the profiles and velocities of the NV lines differ 
somewhat from those of most other lines, so that the 
features may originate in a different part of the system. 

There is no definite evidence for the presence of other 
lines of high excitation. No lines of NIV, CIV, OIV, or OV 
lie in the well observed region of the spectrum. There is an 
OVI line at 1,032 A, and although a line is seen at this 
wavelength, there is no sign of the other component of the 
resonance doublet at 1,037 A. The 1,032 A line can be 
attributed to Fell. 

The Si and S lines identified are all strong features (Fig. 
1). Stellar absorption components of Sill and Sill] are 
suspected in the V2 region. A broad emission at 1,344 A may 
be the PIII (1) resonance triplet. 

The spectrum of Felll is strong and all multiplets from 
1 to 59 are seen, when their lines are suitably located. The 
spectrum is unusual in emission in stellar spectra, and it 1s 
interesting that P Cygni itself shows Fell emission in the 
visual and photographic spectral regions. 


Table 1 Mean line radial velocities 


Phase 0.0 0.25 0.5 — 0.75 
Absorption (km s`) — 175 — {25 — 140 —135 
Emission (km s7?) 105 165 150 160 












rum o | : 

| is not definitely present in our data. Lines of Fell 
(primary absorption) are seen in the V2 region. The 
presence of other iron peak ions (Til, IV, Cri, Mnt, UD 
is possible, but not certain, primarily because of blending 
with Felll. 

What do these observations tell us of the nature of the 
secondary compi f 8 Lyrae? There is little doubt that 
it is a hotter than the visible B8 star, from the 
presence of high temperature lines and continuum, whose 
velocities and intensities do not follow the behaviour of the 
visible primary ‘star, The velocity amplitude of the lines 
suggests that the secondary is the more massive object, by 
a factor of sev imes. But, it is evident that the observed 
line features originate in an extended region around the 
secondary, which may be hi ghly rotating, and expanding in 
its outer layers. — 












Table 2 Continuum light level at 1,200 A 
Phase 0.0 0.25 0.5 0.75 
Light O.81° 1.00 0.75 1.10 


The spectrum of the massive secondary is invisible in 
the terrestrial spectrum, either because it is shielded by the 
extended envelope, or because the B8 star is overluminous, 
The latter possibility is a strong one if the system is near the 
end of case B mass exchange. The system would then be 
rather similar to the Algot-type semidetached eclipsing 
binaries, and its evolutionary history would be simple. A 
model of this type was proposed by Kriz‘, using the compu- 
tations of Kippenhahn and Weigert", and more recently by 
J. Ziotkowski (unpublished), But overall consistency in 
mass, luminosity, spectral type and rate of period change, 
has not yet been attained. | 

Overluminosity of the primary, however, cannot ‘account 
for all the observations. If the secondary is a BO-B2 main 
sequence star, as sugggested by Kriz, one must assume 
rapid and probably differential rotation’. R. E. Wilson 
(unpublished) has interpreted the V light curve of £ Lyrae 
using a model in which the secondary is a highly flattened 
rotating disk. Most of the radiation generated by the star 
emerges in the direction of the rotational axis, and the 
polar regions have the highest effective temperature, of 
some 11,000 to 15,000 K. 

Such a temperature is insufficient to excite NV. A 
Copernicus survey of early-type spectra, communicated to 
us by D. C. Morton, shows that the NV lines are seen only 
in stars of type BO.5 and earlier. A model incorporating a 
hot spot caused by impact of mass exchange particles on the 
secondary, or its envelope, seems to be eliminated by the 
lack of strong phase dependence of the line strengths. In 
addition, the light curve and geometry of the mass 
exchange raise further objections to a hot spot hypothesis. 

The differential rotation model then would require the NV 
lines to originate outside the orbital plane, and would also 
require a higher effective temperature than Wilson’s model 
provides. An adjustment in this sense would result from 
introduction of a hydrogen deficiency in the primary. A 
similar star, KS Persei, which has a more marked hydrogen 
deficiency, has an apparent spectral type AS, at variance 
with the effective temperature 10,000 K (ref. 13). It is not 
clear whether such an adjustment would make Wilson’s 
secondary hot enough. 

Another serious problem is that of the reversal of eclipse 
depths at wavelengths below about 1,350 A (ref. 2 and 
above). Wilson’ has pointed out that classical models of 
_ thermally radiating stars cannot account for this systematic 
" variation. It is not known whether Wilson’s differentially 
_ rotating model can achieve this, ° 
= An alternative representation of the system is one in 
h the secondary is a black hole, If matter is transferred 





















ell is very rich in the observed region, — 





Table 3 Observed features 















H Ly a, B broad interstellar ab 80 rption, 
Seen only at 2,829 and 2,945 A. 


Possibly present at 1,085 A. 










NV Highest excitation found: 1, 
Resonance lines at 2,800 A: P 
Well represented. > 
Well represented. N 
Well represented; other iron pe: 






















yr~', an accretion disk will be formed of uf 
absorb X radiation from infalling materiat* 
then appears as a hot continuum, and radi 
high enough to accelerate the excess of ma 
over mass accreted, away from the system, 
dict the appearance of strong recombination 
ionised elements, with no apparent “io: 
high ultraviolet luminosity also ionise 
hydrogen around it, forming an extended 
The observations described, the fact. t 
thermal radio source“, and the mass-exchange - 
to 10°M œ yr, fit this picture remarkably w 
A complication of a black-hole model, whi 
shares with other binary candidates such as € 
its evolutionary history”. If, as is often suppe 
tion of a collapsed object is associated with < 


explosion, it is necessary to explain the pr 
separation and circular orbit of the comp 7 
ping this point, we may sketch a possibi 
system as follows. The originally more massive 
went extensive mass loss to its companion af 
sequence lifetime, leaving a He burning core an 
a He rich envelope on its companion. The He 
finish its evolution (as a black hole) long before t 
yr required for the companion (the present ; 
reach the end of its main-sequence lifetime. We ne 
second era of rapid mass exchange, in which th 
layers of the present primary are transferred 
accretion disk around the collapsed companion, 

A more extensive examination of the n 
prepared. We thank the Princeton OAQ stan 
time and assistance. Copernicus is sponsored and or 
by NASA. : 
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2 Behaviour of Comet Kohoutek (1973f) 






- OBSERVATIONS of Comet Kohoutek have revealed the presence 
of CH,CN (ref. 1) and HCN (W. Huebner, private communica- 
~- tion) in the coma and of H,O* in the tail?; although predicted, 


HO was not observed’. 

The spectral identification of CH,CN and HCN is the first 
direct support for the hypothesis first proposed by Wurm‘, of 
chemically stable ‘parent molecules’ for the less stable radicals 
and ions seen in the coma and the tail. Either of these molecules 
could be the parent molecule of CN, which is conspicuous in 
almost all comets at 13,883 A. Their radiative dissociation 
schemes are the following®*: 


CH,CN-+Av->CH3+CN*(. $2,160 A) (1) 
CN*—>CN -+ hv(0-0 band emission near % 3,883 Å) 
HCN = hy -H+CN A < 1,900 A) (2) 


These two molecules were among the earliest discovered in 
dense interstellar clouds’. This does not establish an interstellar 
origin for comets but seems suggestive of the environment in 
which comets, or more specifically their embryonic grains, 
condensed out of the gas phase. These two molecules are also 
among the most abundant products in the gas phase found in 
sparkings of simulated primitive planetary atmospheres”. 

The H?O+ (most probably formed by photoionisation of H,O 
at wavelengths shortwards of about 984 A: ref. 9); strongly 
suggests the presence of the latter as another parent molecule. 
Circumstantial evidence for the presence of H,O as the dominant 
volatile component in the nucleus has been growing for some 
time. The strongest line of evidence has come from the recent 
ultraviolet and near violet observations of Comets Tago—Sato-— 
Kosaka (1969g), Bennett (19691), P/Encke, and now Kohoutek 
(1973f), all of which show strong emission from the two species 
H(Lya) and OH(~ 3,040 A) (refs 10, 11 and unpublished results 
from J. E. Blamontand M. Festau). Detailed models of the coma 
computed on the basis that H and OH are the photodissociation 
fragments of H,O seem to explain rather well the observed Ly a 
brightness distribution’?* and the distortion of the isophotes*. 
Under typical cometary conditions with a large abundance of 
H,O, other parent molecules would be present in the nucleus as 
clathrate hydrates, since these are thermodynamically more 
stable than their constituents®. Since the potential wells in 
which the ‘guest molecules’ are trapped in the FO ice lattice in 
the clathrate are very deep, they can be releas€d only by the 
destruction of the ‘host’ lattice and consequently their vaporisa- 
tion is controlled by the latent heat of vaporisation of H,O. This 
explains the almost simultaneous appearance of all the majo” 
cometary emission bands (typically arougd 3 AU formostcomets) 

@ & 





although the volatilities of the assumed parent molecules differ 
by more than ten orders of magnitude, provided that the 
abundance (by number) of the H,O molecules exceeds all others 
by about six to one. This is because the clathrate lattice can 
typically trap only one ‘guest’ molecule per six ‘host’ H,O 
molecules. The large abundance of OH (290% by number of 
all the radicals) observed in Comets Bester (1949k) (ref. 16) and 
Tago-Sato-Kosaka (1970g) (ref. 17) supports this view. 

The behaviour of Comet Kohoutek cannot be explained by a 
pure clathrate nucleus with H,O exceeding the other molecular 
species by more than 6 to 1. This is because an extensive dust 
halo was seen at a distance R>4 AU where the vapour pressure 
of H,O or the clathrate would have been negligible'*. A much 
more volatile species is required. Carbon monoxide, which is 
one of the most abundant molecules discovered in interstellar 
space and whose ion CO* is probably the most abundant species 
in cometary tails, is a likely candidate. Formaldehyde, another 
abundant interstellar species which may be a ‘parent’ for CO 
according to the scheme? HCO + Av-+He+ CO(N. < 3,000 A), is 
also a possibility. Methane is a not unlikely alternative. Indeed, 
the behaviour of Comet Kohoutek can be understood in terms 
of a nuclear model in which the HzO exceeds the more volatile 
species by a factor less than 6:1 so that a fraction of these are 
not trapped in the clathrate lattice. It is also likely that these 
more volatile species were concentrated in an outer shell 
because of a slow outward diffusion. As the comet approached 
the Sun these volatile species would quickly evaporate around 
Rx5 AU, throwing out a dust halo which probably consists 
chiefly of clathrate hydrate grains, possibly also admixed with 
grains of the volatile species and more refractory, ‘earthy’ 
material. The extension (/) of this dust corona is not determined 
by the lifetime of the grains against evaporation at 5 AU because 
this would be too large for any reasonably sized grains (being 
about 5 x 10's for 10-um grains). Rather it would be determined 
by their velocity. Taking /~ 10* km and v0.1 kms~} gives the 
time duration of mass ejection as +10°s (= 1 d, which seems 
reasonable). Assuming that the injection rate of dust is B times 
that of the gas (Q,,.) and that the dust coma is optically thin, the 
‘effective cross section’ of the dust coma for scattering of solar 
radiation is 


4 gas At) 
A BOQ gas G, Atm, = = B Sema (3) 
. (rg Pz) 


where At is the duration of emission of the volatiles and o,, Fu 
m, and p, are respectively the average cross section, radius, 
mass and density of a grain. Since Q,..=Zyas Myas An, Where 4, 
is the nuclear cross section, m,,, is the molecular mass of the 
voltaile and Z,,,, is the vaporisation rate (molecules cm~*s~*), 


the ratio a of A, to A, is 


Leas Meas 
Zu tad 4, 


i (4) 
(r, Pa) 


4 
LT B 


Assuming that the volatile in question is CH, (which is repre- 
sentative of the highly volatile class and for which reliable data 
is available’), and putting At% 10°s, BO.1, re * 10 um, gives 
ax40. In spite of the overall uncertainty in this value arising 
from our guessed estimates, this shows that the ‘effective cross 
section’ at around 5 AU could have been one or two orders of 
magnitude larger than the nuclear cross section. Consequently, 
the earlier estimates of the radius could have been too large by 
a factor of about three to ten, accounting for the later dis- 
appointment. . 

If tfe highly volatile material involved is small, this activity 
will quickly cease and a much less volatile cometary nucleus 
consisting of clathrate hydrates will be exposed, which will then 
behave in a ‘normal’ way after the early ‘anomalous’ brightening 
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Comet Kohoutek is by no means unique in its behaviour and 
five out of a set of about 50 long period comets seem to show 
anomalous brightenings in 4 AU< R<5 AU (ref. 20). A much 
larger sample (about 75° of a total of 79 comets passing 
perihelion in a period of 40 yr) exhibited flare activity at smaller 
heliocentric distances, often repeatedly*!:#2, and indeed a sig- 
nificant fraction of all long period comets may be first observed 
during such flares®*, These flares, as well as the periodic out- 
bursts from P/ Schwassman-Wachmann 1, which moves in a 
nearly circular orbit with perihelion distance x 5.5 AU, can be 
explained in terms of pockets of the highly volatile material 
contained within the clathrate lattice, being exposed to solar 
radiation from time to time as the overlying material evaporates. 
Other explanations of this phenomenon have been suggested?t 25 
but they are less direct. | 

Any attempt such as this to explain the differences of cometary 
behaviour in terms of differences in composition runs into the 
difficulty of having to explain why such differences in composition 
should exist, and this can only lead to further speculation because 
next to nothing is known about the spatial regions and therefore 
the physical and chemical environments in which comets con- 
densed**, But we require only ` very small differences in chemical 
composition to explain very different behaviour. A comet whose 
volatile component contains 85% H,O molecules by number 
will behave in a ‘normal’ way, aberea one which has only 84% 
H,O molecules by number will flare at a large heliocentric 
distance (R= 5 AU) and then fizzle out, like Comet Kohoutek. 
Such small differencés-in. chemical composition could easily be 
attributed to random statistical fluctuations. This may also be 
the difference between genuinely ‘new’ comets coming into the 
inner Solar System for the first time and those that have come 
in at least once before. | 

This work was supported by the Planetology Program Office, 
Office: of Space Sciences, National Aeronautics and Space 
Administration. 
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GASES wik gravitational terati ie are “expected oa price : 
away from a state of uniform - $ peratypet t. 
Such behaviour has been striking 
experiments on small gravitationa 
We point out here that this evi 
the criterion: 
dH/dt<0 E 
Indeed this criterion can even be pro N 
H=N fdv y (vy) In wy) +. 
is Boltzmann’s H, wy is the velocity 
with equal masses m. The weak cou 
and Severne? leads to a criterion of 
defined by equation 1, mainly as a $ 
taneous increase of random kinetic ere 
lational potential energy®. The criterio 
which, following Miller?, is a schemat 
of the random kinetic energy and Bol 
not approach a limiting value. The app 
distribution towards a Maxwellian one i $ 
instability of the Maxwellian distributions then: 
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Fig. 1 The monotonic increase in mean kinetic en 

particle, Er and the monotonic decrease in Bolz 
The size of regions b and c may be much smaller i re: 
The line between regions c and d represents Maxwellian. 
distributions (2E,dH=-—3Nd£,). Region d co 
allowed distributions. The solid circles represent fe 
distributions at time ¢ and the arrows show $ 
evolution of H and Ex from these points. Regi 
by the usual relaxation of H because of weak bin 
Region c is dominated by the kinetic er 
associated negative potential energy produc 
also decreases there, primarily because of ine 
in velocity space as a result of the heating. The 
region b is less rigorously established, and the 4 
been shown to have boundaries independent of m 
the velocity distribution other than Hf and £s. lt has 
been shown that dF&i/dr>0 even in region 4, and re 
dH/dt<0 holds everywhere, at least over a period of time, 


The Maxwellian is unstable because of distortions associated 
with the creation of spatial order (ref. 7, and M. J. H. 
not yet published). This could be crudely 





described as a dissi- 
pative ‘flow of entropy’ (and of energy) from spatial co- 
erdinates to velocity coordinates. Some local order in velocity 
space develops and is maintained as a byproduct, in spite of 
the increase in overall dispersion of the velocities. 
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Sound wave modulation of auroral X rays 


CA UNIQUELY intense pulsation of auroral-associated X rays, 
followed a solar cosmic flare in September 1966 and was 
detected by scintillation counters on a balloon platform at an 
altitude of about 32 km (ref. 1). The X rays were strongly 
modulated with a period of 4-6 s. Figures | and 2 show a portion 
of the amplitude-modulated intensity, the ratio of intensities in 
„two neighbouring energy channels, the power spectrum for the 
X-ray intensity ratio, and the spectrum of intensity variations in 
the lower energy channel. It can be seen that the X-ray spectrum 
hardens as the pulsations grow and then softens with the 
“subsequent decay, and that there are two peaks in the X-ray 
power spectrum. 

~All these features can be interpreted as an interaction between 
atmospheric sound waves and a uniform flux of X rays: the 
-intensity modulation results from an atmospheric variable 
density absorber formed by the sound waves, the energy 
dependence of the modulation derives from the energy depen- 
dence of the X-ray absorption cross section, and the two peaks 
in the power spectrum are possibly a result of the ducting 
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-U Fig. La, Variations in the N(25-50 keV)/N(50-73 keV) ratio and, e 
© b; N(25-50 keV) intensity for four consecutive peaks in a 
modulated auroral X ray event, from Brown and Weir’. e 

(J @ 





D 








model atmosphere, 

Figure 4 shows the dispersion curves computed by Pfeffer 
and Zarichney? for some of the shorter-period, ducted, acoustic 
modes. An outstanding feature is the double set of plateaus, 
a plateau being a region of minimal dispersion—a frequency 
domain in which wave packets can be formed, propagate and 
retain identity. At the shorter periods the plateaus alternate 
between group speeds of 270 and 293 m s~, the sound speeds 
in the upper and lower ducts. The mean ratio of periods of 
neighbouring plateaus, averaged over the third to eighth 
modes, is about 1.35 (the ratio of the larger central period to 
the subsequent smaller central period). 

The cause of the alternating plateaus, which occur when two 
partial ducts have a common pressure node at their interface, 
can be understood from the work of Tolstoy*. He shows that 
approximate eigenvalues for the entire duct can be represented 
by a lattice of points resulting from the intersections of resonant 
and antiresonant eigenfunctions for the partial ducts. considered 
separately. The dispersion curve, for the solution of the com- 
plete duct, passes through a subset of the lattice points, and as 
the curve passes from one lattice point to a neighbouring one, 
most of the energy transfers from one partial duct to the other. 
if the ducts are excited by an impulsive source, the lattice 
points acquire the role of coupling f requencies which become the 
centre frequencies of the principal wave packets. 
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Fig. 2 Power spectra for the X ray intensity ratio N(25~50 


keV)/N(50-73 keV). - - ~, Intensity variations in the energy range 
25-50 keV. (From Brown and Weir’, 1646.00 to 1649.30 UT.) 


in the present case, the lattice points are an ensemble of 
virtual oscillators with a phase volume so severely restricted 
that they can be regarded as quantised in period between two 
levels of group speed (Fig. 4), Such an ensemble, when im- 
pulsively excited, will propagate two or more wave packets at 
group speeds of 270 and 293 ms 1 and the power spectrum of 
the packets will have two or more peaks. The ratio of the 
frequencies of sequential peaks, as well as the ratio of the 
bandwidths of the peaks, is determined by the ratio of the 
effective widths of the partial ducts which, for the ducts shown 
in Fig. 3, is 1.35. 

Now the ratio of the periods at which maxima occur in the 
X-ray spectrum is 1.38 and the ratio of the half widths of the 
two maxima is 22°,/16°%, or 1.37. These numerical correla- 
tons” between X ray and ducted sound wave spectra, can be 
taken4s a first suggestion that the X-ray spectrum has.a sonic 
origin. I assume that an upward-looking X-ray telescope, on 
a balloon platform in the lower duct, will detect modulations ~ 
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of X rays by sound waves in the lower and upper partial ducts 
and that the spectra of the modulations will image the sonic 
spectra. 
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Fig. 3 Sound speed profile based on a COSPAR model atmos- 
phere. Superimposed atmospheric ozone profiles are from 
Bojkov® and Mitra”, 


I shall now consider the magnitude of the sonic condensation 
required to produce the observed X-ray modulation. Let 
B, be the average X-ray intensity at the height of observation, 
then the instantaneous value of the intensity, which varies due 
to change in absorption, will be 


f} 
B = B exp(— f čup dz) (1) 

Zo 
woe p is the ambient atmospheric density, the condensation 
& is dp/p, and p, is the total X-ray absorption cross section in 
cm? gu!. I take p = py exp[—{z—z,)/Hy], assume E and py 
independent of altitude and integrate equation (i) to obtain 


& = — flog B/B] [t:00 H.) (1 ~exp— (21--Z9)/Hy)]~! (2) 


where p, and H, are the density and scale height at z, the balloon 
altitude, and z, is the height of the top of the lower duct (50 km). 
To evaluate equation (2) a weighted mean cross section is 
the energy interval 25-50 keV must first be computed: 
50 


fi, = a VHI J f vdE (3) 


where the weighting function, y = > expf[(25— E)/13], ise based 
on the e-folding value of 13 keV Szeva by Brown ang Weir. 
Using the total cross sections in nitrogen given by Siegbahn‘, 
equation (3) is numerically integrated to obtain pt, = 0.0311 
cm* g~, I determine the ratio BIB, = = 1.25 from the modula- 




















tions shown in the lower part of Fig. 1, define t 
terms in equation (2) for a COSPAR model atm 
find that the X ray modulation w 
wave condensation ë = 0.0835; ho 
this result for the finite angular wi 
not only to obtain a more accurate cor 
internal consistency by comparing ape 
observed percentage modulation, = 

The aperture width is 26.5° about 
private communication). I use vertic 
wavelengths of 4.5 and 1.6 km to recon: 
the experiment and integrate, graphically. 
of the aperture to obtain an efficiency of 57° 
determination, it is trivial to include a sinusoidal 
condensation in the integrand in equation (1) } : 
modulation results principally from oblique alignme 
condensations, much as trees are obliquely aligned in a: 
I include, however, an obliquity correction for a sli 
in the effective value of scale height. The compute 
compares well with the observed modulation, . 
from the observation shown in the lower part 
efficiency of 57% implies that the condensati 
produce the modulation is 14.6 p 

If the ducted disturbance is regarded as the 
two obliquely propagating wave trains, 
condensation in each is a half, or 7.3%. A co 
magnitude at 50 km altitude corresponds to 
level, or a pressure disturbance of 27 ¢ 
surprisingly large but not unusual. 
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with aurora for many years®. 
Can a condensation of 14.6% also igi 
pendence of the E intensities ? oe 
















50-73 keV. The negative sign ce ne the ductu: 
are out of phase with the density variations, which is con 
in Fig. 1. Taking the ratio N,/Nz to be the average 
in the top of Fig. 1 and the remaining paran 
before, I find that a 14.6% condensation will ca 
in the ratio of X-ray intensities of d(N,/Neg j= 
again included a small obliquity correction for 
height. This result compares well with the 
value of 0.475 (in Fig. 1, half the difference bets 
and minimum values of N,/Ne in the first half ¢ 

One additional aspect of the X-ray event can 
as sound wave modulation. Brown and Weir note: f 
first part of the event contains the 4-s peak and that g ë 
of the event the dominant period abruptly changes. : 
The time difference between the first and — paris 






















speeds, then an elementary formula, Poss 
that the interval between the two parts of the & 
attributed to the difference in propagation speeds in 
channels from a source at range 362 km. oa 

These sound modulation calculations are also ap 
for that portion of the event which shows modulati 
teristic of the upper duct, since modulation that ace 
elevated layer is invariant to subsequent, lower level a 
The upper duct, is however, in a more rarified pat 
atmosphere and larger condensations would be r 
predict the observed modulation. I am inclined to ass 
energy in the upper duct extends to or just beyond the. 
boundary, and, that greater condensation is not 
because modulation occurs at a level near the balloon ¢ 

When the X-ray observations were made (Sept er 3, 
1966, Fairbanks, Alaska, latitude 65° N) the atmosphere wis 
not appreciably different from the reference atmosphere usec 
here. Measurements at 5, 2 and 0.4 mbar, corresponding to 
hefghts of abput 32, 42 and 55 km, show that differences 
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ig. 4 “Machine-computed dispersion curves for ducted sonic 
“modes in a COSPAR model atmosphere, from Pfeffer and 
Zarichny®. ‘Plateaus’ are the nearly constant speeds at peaks 
and troughs. 


' $o for a single, especially clear event, it seems that a uniform 
X-ray flux is density-modulated by ducted atmospheric sound 
waves. This does not imply, of course, that the X-ray fluxes 
associated with aurora are always uniform, nor that all X-ray 
ulsations are the result of modulation by sound waves, ducted 
or unducted. 

_ There is substantial evidence that ducted sound waves in the 
“upper atmosphere result from volcanic explosions and other 
iatural causes, as well as from nuclear detonations. Baker 
ind Davies’ report the detection of wave packets generated 
--pruclear detonations at can of about 7,000 km. They 
Jude that the ionospheric plasma is modulated by ducted 
ves, and the et in turn modulates transient 
‘radio waves. 
“If sound waves sometimes modulate X-ray precipitations and 
ionospheric plasma, other atmospheric phenomena may 
occasionally be similarly modulated. Little attention has been 
> given to the fluctuations which occur in atmospheric ozone 
-© density, possibly because of the use of the Dobson spectro- 
- photometer®, a device in which short-term variations are 
averaged. Recently Hering ef al” studied the fluctuations and 
concluded that a third to a half of the variance in total ozone 
content is a result of fluctuations in ozone density at altitudes 
of 11 to 15 km—the centre of the lower sound duct (Fig. 3). 
-I recall with pleasure conversations and correspondence with 
Dr Robert R. Brown. 
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Kaanis reported by Starr and Oort’ reflect changes which 
have occurred in the instruments, in the methods used at the 
observing stations to interpret radiosonde measurements, 
and from the setting up of new stations, rather than from 
real geophysical changes. 

Observations of the upper air are mainly made by 
measuring signals originating from airborne sensors. The 
measurements are converted into reports in conventional 
units by complex processes which incorporate corrections 
designed to reduce errors inherent in the system. For 
example, in some systems corrections are applied to the 
temperature measurements for the effects of lag and solar 
radiation on the temperature sensor, and to the pressure 
measurements for the effect of temperature on the pressure 
sensor. Different instrument systems and different conver- 
sion and correction techniques are used at different stations. 
Moreover, changes of instruments and techniques are 
introduced piecemeal. The practical effect is that, effec- 
tively, different absolute standards are brought into use. 
Thus, although the units are all called by the same name 
they have some of the properties of “floating” international 
currencies in that both their international exchange rates 
and their apparent relation to materials vary with time. The 
changes are partly because of gradual improvements in the 
quality of techniques for observing the upper air, which are 
taking place at different rates in different parts of the world. 
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Fig. 1 Deviations of individual values of monthly mean 
1,.000-100 mbar geopotential thickness from 6-yr averages 
of the same named month from April to August. a, Crawley 
at 0OZ relative to OOZ averages 1958-63; b, Crawley at 
'27 relative to 00Z averages 1958-63; c, Gibraltar at 00Z 
relative to OOZ averages 1938-63; d, Gibraltar at 12Z 
rélative to 00Z averages 1958-63; e, Gan at 12Z relative 
to 127% averages 1960-65, Equivalent temperature ` ‘scales 
for uniform temperature change with ‘height are on the 
right. A, April: M, May; J J, Jane July; Au, August. — 
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The most important changes have been aimed at reducing ` 


the effects of balloon wake, solar radiation and lag (in a 
temperature lapse environment), all of which give reading 
which are high relative to the true air temperature at the 


level. The net effect of the changes has, therefore, usually | 
been to lower the temperature reported in conventional < 
units relative to that which would have been formerly 
reported. The introduction of new stations using observing 
systems different from those of the pre-existing stations can 


have similar effects on areal analyses. World events such 
as the IGY 1957 und the LOSY 1964-65 tend to stimulate 
such changes. Water vapour mixing ratios are calculated 
from the measurements of pressure, temperature and rela- 
tive humidity, Consequently, even if relative humidity 
measurements do not change, apparent changes in air 
temperature are associated with apparent changes in 
humidity mixing ratio. 


Geopotential meires 





Fig. 2 Twelve-month averages, May to following April, of 

individual deviations of monthly mean 1,000-100 mbar 

geopotential thickness from the 6-yr averages of the same 

named months. Letters as in Fig. 1. Equivalent temperature 

scales for uniform temperature changes with height are on 
the right. 


Changes such as these invalidate a straightforward 
geophysical interpretation’ of the trend in temperature and 
humidity mixing ratio for the Northern Hemisphere. 

Between 1958 and 1963 changes introduced into British 
radiosonde practice are likely to have had little effect upon 
the systematic errors of measurements from British con- 
trolled stations up to 75 mbar. Examination of quantities 
such as the monthly mean 1,000-100 mbar geopotential 
thickness for ramed months (preferably in summer) at such 
stations situated where Starr and Oort’ (Fig. 3 of ref. 1) 
“indicate a material trend in the vertical mean mass-weighted 
temperature, should serve as a direct check of the Validity 
of a geophysical interpretation of their result. The 
000-100 mbar geopotential thickness is a sensitive 






_ measure of vertical mean height-weighted temp 
a decrease of 1° 











Hs with altitude (as for the most part indicated by $ 
Oort, Fig. 2) a change of —1° C in the mass-weigs 




































C in temperature, uniformly d 
e vertical, is associated with a decrease of 67 ge 
etres (g.p.m.) in the 1,000-100 mbar geopotent 
ss. The relationship between vertical mass-weighie 
mperature and 1,000-100 mbar thickness depends. + 
distribution of temperature change with altitude. 1, 
ywever, negative temperature changes tend to mercas 








temperature would correspond to more than the = 
in $,000--100 mbar thickness associated with - 1° 
uniform change of temperature with altitude. 

A check has been carried out using data for mds 
Bare for Crawley (S1°N 00°W), aT (36° 
and Gan (O1°S 73°E). Starr and Oort int > tre 
to —1° C in the vertical mean mass-wergnt 
between 1958 and 1963 at each of these st: 
the series showed only minor variations _ 
(Figs 1 and 2). Whether or not the last poi 
considered, the evidence indicates that n 
in the average atmospheric temperature ot 
figures the mean values of 1,000-100 mbar 
in Gibraltar are systematically lower than : 
at OOZ. This contrasts with the result frorn 
is a real result it implies that the atmosp 
is a little colder near noon than near 
from differences on the 12Z soundings. 
in the mean albedo underlying the sondes 
albedo was assumed to be 0.4 for solar re 
techniques. When, as often happens at G 
the albedo actually experienced by the s 
ings was less than 0.4 there was an overs 
radiation effects.) It illustrates one of. 
measured in the upper air and reported in i 
units can apparently vary in an unreal manner. 

Using Gan as a new Station with soundings which » 
temperatures systematically lower than those of | 
radiosondes, will probably have the effect of red 
analvsed temperatures within its area of influence rel 
to those indicated before Gan was used. 

Similar apparent changes (mainly DA ” ihe 
mean temperature of the upper air and associated chan 2 
in mean humidity-mixing ratio can be expected in somes a 
regions long after 1963. 
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Drs SrarR AND Oort RerLy: Hawson’s contention 
local changes in instruments and in the method of 
the data would explain the downward trend in P 
mean temperature seems ite ole stage These | 


ee in he analyses. In our oe of more thins 
upper air stations, however, the instruments and pre 
between different countries vary so widely that the 
systematic changes are more compatible with the i 
pretation of a real S-yr trend. 

Furthermores the computed values at ovr lowest : 
(1.000 mbar) agree well with those computed from su 
records'. Neither set of data shows any appreciable * 
temperature trend close to the surface. As the indepe 
ebservations' were made with the aid of surface instr 
ments which, presumably, are not affected by the radiation 
corfections mentioned “by Hawson, the agreement suggests 















rom 6-yr normal for lower 


Temperature de n 
cs a here (Dronia) 


half of atmosp 


© 1958. 1959. 1960 1961 1962 1963 
CBON  —0.14 0.76 0.36 0.26 —0.29 —0.94 
-70N = —0.22 0.38 038 —011 —0.12 —0.32 
60N 001 011 —0.09 0.01 —0.04 0.01 
50N. 0.25 —0.05 —0.35 0.25 —0.05 —0.05 
40°N 0.17 0.08 0.08 —0.02 —0.12 —0.22 
300°N 018 008 0.28 —0.28 —0.12 —0.12 
WN 039 0144 0.14 —0.31 —0.21 —0.16 


*May, 1958-April 1959, May, 1959-April, 1960 and so on. 


tbat these factors do not play an important role in the 
-~ upper air data which we used. 

-> Hawson’s data points, together with our values for the 
nearest grid point, are reproduced in Fig. 1. (For practical 
asons it was not possible to extract the data at exactly 
e same location.) The two sets of data are in reasonably 
agreement in spite of the smoothing introduced by our 
‘objective scheme of data interpolation. The trend at each 
rid point is evidently small in comparison with the back- 
ground ‘noise’ from natural variability. This supports the 
view that significant results cannot be expected from the 
study of only a few months of data for a few selected 
oints. Large areas must be considered before possible 
limatic trends can be delineated. 
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-2 July January July January July January July January July January 
1958 1959 1960 1961 1962 


Fig. 1 Temperature deviations (00Z) from the normal 
: annual cycle during the period May 1958-April 1963 for: 
=o. a, Crawley (51.0°N, 0.1°W) trend=1.0° C every five years; 
pb, Gibraltar G6.1°N, §.2°W) trend=0.0° C; c, Gan 

(0.4°S,.73.1°E) trend=0.5° C; short-dashed line-segments, 
according to Hawson; full line deviations at the nearest 
grid points in the present analysis (52.7°N, 0.0°W; 33.9°N, 
52°W and 0.4°S, 73.3°E, respectively); linear trend lines 
computed from the present data. (Our earlier map showed 
a trend of about —1° C every 5-yr in Gibraltar. This was 
because of a minor inaccuracy in the drawing of the 

isolines.) 


Dronia? has studied a large set of mean thickness maps 
of the 1,000 to 500 mbar layer of about 50% of the 
geographical area in the Northern Hemisphere, This thick- 
ness is a measure of the vertical mean temperature in the 
lower half of the.atmosphere. Our result§ are in excellent 
agreement with Dronia’s results (Table 1) in spite of 
differences in data reduction and analysis ,procedures. 
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Percentage of 
latitude 
circle included 








Temperature. deviation from 5-yr normal for mass 
between surface and about 18 km (present authors). 
Entire latitude circle is included in computation 
1958-$9* 1959-60* 1960-62* 1961-62* 1962-63* 





100 ~~ 9.06 0.54 0.24 ~0.26 0.46 
100 --0,.10 0.30 0.30 —0,10 —0.40 
100 0.06 0.06 0.16 — 0.04 —0,24 
89 0.14 —~ 0,06 —0.06 0.14 —0.16 
56 0.22 0.02 -0.08 0.02 —0,18 
47 0.28 0.08 -0.02 0.02 —0.22 
28 0.40 0.20 0.10 ~0.20 —0.50 
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Frictional constraints on thrust, wrench and 
normal faults 


It is generally true that in ancient fault zones, quartzo- 
feldspathic mylonites which indicate partial plastic yield 
throughout a volume of rock!, are most extensively developed 
in association with thrust faults. They are less widespread along 
wrench faults (unless the finite displacement is very large) and 
are comparatively rare along normal faults”. The release of 
seismic energy at shallow depths follows the same general 
pattern. More than 90% is released in areas of compressive 
plate interaction, mostly where underthrusting is the dominant 
mechanism, whereas only 6% is derived from the midocean 
ridges, where tensional rifting is operative’. 

The analysis presented here, which accounts for these 
observations at least in part, quantifies a suggestion put 
forward by Anderson? It is applicable to any existing fault the 
behaviour of which is approximately governed by the linear 
frictional failure criterion 

tT > Tr = HOn 
where t is the applied shear stress, tẹ is the frictional shear 
resistance, u is the coefficient of static friction, and On is the 
normal stress across the fault. This will include faults made up 
of discrete planes and also low cohesion crush zones which can 


Earth's surface 





Fig. 1 Stresses around a fault zone at a depth z in the crust. 
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Fig. 2 Minimum ratio of principal stresses (R’) required to 
initiate sliding on a piane with coefficient of static friction, p. 


be treated as granular aggregates of quasi-elastic rock particles‘. 


(in fact, the addition of a low-value term for intrinsic cohesion 
across the anad will not Tie affect the outcome of this 





Wrench 





Fig. 3 Anderson’s dynamic classification of faults. 


the principal stresses as 
(,6--63) sin 20 = uio +04) — (01—64) cos 28] 
and putting R = o,/o3, 


R = [sin 20+ (cos 20+ 1)]/[sin 26+ (cos 20—1)] 


is given by 


= ee ae | 
(see Fig. 2) and occurs ee when o, is at an angle 





i stresses needed to initiate sliding will be greater. 


A 05, 1.0 1.5 





fault. The condition for sliding may be rewritten in terms of the 


By differentiating this expression and putting dR/d0 = Q, it is 
found that the minimum value of R required to initiate Sliding 


























































; 6, = 4tan*(i/p) 
to the fault. At all other orientations, the ratio: of 


Thus, in general, the limiting condition for frictional 
o, > RG, 

or (0103) > (R'— Ie, 
Typical crustal rocks will have a static frictional c 
jt, of about 0.75 (refs. 4 and 5) and therefore K s4 at 
corresponding value of 9; is about 27°. 

It has been shown? that many geological faults fa 
classes termed thrust, wrench and normal faults th 
of which can be explained dynamically in terms of th 
Coulomb failure criterion (t = to + Hid,: where — 
cohesion and p; is the ‘internal friction’ of the r 
assuming that one of the principal stresses is verti 
other two lie in a horizontal plane (Fig. 3). When 
forms, it does so at an angle 6, to o,, where 8; 
In most cases 6, will not differ greatly from. a, 
angle for frictional sliding. 

The effective overburden pressure at a depth, 7 
is given by 

oy = pgz{l-—-A) 

where p is the crustal density, g is ihe ac 
gravity, and the pore-fluid factor A = 
pore-fluid pressure. 

Thus, in a thrust fault regime, where o, = @ 
inequality for frictional sliding ts 

(o,—c0,) 2 (R — pezi — A} 

In a wrench fault regime, o, = Oa and öy" 

in the form | 





Og = Og KAO -Gal 
In this case, the i 


hisi, i 


where 0 < k < I. 
frictional sliding is 
(01—03) 2 Boa 
and if o, = (o,+03)/2, (that is, k =- 
{o,—0,) > [2(R"— DARS + TH pe: 
In a normal fault regime, where oO, : 
inequality for frictional sliding i is 
(01—603) > [RIR] pez’) 
Thus at a given depth, z, and pore-fuid factor, 4 
differential stresses required to initiate sliding ¢ 
(k = 4) and normal faults is, respectively 
(RIAR IRI UR 5 
and if R’ = 4(p = 0.75), the ratio is 41.677 | 
as k varies from 0 to 1, the minimum differen 
for wrench faulting increases from that 7 
faulting to that needed for thrust faulting 
The expression for the distortional elastic st 
unit volume can be written in the form 
Eg = ((o,--0,)7/66] 1-k +k?) 
where k is as already defined and G is the rigidity modulus. 
Clearly, if R’ is again 4, and for identical 4 values, the volume. 
density of distortional strain energy stored at the s same ¢ d 
i thrust, wrench and norma! faults respectively GH 
== 4) just before slip, is in the ratio 16: 2 
sere tebe with thrust, wren and t norma 





are not solely consed by: mance areas of fone be 
lithospheric plates as has been suggested, but are to 
extent a consequence of the different stress regimes asst 
with the three t#pes of plate boundary, Tius TED 
course dependent on the assumption that the 
quake mechanjsm is indeed a process, such as gtiek-si 
is controlled by friction. 

Assuming that there is some upper lr 
bove which it is easier for rocks to 
distributed shear throughout a volume 
sliding on a plane’, then the critical 











(a 4-0) (kbar) 
5 


9 
Ñ 05 L0 409 
f ; 
e L 
43 
10 b 
Č 
15 


i 


faults (©, against depth in the crust. (p = 2.8 x 10" kg 
m8: g = 9.8 ms™7;, p = 0.75; 0; = 277.) 


to plastic yielding will be in the ratio 1:2.5:4 around thrust, 
wrench (& = 4) and normal faults respectively, if temperature 
effects are neglected, R’ = 4, and à remains the same through- 
out. This explains rather well the observed distribution of 
mylonites in fault zones. 

Absolute values for the shear stress within crustal fault zones 
are thought not to exceed a few hundred bars*:’. It is therefore 
unlikely that the associated differential stress will exceed 1 kbar 
at the very most. If this is so, it is apparent from Fig. 4 that 
high pore-fluid pressures are an absolute necessity if faulting 
(especially thrust faulting) is to take place by frictional stick- 
slip to a depth of 20 km or more’. This condition is most likely 
to be maintained in the forefront of island arcs where ‘wet’ 
sediments are thought to be continually dragged down by the 
underthrusting process. With large wrench fault zones, it is 
hard to escape the conclusion that water must be continually 
injected into the zones from the deep crust or upper mantle, at 
pressures considerably greater than the hydrostatic head. 

I thank Dr N. J. Price for many helpful discussions. 
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Marscoite and the origin of andesites 
THE present communication points out certain discrepancies 
between the arguments of those who dispute a contamination 
origin for andesitic lavas and the evidence provided by one 
specific and well documented example of contamination. 

Green and Ringwood! have suggested a model for the primary 
derivation of andesite from mantle rocks, which relies 
heavily on the fact that andesites have low ‘mantle-type’ 
‘7Sr/Sr ratios, which cannot be explained by “theories involv- 
ing melting of sialic material in orogenic zones, or the con- 
tamination of mantle-derived basalt magmas with sialic 
material’. Mainly on this basis, they propose a model of mantle 
derivation. 

in a study of Quaternary lavas from the Cascade range, 
Peterman ef a/.2 come to a similar conclusion using two main 
arguments. First, that the low ratios of around 0.7032 for 
s7Sr/56Sr are very similar to those of the accompanying basaltic 
rocks and “suggest a mantle origin” (see Table 2); second, that 


“the extremely high Sr contents of the andesites . . . indicate 
that these rocks could not have been formed by... mixing of 


basaltic magma and greywacke or partial fusion of greywacke.”’ 
This is seen from Table 2, and in Peterman’s Fig. 1, which show 
that mixing of reasonable ratios of basalt and greywacke to give 
the major element composition of andesite would result in a 
rather lower Sr content for the hybrid than is actually seen in 
andesites. 

I believe that both arguments can be answered by evidence 
provided by Moorbath and Bell? in their study of strontium 
ratios in igneous rocks from Skye. At the classic locality of 
Marsco, Wager et al* have shown that marscoite results from 
the mixing at depth of a ferrodiorite magma, which they believe 
to be a differentiate of the Cuillin intrusion, and a porphyritic 
felsite magma. 

Marscoite shows several analogies with the presumed manner 
of andesite generation by contamination theories. Both 
chemistry and mineralogy (Table 3) and the K-feldspar, sodic 
andesine, quartz and hornblende assemblage, indicate that it ts 
an andesitic rock. 





Table 1 Geochemistry of Marsco rocks 
Range of Average Average Average» 
Rock type aSr/*Sr 8 Sr/ Sr Rbip.p.m.) Sr(p.p.m.) 
Ferrodiorite 0.7112-0.7133 0.7123 47 256 
Marscoite 0.9124-0.7139 0.7129 78 238 
Felsite 0.7123 «0.0020 0.7213 113 15 


ct Lt 


The most noticeable difference is that the MgO/(FeO-- MgO) 
ratio is 0.173 in the marscoite and 0.443 in the hornblende 
andesite, this may be partly because whereas andesite, on the 
contamination model, is assumed to have a basaltic parent, 
marscoite has a more differentiated tholeiitic parent, which 
would be expected to impart a lower Mg/Fe ratio to a hybrid 
derived from it. 

The acid parent of marscoite, porphyritic felsite, has a very 
high *?Sr/*6Sr (Table 1) ratio which is typical of rocks derived 
by partial melting of crustal material (probably Lewisian in this 
case). The mixing of ferrodiorite and porphyritic felsite magmas 
is therefore analogous to the presumed contamination model of 
andesite in which basaltic magma mixes either with crustal 
material or with liquids produced by partial melting of such 
material, and as the analyses show, the Marsco case at least 
produces an andesitic rock. In addition, Carmichael* has 
citedevidence of magmatic mixing in dacites from the Cascade 
Range, and considers that it is equivalent to contamination. 

With reference to Peterman’s two main arguments against 
the contamination origin, two statements from Moorbath and 
Bell are pertinent (see Table 1). 








Bist, “a mixture of 60 parts ferrodiorite and 40- parts : 
h oneris felsite’’ (which is the ratio suggested by Wager et al.4 
3 as necessary to give the observed major element composition of 


marscoite) “would have an initial *’Sr/**Sr ratio of 0.7127, 
which is still within the limit of error of both the ferrodiorite 
and marscoite. In spite of the fact that the initial *’Sr/**Sr ratio 
of the porphyritic felsite is considerably higher than that of the 
ferrodiorite, the ratio of common strontium (porphyritic felsite/ 


_ ferrodiorite) was presumably too low to affect the initial ratio of 
_ the ferrodiorite significantly when the rocks were mixed in the 


above ratio”. Second, “a mixture of 60 parts ferrodiorite and 
40 parts felsite would have a Sr content of 60 parts per million 
(p.p.m.). This is considerably lower than the value observed for 
marscoite and suggests that marscoite contains an excess of 
common strontium from some extraneous source.” 

The implications of these statements can be summarised thus: 
Marscoite shows clear evidence of being a hybrid of a basic and 
an acid magma, and has the same isotopic composition, within 
experimental error, as its basic parent; andesites, petrologically 
similar to. marscoite, have the same isotopic composition as 
basalt. The hybri origin of andesite is, therefore, not precluded 
by this. strontium ratio data. The data on Sr concentration for 
marscoite an resumed parents are inconsistent, and so 
these data ca eclude a hybrid origin for andesite, particu- 
larly as the. UORIStENCY is in the same direction for both cases. 

















l “Fable 2 enchen of Cascade rocks 





Range of 


Range Range 
Rock type sirr Rb (p.p.m.) Sr (p.p.m.) 
Olivine basalt 0.7032-0.7039 6.6-22 200-501 
Pyroxene andesite 0.7029-0.7030 31-35 i ,390~1,490 
Hornbiende andesite 0.7032. 17 1,300 - 
Greywacke 0.705-0.708 Not given About 200 


The present analogy has its weaknesses, such as the great 
difference in. tectonic setting between marscoite and circum- 
Pacific andesites, and there is not the same paucity of Sr in 
Peterman’s greywackes relative to olivine basalt as there is in 
the porphyritic felsite relative to the ferrodiorite (Table 2). This 
is, however, somewhat countered by the simultaneously smaller 
difference i in the *’Sr/**Sr ratios of the Cascade basalt and grey- 
wacke, so that the increase in Sr ratio produced by contamination 
imited, but from another quarter. A similar 60/40 
ratio of basalt and greywacke, each with 200 p.p.m. Sr, 
would produce a hybrid with a ratio around 0.705, that is, only 
0.001-0.002 higher than the basalt. 

In order to test this argument further, rather more precise 
data on the Marsco occurrence are necessary, and it may be that 
the accurate methods now available will allow the detection of 
the small (0.01 %2) contribution of the porphyritic felsite to the 
strontium ratio of marscoite.. 

_ The ‘extraneous source’ of strontium would seem to be the 
main obstacle in the path of further application of this argument. 
Moorbath and Bell? state that the extraneous strontium could 
not have had a crustal origin, and this reflects favourably on 
the argument applied to the Cascade results, because it would 
not then be expected to alter the andesite ratio significantly, 
assuming that this is the reason for their high strontium contents. 








P E 
Table 3 Chemica! analysis of marscoite and a typical hornblende 





andesite 
Marscoite? Hornblende andesite? 
SiO, 60.07 61.5 
Al,O ” 14.22 14.98 
FeO, AN 1.51 
FeO 6.65 4.05 


MgO 1.39 3.22 
4.56 
4.02 3.59 
275 2.80 






would add greatly to the understanding of this pro 


el.arge areas of continental crust are underlain 
























Further data on other cocurrences of known h 


meantime I suggest that the arguments against 2 oo 
origin for andesite through strontium isotopic work ¢ 
means as watertight as many papers seem to imply, 
This article was written during a final year degree co 
the University of Cambridge, and I thank member 
Department of Mineralogy and Petrology, particular 
Muir, for support and discussion. 
N M S 
Department of Mineralogy and Petrology, 
University of Cambridge, 
Downing Place, 
Cambridge CB2 3EW, UK 
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Possible thermal explanation o 
Archean and Proterozoic geo 


Tue Earth underwent a remarkable cha 
at the Archean-Proterozoic boundary 
intruded by granites dominate the geol 
about 2.5 x 10° yr ago. After that tin 
greenstone belts were formed, and 
characterised by high-grade metamorph 
first appearance. | 

A typical Archean greenstone 6 
characteristics. Early volcanic activ 
from ultramafic to mafic, implyi 
degrees of partial melting of the und 
of volcanic rocks becoming progressi 
calc-alkaline differentiation trends © 
flows. Clastic sedimentary rocks ar 
bedded with the volcanic rocks, but pi 
the top of the pile which can reach a 
100,000 feet (ref. 1). Diapiric granite plutons: € 
stone belts which are often preserved only as d 
between the plutons. Structures within the greer 
and granitic rocks indicate that they were de 
vertically acting forces. The rocks show only | 
metamorphism typically in the greenschist facies, 
locally amphibolite and granulite grades are rea: 
areas of platformal sediments are lacking i 
terrains. 

In contrast, the Proterozoic terrains show a ¢ 
sion into mobile belts and platforms. The mobile. 
long linear features characterised by high grade f 
of pre-existing rocks as well as of newly depo: 
Deformation is intense and complex with fle 
predominating. Transcurrent dislocations characte 
Proterozoic mobile belts. In short, the Proterozoic r 
belts are more similar to Phanerozoic orogens than a 
Archean greenStone belts. 

The contragts between the Archean and 
regimes are g¢ommonly attributed to a thin A 
crust’. But there is evidence to show that í 
crust may have been as thick as that of the » 


x 10° yr old, or older, yet today many of these. ; 
sidlic crust of normal thickness. Either this was the Archean 






thickness or sial has been added to the base of the crust 
< since Archean times. Sial added to the base of the crust 
would cause isostatic rise of the continent and subsequent 
erosion, so that the gain in thickness of the crust would be 
substantially less then the amount of underplated stal. 
Furthermore, post-Archean isostatic uplift and subsequent 
erosion would expose rocks with lower K/Ar mica ages, 
so that Archean ages should not be preserved. We consider 
it much more likely that the continents have grown by 
lateral accretion since the Archean, possibly with their 
thickness being controlled essentially by sea level. 
Nevertheless, the differences between Archean and 

Proterozoic geologic regimes outlined above require an 

explanation, one which is consistent with the relative sharp- 

ness and worldwide nature of the change between the 
two. We suggest that an explanation lies in the thermal 
behaviour of the Earth. 

There is ample evidence to show that the Earth is 
= cooling’, presumably because of a decrease in heat produc- 
- tion by radioactive decay, and also degassing to form 

the oceans and atmosphere. The supposedly continuous 

nature of this cooling has perhaps obscured its potential in 
causing discontinuous geologic behaviour such as the 

Archean-Proterozoic transition. But a simple possible 
= explanation lies in the intersection of phase boundaries 
= and the geotherm. 

-. Figure 1 shows schematically the relations between 
=i geotherms which, as a result of cooling, would migrate 
downwards with time, and a hypothetical peridotite solidus 
which would be progressively higher with lower water 
pressure, that is, would migrate upwards because of mantle 
degassing. Partial melting occurs only when the geotherm 
“and solidus intersect, and the degree of partial melting will 
cbe proportional chiefly to the excess heat involved. Thus 
during the Archean, with a high geothermal gradient and 
high Pu,o, there would be melting over a wide Px,o interval, 
with adiabatic rise of numerous mantle diapirs probably 
in a random geological pattern though perhaps locally con- 
-. trolled by crustal fracture systems. This, along with lower 

< pressure differentiation under high Pu,o, would account 
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100 ! mantle diapirs 


A peridoute Dry peridoute 
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Archean—Proterozoic geotherm 


Fig. 1 Schematic relations between peridotite solidus at 
different water pressures, and geotherms at different times ° 
in a cooling Earth. Designed to show the nature of these 
effects but not precise temperatures er ‘vater pressures. See 
‘ext for further explanafion. (Modelled after Fit. 4 of ref. 5). 








for the wide range of both extrusive and intrusive magma 
compositions, as well as the geological patterns of the 
Archean greenstone beits. 

As the extent of intersection of the geotherm and the 
solidus is decreased as a result of cooling and mantle 
degassing, the degree of partial melting should decrease. 
One might thus expect to see a gradual change in magma 
compositions (a more restricted range and less hydrous 
nature) with time in the Archean. But as this process con- 
tinues there would be a rapid change of behaviour at the 
point where the geotherm and solidus no longer intersect, 
such as at point A in Fig. 1. Magma at this point would 
have a very restricted composition and with further cooling 
melting would cease. This situation is suitable to explain 
the nature of the Archean—Proterozoic transition. After 
this condition obtained there would be no further world- 
wide magmatism, since it would be restricted to local areas 
of perturbation of the geotherm or to pockets of high water 
content, Geothermal perturbations could result from 
adjustments of the lithosphere (possibly an early form of 
plate tectonics), thus accounting for the linear patterns of 
Proterozoic magmatism and tectonics, or possibly in zones 
of concentrated heat flux (deep mantle plumes) for which 
there seems to be little Proterozoic evidence. We suggest 
the former process and further suggest this as an explana- 
tion for the relatively constant tholeiitic composition of 
Proterozoic magmas. 

This paper arose from discussion with J. G. Thurlow, 
S. Swinden, and P. L. Dean. 
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Pseudo-holography using scattered X rays 


A MAJOR obstacle to the formation of images with scattered 
X rays is the lack of a suitable X-ray lens. Radiation at 
such short wavelengths is not appreciably refracted by 
matter, which means that a lens, in the optical sense of 
the word, cannot exist. To overcome this difficulty, a 
concept can be applied which has previously been used 
to form an image of sources which emit their own 
radiation rather than scattering radiation from another 
source. Basically. the concept consists of a two-step process 
in which the radiation is used to cast shadows of a coded 
aperture which are recorded on film. The encoded image 
is then decoded by one of several possible methods, depend- 
ing on the type of aperture used. This technique was first 
proposed for use in X-ray astronomy! and has been applied 
to imaging distribution of y emitters (refs 2-5, and 
H. H. Barrett, and F. A. Horrigan, not yet published). We 
have used a Fresnel zone plate as a coded aperture. This 
is by no means the only possible aperture, but it does offer 
some advantages over other types. The advantages involve 
primarily the ease with which decoding can be accomplished. 

The Fresnel zone aperture consists of concentric annular 
zones of equal area which are alternately transparent 
and opaque to X rays. Figure 1 illustrates its operation, A 
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Fig. 1 A, Apparatus used to form a shadow of the 
scatterers: a, X-ray generator; b, collimator: c, scatterers: 
d, Fresnel zone plate; e, recording medium. B, Formation of 
an image of the original scatterer: a, beam of coherent 
light; b, reduced hologram; c, image of point scatterers. 


point scatterer is placed at some position on one side of the 
zone plate. The scattered radiation field casts a shadow 
of the zone plate on a recording medium such as a sheet 
of X-ray film. The location of the shadow depends linearly 
on the position of the scattering point and on the distances 
between zone plate and film. The shadow, copied at a 
suitable reduction in size, will be a small Fresnel lens capable 
of focusing (by diffraction) a beam of coherent light to 
a point image of the original scatterer (Fig. 1B). The focal 
point of the Fresnel lens is dependent on the size of the 
shadow and thus on the distance of the scatterer from the 
aperture. For an actual extended object each point in the 
object will act as a point scatterer, producing its own 
Fresnel lens shadow and each lens will reproduce its 
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Fig. 2 A, Imaging system: a, X-ray generator: b., colli- 

mator; c, primary field; d, scattering object; e, zone plate: 

f, scattered field; g, shielding; h, X-ray cassette. B. @ptical 

reconstruction system: a, laser beam; b, spatial filter: c, 

transform lens; d, hologram; e, iris and shutter: f, telescope; 
g, image plane. 


547 


associated point scatterer independently of all of the others 
The superposition of the point images will yield an image 
of the extended scattering object, and because each plane 
of the object is at a different distance from the zone plate, 
it will focus at a different distance from the shadow 
transparency. As a result, the image will have three-dimen- 
sional information which can be viewed tomographically 
(plane by plane). 

The Fresnel zone pattern is familiar as the hologram 
of a point, and the optical hologram of an extended object 
can be thought of as the summation of many point holo- 
grams (Fresnel zones) formed by each point of the object. 
This analogy with optical holography implies that the 
complex shadows of the Fresnel zone aperture can be 
thought of as a pseudo-hologram of the scattering object, 
formed by shadowing rather than interference. Decoding 
can be thought of as the reconstruction of the actual 
scattered wavefronts. 

The imaging system is illustrated in Fig. 24. The primary 
source was a standard industrial X-ray generator with the 
beam collimated to a 3-cm circular cross-section and located 
about 30 cm from the scatterer. For most of the exposures 
the generator was run at a potential of 90 kV and a beam 
current of 5 mA for an average exposure time of 45 s. The 
zone plate had 30 zones with a maximum diameter of 
10 cm and a minimum width of 0.86 mm. It was used 
in the on-axis mode and positioned about 8 cm from both 
the centre of the scatterer and the film in such a way 
as to view the 90° scattered component. This configuration 





Fig. 3 The scattering object 


of the imaging system has theoretical resolution of approxi- 
mately 2.0 mm as determined by the relative position of 
the zone plate and the width of the outermost transparent 
ring. 

The opaque rings were composed of a lead powder and 
glue matrix with an aluminium backing plate comprising 
the transparent rings. The recording system consisted of 
an X-ray film cassette with high speed intensifying screens 
and fast film. The resulting transparencies were copied at 
a reduction of approximately 64: 1 and placed in the optical 
reconstruction system (Fig. 28). Light from the helium- 
neon laser was passed through a spatial filter to clean up 
the beam and then reconverged through the pseudo-holo- 
gram. The real image was initially very small and was 
therefore magfiified and focused on a high speed photo- 
graphic film packet on which it was recorded 

The scatteying object is shown in Fig. 3. The letters 
were made of aluminium, each approximately 25 mm high. 
18 mm wide and 6 mm thick. The aluminium support rod 


¿was 2.5 mm in diameter and the letters were positioned with 


lateral displacement 6 mm and depth separation 12 mm. The 
purpose of the depth separation was to demonstrate the 
La a 











Fig. 4 Reconstructed images of the scattering object (Fig. 
3) showing the three-dimensional capabilities of this type ol 
imaging: a, focused in the ‘P plane: b, focused in the 'S 


plane; c, focused in the ‘U` plane 


three-dimensional capabilities of this method of imaging 
and its effects can clearly be seen in the reconstruction 
Figures ĉa. b. and c show the reconstructed images. The 
effect is clearly demonstr&ted, with each 
reconstruction corresponding to a different image p 


tomographic 





ane 
lhe theoretical resolution of the system as calculated 
to be approximately 2.0 mm. This is clearly achieved as 
the dimensions of the centre of the ‘P’ are 4 mm by 6 mm 
lhe background appearing in the reconstruction Is caused 
by the undiffracted light through the pseudo 
holograms. Removal of the background will result® in 
a 


passing 
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higher quality images and can best be accomplished 
through the use of the zone plate in the off-axis rather 
than the on-axis mode. In the off-axis mode the undilfracted 
component and the image are laterally separated 

Che results of this work clearly demonstrate that the 
use of coded apertures permits imaging with scattered 
radiation of a very different character from visible light 
Although this particular work was done using scattered 
X rays. it is important that the technique is by no means 
restricted to that type of radiation. Indeed, similar results 
have been achieved in our laboratory with thermal neutrons 
Phe use of penetra- 


ting radiation is particularly interesting because Most ol 


scattering from hydrogeneous material 


information scatter from the 
interior of the object This allows those details of the 
object which are hidden from photons of visible wave 


lengths to be viewed. Such a capability could prove ver) 


the photons which carry 


useful in both medical and industrial radiography 

We thank Dr Thomas A. Wiggins and David Tilley 
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BIOLOGICAL SCIENCES 


Tight binding of RNA polymerase 
to rDNA genes in Æ. coli 


THE synthesis of ribosomal RNA (rRNA) in exponentially 
yrowing bacteria accounts for approximately half of the 
total RNA synthesis, although the ribosomal DNA (rDNA) 
venes make up only 0.3-0.4 of the genome’. Electron- 
microscopic observations’ and biochemical data! suggest 
that the frequency of transcription initiation on these genes 
is much higher than on any other part of the bacterial 
chromosome. If the sume enzyme is responsible for the 
transcription of all kinds of bacterial RNA, this difference 
in the initiation frequency might be due either to a specific 
regulatory factor or to the structure of the relevant inter- 
acting macromolecules themselves. If the latter were true, 
the DNA promoter sequence responsible for the initiation 
of transcription on rRNA genes should be more active 


than other promoters. This hypothesis is supported by the 
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discovery of preferential in vitro rRNA synthesis with. 


purified RNA polymerase in the absence of any external 
factor., 

Several attempts have been made to characterise the 
interaction of RNA polymerase with the DNA promoters. 
Conditions could be found under which RNA polymerase 
was bound only on distinct sites of the DNA of several 
simple DNA phages** and these sites seemed to be the 
promoters”. Fragmentation of DNA did not disturb the 
specificity of binding’. Kinetic analysis of dissociation 
observed at various ionic strengths revealed that the stabili- 
ties of these specific enzyme-DNA complexes were 
different’, T g 

The filter binding technique of Jones and Berg? as 
modified by H nd Chamberlin? offered the possibility 
for us to study the raction of RNA polymerase with 
fragments of the much more complex bacterial DNA. The 
easy and extremely sensitive technique of RNA-DNA 
hybridisation alloy s to differentiate between rDNA 
and non-rDNA fragments. We reasoned that if the rDNA 
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ily stable complex of 


Fig. 1 f Stable | ` RNA polymerase 
holoenz nd bacterial DNA. *H-labelled DNA from 
E. coli 600 (specific activity 14,200 c.p.m. peg! 


was sheared by passing it several times through an injection 
needle (No. 16) with syringe to get DNA fra gments of 
average double stranded molecular weight 12 x 10° as 
determined by gradient centrifugation in neutral sucrose 
density gradient’. “P-labelled A phage DNA was applied 
as molecular weight standard. In order to remove single- 
stranded ends from the DNA fragments 50 fg sheared 
DNA was incubated for 5 min at 37° C in 200 ul of 
reaction mixture containing 0.015 M sodium acetate pH 
4.6, 0.05 M NaCl, 1 mM ZnSO., 5% glycerol and 5 ug 
nuclease $, prepared from Aspergillus oryzae crude alpha- 
amylase™*, The reaction was stopped by the addition of 
lO wl M Tris HC! pH 8.4, to bring the pH to 7.0. RNA 
polymerase holoenzyme was prepared from E. coli MRE 
600 according to Burgess’® as modified by Nüsslein er al.. 
The enzyme synthesised 8-10% rRNA on total E. coli DNA 
template. 4.5 yg nuclease S,-treated “H-DNA was pre- 
incubated for 15 min at 37° C in 0.8 ml binding buffer’. 
Binding reaction was started by the addition of RNA 
polymerase. After an additional 20 min incubation, 45 pg 
unlabelled T; phage DNA was added to dilute out the 
dissociated enzyme molecules. During subsequent incuba- 
tion 100 yl aliquots were removed at the times indicated, 
diluted with binding buffer to 1 ml, filtered immediately 
' through Millipore HAMP 02500 (0.45 um) filters under 
2 cm of mercury vacuum, washed with 3 mi of binding 
buffer, dried and counted in a toluene base scintillation 
fluid. A blank (0.2-0.3%) representing the amoung of 
"H-labelled DNA retained by the filter in the absence of 
RNA polymerase were subtracted from all points. The 
amounts of RNA polymerase holoenzyme added were 
l ug @ 5035 A; 0.15 ug ©; 0.1 pex. 


' was prepared from £. coli MRE 600 growing on ur ; 





promoters are indeed more active, then, unde 
conditions which favour the dissociation of less + 
plexes, that is, at raised ionic strengths, the proy 
rDNA should increase in the bound fraction, provi 
fragments are of appropriate size. 

When “H-labelled Escherichia coli DNA was mixed 
highly purified RNA polymerase holoenzyme in g 
tion of 4.5:1 by weight, approximately 50% of f 
was retained on the nitrocellulose filters as DN, 
complex. On dilution with unlabelled homely 
heterologous T; phage DNA the filter-bound radio: 
rapidly dropped to 30% but the dissociation did # 
further (Fig. 1). The non-dissociated complex corre: 
to the highly stable complex defined by Hinkk 
Chamberlin". At a lower polymerase: DNA ratio 
tically all the enzyme molecules could be found im su 
highly stable complex. The proportion of “OMA i 
highly stable complex was approximately the à . 
total DNA. If, however, the ionic strength 
was increased, the complex progressively d 
2) and the amount of DNA retained on the f 
The rDNA content of the filter-bound DN/ 
proportional to the total amount of DNA & 
In order to prove that in DNA-RNA pol 
observed at different ionic strengths the 
to specific regions of DNA (that is, to p 
tion experiments were repeated in the p 
which inactivates free and non pre 
polymerase’’*. Heparin destroyed a fra 
DNA complexes and the rDNA enrich 
and salt-resistant complexes was more f 
1). Our results do not prove that the. 
an exclusive property of rDNA p 
of the magnitude of rDNA enriel 
size of fragments it is obvious that 











































Table 1 Tight binding of RNA pi 


Salt-resistant fraction Without kepar 


M (NH,).SO, *H-DNA rD? 
retained coni 
(¢.p.m.} (%) 
0.0 (control) 7,030 0.3 
0.125 3,630 0,79 
0.250 1,350 1.87 
0.375 590 4.26 
0.500 370 8.45 


































14 ug “H-DNA (average double-stranded molecular 
12 x 10°) treated with nuclease S: as described in Fig, 
preincubated in 0.8 mi binding buffer for 15 enn at- 
Binding reaction was started with the addition of G6 gg 
polymerase holoenzyme. After 20 min binding 

heparin (1 mg miu’) was added and 10 min later d 
was initiated with ammonium sulphate. To measure t 
of salt-resistant enzyme-DNA complex 100 pl al 
diluted after 60 min incubation with binding buffer t 
filtered. For the estimation of rDNA content the r 
reaction mixture was diluted with 3 mi of bindime ¢ 
filtered. Approximately 95-97%, of this filter-bo | 
be recovered by incubating the filters for 3 h at 37°. 
of 0.15 M NaCl, 0.015 M Na citrate, pH 7.0 cont 
ge mi~? self-digested pronase. The rest of the bowi 
was liberated by soaking the filters in | mi ef 03%, « 
dodecylsulphate at 100° C for 20 min, The pronase ani 
fractions were pooled, exhaustively dialysed against ~ 
NaCl, 0.01 M Tris HCl, pH 7.0 DNA was denat 
alkali and hybridised with “P-labeled rRNA, specific 
1.25.10° c.pm. g on Millipore filters’. “P-labelled 





medium” contaiging 12.5 mCi KH, “PO, per 100 mi of 
Before collectigg the cells a 200-fold excess of potassi 
phate was added for a generation to chase radioacti 
the messenger RNA. Ribosomes were prepared and p 
rRNA was prepared by phenol extraction and ethanol 
4ion and further purified on methylated albumin- 
column with a linear NaCl gradient. The hybridisation bla: 
of #eRNA prepared in this way was less than 0.02 i 
. radioactivity: 
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‘ig. 2 Effect of ionic strength on dissociation of the highly 
table complex. 1 wg RNA polymerase and 4.5 yg °H-DNA 
reated with nuclease S, was mixed to prepare the enzyme- 
DNA complex as described in Fig. 1. The complex was 
issociated by adding increasing concentrations of 
ammonium sulphate in the presence of 45 ug unlabelled 
CT, phage DNA. At the times indicated 100 yl aliquots 
-were removed, diluted with binding buffer to | ml and 
iltered. The final concentrations of ammonium sulphate 
“were 0.05 M ©; 0.10 Mx; 0.15 M ©: 0.20 M A; 0.25 M O. 


òa small group of promoters, representing only a fraction 
‘the total, which might be characterised by extremely 
ht binding. 
As expected, the rDNA enrichment in the salt-resistant 
plex was smaller if the DNA fragments were larger 
able 2). Under a molecular weight of about 10° however, 
he enrichment effect could not be enhanced, small frag- 
nts bound very poorly and the effect was not 
eproducible. 
Elution of the tightly bound complex from the filters 
yas very difficult. One hundred per cent recovery could be 
chieved only after prolonged pronase digestion plus hot 
DS treatment. If the pronase treatment was shorter, only 
5%, of the bound DNA could be eluted and this fraction 
vas not enriched with rDNA, the bulk of the rDNA was 
ound in the partly pronase-resistant 5%, (Table 3). It is 
own that RNA polymerase becomes more resistant to 
oteolytic enzymes after binding to DNA, and this is 
ought to. be due to a conformational change”. Our 
It suggests that the strong binding of the polymerase at 
e rDNA promoters might effect this conformational 
change, rendering the complex even less susceptible to 
‘pronase attack. 

The demonstration of an extremely strong binding of 
RNA polymerase to DNA fragments carrying the rDNA 
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Table 2 Effect of template molecular weight on rDNA enrichment 


EE acta SNP Ns EE E SOMES SA ERE Ee NOE a II 
rDNA content (%) 
Molecular weight of DNA 





-o Salt-resistant fractions 34 x 10° 20 x 108 12 x 108 
M (NH,).SO, 
0.0 (control) 0.27 0.34 0.32 
0.125 0.39 0.50 « 0.68 
0.250 0.61 0.93 1.40 
0.375 0.87 1.86 e 3.43 
0.500 1.05 215 ~« 8.37 


ar l 
Salt-resistant fractions of the RNA polymerase, holoenzyme- 
DNA complex were prepared as described in Fig. 1 applying 


these fractions was determined by hybridisation with +P- 
labelled rRNA? i ° 


DNA of different molecular weights. The rDNA content of 


Pronase-sensitive fraction 0.19 
Pronase-resistant fraction 34 
Total DNA (control) 0.3 


manamana 


A highly stable complex of RNA polymerase holoenzyme and 
DNA was prepared as described in Fig. 1. The whole reaction 
mixture without addition of ammonium sulphate was diluted 
with 3 mi of binding buffer and filtered. Ninety-two per cent 
of the filter-bound DNA was recovered after incubation for 
60 min at 37° C in 0.15 M NaCl, 0.015 M Na citrate, pH 7.0, 
containing 200 pg ml! self-digested pronase. The rest of the 


filter-bound DNA, the pronase-resistant fraction, was liberated by 

an additional pronase digestion for 2 h and hot SDS treatment, 

Both pronase-resistant and pronase-sensitive fractions were 
hybridised with °*P-labelled rRNA. 


genes strongly supports the notion that DNA structure itself 
might be responsible for the high frequency of transcription 
on these genes observed both in vivo and in vitro, although 
it does not exclude additional regulatory factors. 
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Probable linkage of LCAT locus in man 
to the a haptoglobin locus on chromosome 16 


Lecitpin: cholesterol acyltransferase (LCAT) catalyses the 


esterification of cholesterol in plasma. Familial LCAT de- 





ficiency was first described in 1967 (ref. 1); in 1970 a 
second? family and in 1973 a third, with the same disease, 
were found in Norway. Seven patients with ages of 26-60 yr < 
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are now known in that country. 

Clinically the disease is characterised by proteinuria, cor- 
neal opacities and normochromic anaemia with decreased 
erythrocyte life span. The plasma cholesteryl ester and lyso- 
lecithin concentrations are decreased, and free cholesterol 
and lecithin usually increased. Studies of the LCAT- 
deficient patients have increased our knowledge of normal 
lipoprotein metabolism in man‘. The fact that the patients 
develop atherosclerotic lesions when young, even though 
they have. e low levels of plasma cholesteryl esters, 
may help o ding of the development of athero- 
sclerotic lesion : 

The first thre 
back five to eig 
from the same a 
maternal and pa 
no direct conne 
The familial occ 
families and the- 
sexes make an au 
The presumed 
of the patients) 
possibility is th 
presence of an. 
defective gene, 
is probably the 
at least 250-300 

In an attempt 
operating in LC 



























with this disorder have been traced 
ions and most members have come 
o inbreeding occurred between the 
anches of the families. Moreover, 
> been found between the families. 
the horizontal distribution within 
the disease manifests itself in both 
I, recessive inheritance pattern likely. 
ous carriers (parents and children 
ally and biochemically normal. One 
genetic basis of this disease is the 
ficiency gene in double dose. This 
g in all three Norwegian families, 
one mutational event which occurred 





naracterise further the genetic defect 
leficiency we carried out linkage studies 
“systems currently in common use. The 
rs were examined in the three families: 
1 (CDEce) MNS, Kell, Fy(b), haptoglobin (Hp), 

> component (Gc), transferrin (Tf) third com- 


following mar 

















plement (C3), phosphoglucomutase (PGM)), 
jhosphatase (EAP), alanine amino- 
id HL-A. 

ed close linkage between the LCAT gene 
mining the marker systems Rh, Duffy, Gc, 





Family 2: 
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e 
Fig. 1 Hp types in the members of the three families in 
which LCAT deficiency has been found. x, Hp’ types 
deduced from the types of the other family members; @ ©, 
females; EC, males. BN, @, Patients with LCAT deficiency: 
0, ©, family members with no signs of disease. 


"u Smith, C. A. B., Am. J. hum. Genet., 41, 289 (1949). 







C3, PGM;, EAP and HL-A. With respect to the othe: 
markers, these families were not sufficiently | : 
one exception: nonrandom assortment 
between LCAT deficiency and Hp 
appearance and inheritance patter 
were quite regular in all family me 
15 more distant relatives, When: 
out using a computer program (Mi 
Dahl et al., a combined lod score 
tion fraction of 0.00 was found. At. 
of 0.05 the lod score is 2.48. This- 
of 3.00 which is usually regard 
chromosomal linkage. Given close 
can be counted between the « hapto 
LCAT locus. = 
The total posterior probabilit 
according to Smith? was 0.81 
exists, with five out of the six 
LCAT deficiency gene to their 
Hp l type. The probability of such 
by chance is less than 0.04. Thro 
six to eight generations that this . 
proven crossover event has tak 
favour of close linkage, with a 
fraction of less than 0.05 betwee 
Robson et al.” have shown tha 
which determines the genetic vari 
situated between the middle and { 
arm of chromosome 16. No case of 
been reported so far. ) 
Our work indicates rather stron 
is situated on chromosome 16, 
locus. This is of interest to ge 
group is added to the human ct ma 
diagnostic are not possible at presen g 
is not formed in significant quantities in the foetus. 
Our results suggest that the basis of this disease, 
reveals an inborn error of lipid metabolism, is a si 
genetic defect causing a lack of LCAT activity | 
We thank Drs T. Gedde-Dahl Jun, Radium 
Oslo, B. Olaisen, Institute of Forensic Med 
talet, Oslo and E. Thorsby, Tissue Typing Lab 
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‘ hanges duced by ultraviolet i irradiation 


contrast to the inefficiency of ionising radiations in the 
ictic 1 of sister chromatid exchanges (SCEs}+, ultraviolet 
can cause a striking increase in the SCE frequency in 
mmalian chromosomes**. It has been shown in Chinese 
amster cells that the SCE formation requires postirradia- 
tion DNA synthesis, and that a single ultraviolet irradiation 
ean induce SCE repeatedly for several cell cycles’, As 
pyrimidine dimers are the major DNA lesions caused by 
ultraviolet light and as Chinese hamster cells have a poor 
aoe ability to excise them’, the delayed formation of SCE seems 
to be due to unexcised pyrimidine dimers. This possibility 
was. tested here with the use of a rat kangaroo cell line 
possessing. a photoreactivating enzyme** to see if the fre- 
ency of. ultraviolet-induced SCE was actually reduced 
en cells were post-treated with visible light. 

[he female, rat kangaroo cell line, Pt-kl, had a doubling 

of about 38 h in our culture conditions’. In the first 

periment, exponentially growing cells were labelled with 
midine (0.2 »Ci mi’, specific activity 121 Ci 
for 8 h, washed twice with fresh medium containing 

M cold thymidine, drained, and then exposed to ultra- 

t light at doses ranging from 20-80 erg mm™ at an 

lent dose rate of 5 erg mm“? s~’. The cultures were then 

uubated in normal medium containing cold thymidine. 

“One set of duplicate cultures was kept in the dark, while the 

other was illuminated for 12 h with visible light from a 

0-W fluorescent ‘blue light’ bulb (National) located 10 cm 

bove the culture dishes. After exposure to visible light, the 

ultures were returned to the dark. The cells were collected 

i after ultraviolet irradiation. Colcemid (0.05 pg ml’) 

dded to culture medium 8 h before collection, chromo- 

tions being made according to the conven- 
ional air-drying method. At cultivation, most labelled cells 

A vere in the second postlabelling mitosis. Slides were coated 

with emulsion (Sakura, NR-M2) and, after appropriate 

exposure times, were developed and stained with Giemsa. 

The frequency of SCE in the largest (No. 1) chromosomes 

is plotted against ultraviolet dose in Fig. 1. Ultraviolet 

‘irradiation at 80 erg mm” caused about a four-fold increase 

in the SCE frequency above a control level, whereas illumi- 

“nation of ultraviolet irradiated cells with visible light lowered 

‘the SCE frequency markedly. Thus, at 80 erg mm~* of ultra- 

violet light, it was only twice the control level. The only 

‘ultraviolet-induced DNA lesion that is known to be 

ersible by photoreactivation is pyrimidine dimer’. Now 

at most SCEs induced by ultraviolet light are photoreactiv- 
le, it may be safely concluded that the lesions leading to 
he formation of SCEs are pyrimidine dimers. 

"This conclusion was confirmed by experiments in which 
ultraviolet irradiated cells were kept in the dark for 
various times before being submitted to photoreactivation 
treatment and *H-labelling. The results are shown in Fig. 2. 
When cultures were kept in the dark, the SCE frequency 
decreased gradually with time, but it was significantly higher 

.. than the control level even 164 h after irradiation. By that 

- time the cells might have undergone division at least three 
or four times, as mitotic delay caused by the ultraviolet 
dose used was found to be less than 24 h during this culture 

“period. 

These results indicate that a substantial number of 

pyrimidine dimers remains unexcised, even though the 

rat kangaroo cells are reported to carry out repair repli- 
si ation after ultraviolet exposure’, and that the cells might 
ve a repair mechanism that renders them tolerant 

“the presence of unexcised pyrimidine dimers. These 

mers, if not repaired by photoreactivation, would repeat- 

ly provoke SCE before they are either removed by the 
xcision mechanism and/or diluted “throughs consecutive 




















































































} xy ul et light requires irra liation replica- 
tion and is . inhibited. by cafteine post- Areatnient The in- 
volvement of pyrimidine dimers in this phenomenon “was 
confirmed in our study, These features seem to indicate 
that SCE is closely related to postreplication repair of 
ultraviolet-induced DNA damage". 

The exact mechanism underlying the induction of SCEs 
is still unknown. At least, it is probable that the formation 
of SCEs involves double-strand exchange: assuming that 
each chromatid contains a single DNA duplex’*", only a 
parental strand in one of the sister chromatids is assumed to 
contain “H. A switch of silver grains on an autoradiogram 
might therefore be an outcome of exchange between the 
labelled parental strand in one chromatid and an unlabelled 
daughter strand in another. To achieve this step while 


avoiding an unwinding difficulty, simultaneous exchange - 


between the remaining two strands of the same polarity in 
the two sister chromatids would be required. Considering 
this aspect, Whitehouse’s model, which was originally 
proposed to explain genetic crossing over, also seems to be 
a feasible explanation for formation of SCEs. According to 
his model, the initial step of crossing-over is the formation 
of staggered breaks of two nascent, complementary strands 
from two DNA molecules, which is then followed by a 
limited replication of the broken ends along the parental 
template strands. In the induction of SCEs by ultraviolet | 
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Fig. 1 Dose response curves of (SCEs) with or without 
photoreactivation treatment. SCE was scored only in No. 1 
chromosomes in cells at a diploid level which constituted 
about 60% of the cell population. Any unlabelled region 
following a labelled segment of a chromatid and matched 
by the opposite pattern in its sister chromatid was scored as 
one exchange. The presence of an unlabelled region within 
a labelled segment together with the presence of at least 
three grains on the sister chromatid opposite the region 
was regarded as evidence that two exchanges had occurred. 
In ufraviolet irradiated cultures, a considerable number of 
cells þad aberrant chromosomes, so that only intact chro- 
mosomes were selected for scoring. No account was taken 
of whether other chromosomes within the cell bug aberrant 
or not, Isolabellings ph omitted from the score. O, Ultra- 

violet only; @, ultraviolet and visible light. | 
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rmation of SCEs after a single ultraviolet 
erg mm~*. The exchange frequency 
y No. 1 chromosomes in the second 
ase cells, One set of cultures was 
idine for 8 h and exposed to ultra- 
rg mm". It was incubated in the dark 
‘omosome preparation at 68 h after 
of cultures were first exposed to ultra- 
Q erg mm? and incubated in the dark for 
ig submitted to photoreactivation treatment 
g: one of duplicate cultures was for 12 h 
sible light from 28 h to 40 h after ultra- 
ile the other was kept in the dark. 
Hed in the dark for 8 h, incubated 
oh later, that is, 116 h after ultraviolet 
r procedure was applied to the remaining 
e of them was illuminated with visible 
88 h after ultraviolet irradiation, while 
pt in the dark before *H labelling. 
, Visible lights ~~ , ultraviolet light. 











was d terad 


labelled with "I 
violet light at 1 
and fixed fo 
irradiation. Ot 
violet light. 
























ps may correspond to the formation of gaps in 
/ synthesised strands at adjacent positions and 
novo DNA synthesis detected previously", 
nay still be that the staggered breaks are actually 
made enzymatically, provided that, as claimed 
auth”, most dimer sites do not involve gap 
exposure to small amounts of ultraviolet 
nt. | t important part of his model is his proposal 
that cross-over: molecules form by pairing of the two over- 
lapping sectors of the daughter strands of the broken ends. 
This process effects a crosswise reunion of daughter DNA 
strands of the two future sister chromatids. In the light of 
recent findings about the middle repetitive nucleotide 
sequence in eukaryote DNA! it is tempting to speculate 
that such a pairing process may be facilitated by short 
repetitive nucleotide sequences interspersed between unique 
sequences. 

I thank Drs T. H. Yosida and K. Moriwaki for their 
advice and discussion. 
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Molecular basis of control 
of mitotic cell division in 
Mirotic division in Physarum p 
by a marked increase in the pbk 
lysine-rich histone (Pp. F1) (ref. 1) 4 
of serine residues probably at specific pom 
acid sequence’. The phosphate content of “Fr 
been measured by a number of groups under a ¥ 
conditions in an attempt to understand the role of F 
phosphorylation and three facts have been established, 

First, Fl phosphate content is positively correlated with 
cell replication rate in calf', cultured hep cells”, 
normal and regenerating rat liver’ and a vari i 
mouse tumours’, giving an important indication 
correlation is universal. 

Second, some F1 phosphorylation takes | 
phase. In regenerating rat liver Fl phospho 
in the few hours before mitosis” but it is no 
distinguish, in this system, between $ phase and 
and this high phosphate content could not be- 
either with DNA synthesis or with initiation of n 
Histone phosphorylation has been studied in cultured 
malian cells synchronised at mitosis using a blo: 
and mitotic selection” which gives synchrony t 
phase and into S phase but not in G2 phase”. | 
experiments have shown increased phosphoryla 
S phase”. Different experiments using long 
labelling and the precise natural synchrony i 
cephalum have shown that there is no cħange i 
phosphate content per molecule of Pp. Fi duri 

It is important to determine whether these da 
sistent with the mammalian pulse labelling expe: 
so the P. polycephalum data have been transformed to 
predict the results of a pulse label experiment such as hose 
carried out in mammalian systerns. The transfor 
(Fig. 1) shows that a peak of phosphorylation, as me 
by pulse labelling, would appear in $ phase in P. pols 
alum, in agrgement with the mammalian observations. 7 
peak is due to histone synthesis, which requires some phos 
phorylation to occur in order to maintain the constant 































considerable doubt on the significance of the § phase phos- 
pAorylation although* the possibility that different sites of 
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Third, most Pp. F1 phosphorylation occurs in late G2 
hase (Fig. 1) and at this time there is also a large increase 

overall phosphate content per molecule’. Increased Fl 
hosphorylation has also been observed in mammalian cells 
-in late G2 phase", mostly in the 3 h before metaphase 
-ï exactly in agreement with the P. polycephalum results. 
Further, an increased F1 phosphate content occurs in mam- 
malian metaphase cells and dephosphorylation occurs when 
_ these cells move into G1 (ref. 16). These data are consistent 
- with the very precise timing in P. polycephalum which 
located the peak of maximum Pp. Fl phosphate content at the 
time of chromosome condensation’ and this is proposed as 
the initiation step for mitosis”. The nuclear F1 histone phos- 
phorylating enzyme activity has been found to peak drama- 
ally at the time during the mitotic cycle when the net 
of phosphorylation of Pp. F1 is a maximum implying 
“the change in enzyme activity ‘triggers’ the phosphory- 
n”. Further we have shown that there is a remarkable 
elation between the observed changes in enzyme activity 
d the data in the literature concerning the expected 
haviour of the mitotic trigger in P. polycephalum and it 
been proposed that these events are linked”. As a direct 
st of the proposal, the effect of the addition heterologous 
Fi histone phosphokinase on the cycle time of the naturally 
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ase 


ooo Fig. 1 The pulse length was 1/8 of a generation time in the 

‘mammalian experiments’ which is equivalent to 1 h in the P. 

polycephalum cycle. If the net rate of phosphorylation of F1 is 
< dP/dt then a 1h pulse would show an incorporation 


if i (dP/dt) dt = P,-P,., where P, is the total phosphate content 


of Fl at time t. The P. polycephalum experiments measured 
P,|N; = %, say, where N, = total number of Fi molecules at 
time t?. The incorporation expected during a 1 h pulse ending at 


time ¢ is | 
P-P- a Nes 
= NOx + XON — əN 
where N; = N,-@Nand Xe- = Xe — Cx. Therefore incorpora- 


tion per Fi molecule, i 
(P, — PDN, = (N.CX + LN — 6yoN YN, 
oy + LËNİN,, neglecting ĉxEN 
© The first term, ôx, represents incorporation due to a change in 
o . the overall phosphate content of the FI and the second term 
= o represents net incorporation due to maintaimtng the overall 
©. phosphate content per molecule constant in the face of synthesis 
. of new Fl. Any turnover of Fl phosphate would raise the levei 
~ of the curve but this has been ignored. N, and ÖN were estimated 
for P. polycephalum by assuming a constant ratio of Pp. FI 
histone synthesis to main band nuclear DNA synthesis” and 
using published data on DNA synthesis™®. x, and 0x were 
ybtained from our previous measurements of Pp Fi phos- 
phate content?. , Calculated phosphorylation (simulated 
label experiment); — -7 — measured phosphaje content’. 
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Fig. 2 Synchronous plasmodia of P. polycephalum were prepared 
by fusion of microplasmodia on filter paper and grown at 26° C 
in the dark??. At a known time between mitosis 2 (the second 
mitosis after fusion) and mitosis 3, the filter paper was cut into 
quarters and transferred to Petri dishes. Each culture constituted 
a complete experiment with its own control, conducted in 
duplicate. Duplicates of the same plasmodium divided within 
5 min of each other. Plasmodia were treated by carefully pipett- 
ing on their surface 0.1 ml of solution. Enzyme solutions, 
containing approximately 1.5 mg ml> protein had been dialysed 
overnight against 0.02 M Tris HCI buffer pH 7.2 (ref. 19). 
The treated plasmodia were starved for 1.5 h to facilitate 
absorption’®. Fresh medium was then added and the time of 
the third mitosis determined by microscopic examination of 
glycerol/ethanol fixed smears under phase contrast??. Advance- 
ment of mitosis by F1 phosphokinase is shown as a function of 
the time in the cycle when the enzyme was added, (@®— @) with 
the errors calculated from the differences between duplicates as 
in Table 1. For comparison, the level of endogenous enzyme 
activity” (— —- — —) and Pp F1 phosphate content ( 7 

are also shown together with the timing of the main events in the 

P. polycephalum mitotic cycle”, 


synchronous cultures of P. polycephalum has been investi- 
gated. 

F1 histone phosphokinase was prepared by extraction of 
Ehrlich ascites cell chromatin with 0.4 M NaCl, followed by 
ammonium sulphate fractionation of the extract in the 
presence of 107° M cyclic AMP. The protein precipitating 
between 17.5 and 35% saturation was collected and dis- 
solved in 0.4 M NaCl, 0.01 M Tris pH 7.5. The enzyme 
activity is similar to that described in metaphase arrested 
cells by Lake”. It phosphorylates F1 in vitro mainly in the 
N and C terminal regions at sites whose phosphorylation 1s 
associated with growth. It does not require cyclic AMP. The 
The preparation contains only traces of F1 histone kinases, 
HK; (cyclic AMP dependent) and HK: (cyclic AMP inde- 
pendent}. ; 

Heterologous enzyme was used because of its availability 
and because the general features of the process are almost 
certainly universal. Work is in progress to obtain and use 
pure homologous and heterologous enzyme, but this is a oe 
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Treatment Advancement of A Er ror due to 4 
Segments Segments before B beiween di 
À B (min) 
3.5 F 1 phosphokinase Buffer ` 15 
3,0 Pipi FI phosphokinase 0.1 x phosphokinase 40 
39 bs Fl phosphokinase FI phosphokinase 25 
: inactivated by freezing 
; and thawing 
4.2 Fl phosphokinase FI phosphokinase 33 
: inactivated by dialysis 
; and storage 
3.0 _ phosphokinase F1 phosphokinase 20 
inactivated by dialysis 
E and storage 
3.0 = F I phosphokinase creatine phosphokinase 18 
4.0 -Fi phosphokirase albumin 38 

































* This error is ob 


long term project. | 
For each in vive 
P. polycephalum W 
way and was use 
normal cycle time. 
mately equal 90° se 
mitosis. Two segme 


I rent at least two plasmodia of 
sd. One was not treated in any 
ontrol for measurements of the 
cond was cut into four approxi- 
ata known time after its second 
re treated with a blank solution 
olution. The four segments were 
then transferred to fresh growth 
al details see Fig. 2 and ref. 19). 
¿added at the correct time in the 
‘segments entered mitosis precisely 
fore the blank treated duplicate 
elves entered mitosis precisly together. 
ogression through mitosis itself was not 
fect of adding the enzyme at different 
cycle is shown in Fig. 2. This curve 
| the time course of FI phosphorylating 
pol: cephalum nuclei, since at about 2 h 

ctivity falls off sharply and adding 
have no effect, either because the added 
ctivated or because the enzyme activity 
eeded by the nucleus. Moreover, added 
3 t f ffective when the endogenous enzyme is 
łļ- to two-thirds of its maximum level. The 
ss of added enzyme early in the cycle is 
e to its instability or to some other preparation 
such as DNA synthesis, not being complete. 
“of time of enzyme addition for maximum 
e oe measurements of oe 


edun ae 
Provided the 











n a and is not a ace growth promotion. 
tivity | of the actual one PEPEO 






) ed enzyme, extensive ees of 
nonhistone | sroteins occurred but no histone phosphorylation 
was observed. In the presence of added enzyme reduced 
| phosphorylation of nonhistone proteins occurred and a 
large incorporation of “P into F1 histone, but not into 
other histones, was observed”. The significance of the 
reduced incorporation into nonhistone proteins is un- 
known but the enzyme clearly phosphorylates specifically 
FI histone, in chromatin. It is just conceivable that the 
unpurified F1 phosphokinase preparation contained some 
other substance or combination of substances which pro- 
duced the effects reported (Fig. 2). This possibility can be 
-ruled out completely only by the use of pure homologous 
FL phosphokinase. However, some control expefiments 
have been caried out to check if such a coincidence is 
y. The enzyme after dialysis against 0.02 M Tris pH 7.2, 










Table 1 Control experiments 


š [(difference between mitosis times of A segments)? + (difference between mitosis times ae B Semen 
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can be specifically inactivated by storage for 2 
or by freezing and thawing four times. 5 
enzyme preparations have no effect on the | 
mitosis. Albumin and creatine phosphokinase 
without effect (Table 1). Positive results 
always) been obtained with active Fi phosp 
arations. Further progress on these lines i 
availability of pure enzyme. 
Taken together with the previously reg 
Pp. Fi phosphate content’, chromatin 
example ref. 21), Fl phosphorylating act 
phalum nuclei” and the mitotic triggé: 
reported here provide direct evidence fot 
proposal that FI phosphokinase triggers . 
Fi phosphate content which is the - 
mitosis. Acceleration of initiation of 
shown before, by plasmodial fusion’, 
tion” and plasmodial extracts! but this j 
ful attempt to accelerate the initiation 
specific substance, FI histone phosphok 
already accumulated on the mechanisi 
process mediated by F1 phosphokinase fi 
hypothesis (unpublished), and experimen 
to test it further and clarify the details. It is 
this process probably applies to cancer as w 
cells. 
Calf thymus chromatin was provided by. 
T. A. L. visited Portsmouth as a Senior 
of the Science Research Council. The w 
by grants from the Cancer Research € 
Science Research Council. 
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Inhibitor of protein synthesis 
isolated from ribosomes of unfertilised 
eggs and embryos of sea urchins- 


Ir is not yet clear what mechanisms turn on protein syn- 
thesis in the first stages of embryonic development. In the 
sea urchin two mechanisms are debated: activation of ribo- 
somes'” and activation of mMRNA**, possibly through adenyl- 
ation®*, An inhibitor of protein synthesis has been isolated 
from ribosomes of unfertilised eggs of Paracentrotus livi- 
dus™? by extraction of ribosomes with high concentrations of 
salt. Metafora et al.’ found that this inhibitor is a protein, 
that it is not a ribonuclease and that it decreases ribosomal 
binding of a synthetic messenger (poly(U)) and of phenyl- 
alanine tRNA. They found that this inhibitor was absent 
from extracts of ribosomes of P. lividus blastulae, suggesting 
that it is inactivated or lost when the eggs are fertilised. 

In view of the importance of such a finding for under- 
standing the restriction of protein synthesis in unfertilised 
eggs, I have investigated similar inhibitors from eggs and 
embryos of Strongylocentrotus purpuratus and determined 
the distribution of inhibitor between monoribosomes and 
polyribosomes of echinoid embryos. While *confirming the 
occurrence of inhibitor in unfertilised eggs, Ihave found it 


in embryos as well, particularly in monoribosome fractions. » 


Ribosomal extracts were tested for inhibitory potential in 
protein synthesis in a cell-free system using both endogenous 
mRNA and poly(U). Extracts were prepared from ribosomes 
of unfertilised eggs and blastulae by the method of Metafora 





et al! using | M NHGC1. Protein synthesis was measured as 
incorporation of "C-phenylalanine in an in vitro system con- 
taining ribosomes from either unfertilised eggs or blastulae. 
Only blastula ribosomes had enough natural mRNA 
attached to give detectable endogenous synthesis (Table 1, 
experiment 2). Endogenous incorporation with these ribo- 
somes was inhibited strongly by either of the ribosomal 
extracts (Table 1, experiment 1). Incorporation with ribo- 
somes from both unfertilised eggs and blastulae was stimu- 
lated strongly by addition of poly(U). This stimulation was 
inhibited by ribosomal extracts from both unfertilised eggs 
and blastulae. 


ener SOTO TTT TaN NEC AATA AEREE AEAEE nests nea 

Table 1 Effect of ribosomal extracts on cell-free protein synthesis 
directed by endogenous mRNA and poly(U) 

in vitro “C-phenylalanine 

incorporation (c.p.m. per 


assay) 
Type of mRNA Source of Using egg Using 
extract ribosomes blastulae 
ribosomes 
Experiment I 
Endogenous mRNA none _ 6,520 
A UF egg ribosomes* — 2,516 
ag blastula ribosomest oe 2,620 
Experiment 2 
Endogenous mRNA none 0 3,740 
„ + poly(U) none 7,430 21,500 
» + ,, UF egg ribosomesį 48 4,940 
» + „ blastula ribosomes§ 200 5,860 


anainn EANA AEAEE OTOOTO EADE AEAEE 


Eggs and sperm of Sirongylocentrotus purpuratus Were col- 
lected and cultivated’, Ribosomes and their 1 M NH, Cl 
extracts were prepared as described by Metafora et al.’ except 
that tricthanolamine-HC1 (K and K Laboratory, Inc.) was sub- 
stituted for Tris HCl. The ribosome and extract solutions were 
stored at —80° C. A pH 5 fraction prepared from rat liver super- 
natants’ contained aminoacyl activating enzymes, tRNA, amino 
acids, and soluble enzymes. The in vitro assay mixture contained 
in 250 wl: 0.1 M KCI, 5mM MgCl, 0.05 M triethanolamine-HC} 
(pH 7.4), 6mM mercaptoethanol, 2.5 mM ATP, 0.2 mM GTP, 
4 mM 2-phosphoenol pyruvate, 0.35 wg pyruvate kinase, 0.31 ug 
4C.1-3-phenylalanine (5.3 mCi mmol~’), pH 5 fraction from rate 
liver at optimal concentrations (about 30 ul containing about 
0.8 mg protein), 2.6 Axo units (defined in Fig. 1) of ribosomes, 
ribosomal extract, 46 pg *, 42 wg t, 58 wg t, and 23 peg §, or a 
compensating buffer and sometimes 50 ag (poly(U)). The reaction 
mixture was incubated with vigorous shaking for 60 min at 
27° C, stopped by the addition of 3 ml of ice-cold 6% trichlo- 
roacetic acid (TCA) containing L-phenylalaline, incubated for 
10 min at 90° C, chilled in ice, filtered onto membrane disks, 
then washed with 6% TCA, dried, and counted in a toluene 
based scintillant. The assay was linear for 50 to 60 min with 
poly(U) as the messenger and for 20 min with endogenous 
blastula messenger. Protein content was estimated by the method 
of Lowry et al.”’. 


As the inhibitor could have a regulatory function in 
development, I have measured its concentration in sea 
urchin eggs and embryos at various stages. High salt ex- 
tracts from ribosomal pellets were prepared simultaneously 
from unfertilised eggs, 32-cell morulae, 500-cell blastulae 
(B1-500) and early mesenchyme blastulae (BIMy-1), by the 
method of Metafora et al.’ (Fig. 1). Extracts from ribo- 
somes of all early stages were inhibitory. Extracts from 
equal quantities of ribosomes were progressively less inhibi- 
tory when taken from embryos of increasing age. I found 
that extracts of blastula ribosomes contained about half 
as much protein as those from unfertilised egg ribosomes. 
When relative incorporation was plotted against the amount 
of protein in each extract, the inhibition by extracts from 
the various stages was similar (Fig. 2). Since there is little 
change in the total number of ribosomes from fertilisation 
until mesenchyme blastula stage (about 25 h at 14° C), I 
conclfide that there is a continuous decrease in the amount 
of exteactable inhibitor per embryo during this time. 

The ribosomal extracts from these early stages were 
resolved into between 9 and 11 protein bands on 6 M urea 
electrophoretic gels’. Seven of these bands were common to 
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extracts of unfertilised eggs, morulae and blastulae, and I do 
-not know which might have inhibitory activity. 

Previous studies have shown that the polyribosome: 
monoribosome ratio increases after fertilisation of sea 












monoribosome 
somes and pol 
centrifugation. 
instead of the 0.4. . Of 
tration of salt fewer nonribo 
(RNP particles) cosedimen 
small polyribosomes. The high speed pellets of these frac- 
tions were used to prepare the extracts whose inhibitory 
capacity is shown in Fig. 3. The points for the unfertilised 
egg extract from Fig. 1 are included for reference although 
those ribosomes were isolated using different salt concen- 
trations. To obtain an equivalent amount of inhibition by 
monoribosome and polyribosome extracts, almost three 
times as many polyribosomes as monoribosomes were 
needed. For example, 2.4 Axo units (defined in Fig. 1) of 
monoribosomes or 6.7 Am units of polyribosomes gave 
40% inhibition. 

To determine whether this inhibitor is absent from non- 
embryonic tissues, extracts were prepared from the ribo- 
somes of adult rat liver, which are known to contain about 
90% polyribosomes". The effect of these extracts on in vitro 
synthesis of proteins is given in Fig. 3. I found that ribo- 
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Fig. 2 inhibition of “C-phenylalanine 
protein added from ribosomal extracts 
tions are as in Fig. 1. The protein con 

by a micro Biuret met 


somes from adult rat liver contained little ex! 
tor, about 0.1 that of blastulae ribosomes. In sur 
3 shows that high salt extracts of blastula mone 
contain substantially more extractable inhibiter ¢ 
of polyribosomes, implying that in situ the mon 
are inhibited, and that the inhibitor is more ab: 
eggs and embryos than in adult tissue. E 
Preliminary results with RNP particles 
do not rule out the possibility that RNP 
cosediment with monoribosomes also < 
proteins. The presence of an inhibitory 
formed messages in such particles could pre 
attachment to ribosomes or their translation once 
Ribosomal extracts were tested for pos 
activity by Ball’s method”. Extracts from unfer 
and blastulae containing 20-40 xg of protein, su 
inhibit amino acid incorporation by 60-85%, had 
1x 10-" g RNase. Extracts of rat liver ribosome 
to inhibit amino acid incorporation by 15% g 
negligible amounts of RNase. The rat liver : 
fraction used in the assays contributed about 
of RNase. It is unlikely that any observ 
to RNase activity, for the amount of © 
not correlate with the percentage of inhi 
The inhibitor is not a GTPase since 
amounts of GTP two- and six-fold did not alter t 
of inhibition. | 
What is the normal function of this inhibit 
these results and those Metafora et ai.’ and Gam 
agree in demonstrating the existence of the inhi 
authors indicate that the inhibitor disap 
fertilisation, thereby triggering activation of — 
thesis. In contrast, I have found a grady 
the amount of inhibitor. Therefore, I sugg 
loss of inhibitor is responsible for the co 
ef rate of incorporation of labelled ami 
mesenchyme blastula or early gastrula*-" 
seefns to be acting at* the monoribosome leve 
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Fig. 3 Inhibitory potency of extracts from different ribosomal 
fractions, and from adult rat liver. Embryos were slightly older 
than any described in Fig. 1, being stage BIMy-2/Ga-1*. 
Homogenisation and sucrose gradient preparation of mono- 
ribosomes and polyribosomes were described by Hogan and 
Gross. Rat liver ribosomal pellets were prepared as described 


by Stavy and Gross’, Extracts were prepared as described in 


Table 1. Assay conditions and quantification were as described 
in Fig. 1. Ribosomal extracts from monoribosomes (O), from 
polyribosomes containing from 4 to 25 ribosomes per polysome 


© (@); and from rat liver ribosomes (x); unfertilised egg extract 


of Fig. 1 (---). 


gradual loss of inhibitor with time would also account for 
the continuous increase in the polysome:monoribosome 
ratio until the mid-blastula stage’. 
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Stability of the nucleoside 
composition of tRNA during 
biological ageing of mice and mosquitoes 


IN several organisms, alterations in tRNA have been 
reported to occur during physiological changes. Both quali- 
tative and quantitative changes have been demonstrated in 
isoaccepting species of various tRNAs'-*. Chromatographic 
changes have often been attributed tc changes in nucleoside 
composition, In Drosophila, changes in the chromatographic 
patterns of certain tRNA species at different developmental 
stages have been correlated with an enzymatic alteration 
producing a minor nucleoside, Q*. Such differences could be 
involved in control of protein synthesis at the translational 
level directly by tRNA species, and (or) in regulation of 
protein activity by interaction of tRNA with a previously 
formed protein®’. 

During an investigation of the role of translational macro- 
molecules in biological ageing, column chromatography of 
aminoacyl-tRNAs from ‘mature’ and ‘old’ adults of Aedes 
aegypti revealed variations in patterns of certain isoaccept- 
ing tRNAs’. A similar study on aminoacyl-tRNA from age- 
ing mice revealed no chromatographic changes’. In the liver 
of ageing rodents, including mice, however, glycine N- 
methyltransferase activity was reported to increase’. It was 
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Fig. 1 Nucleoside composition of tRNA from mature and 
old mosquitoes. Nucleoside compositions were determined 
by the chemical labelling technique as described in the text. 
Valyes plotted are mean + s.d. for four determinations on 
each age with the exception of m’G, for which only two 
analyses were done on mosquito tRNA, Minor/ major ratios: 
mature, 0.109%0.005: old, 0.106+0.004. Open columns, 
mature (10-d-old); hatched columns, old (30-d-old) adult 
female Aedes aegypti. 
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tby ion extraction, DEAT celulo 






ge 
tions were at ee 90% tRNA, the aknal con- 
taminant being 5S rRNA, | 

Nucleoside composition analyses were carried out by 
chemical tritium labelling exactly as described by the 
Randeraths (ref. 11 and references therein). We were able 
to quantitate 13 components in mosquito tRNA and 15 in 
mouse liver tRNA. inosine seemed to be present in both 
organisms, but on our chromatograms it was overlapped by 
the guanosine trialcohol spot and is included with guanosine. 
A portion of 1-methyladenosine is converted to N°-methyl- 
adenosine during the analysis, and so these two compo- 
nents were combined in the calculation of composition. 

Inspection of fluorograms showed no discernible qualita- 
tive differences in nucleoside composition during ageing, 
that is the same nucleosides were present in tRNA from 
mature and old animals (data not shown). Figures 1 and 2 
show that there are also no significant age-related quantit- 
ative changes in tRNA nucleoside composition nor in 
degree of {RNA modification in the two animal models 
studied. 

It seems remarkable that. at a time when the population 
has declined physiologically to the point of highest mortality 
rate, the complex enzyme systems necessary for tRNA 
maturation are still producing a fully modified product. This 
indicates that the nucleoside composition of tRNA is an 
important and tightly regulated parameter for a given org- 
anism, or organ therein. — 

Our results argue against tRNA modifying enzymes hav- 
ing a role in biological ageing. They also point up the danger 
of interpreting chromatographic changes in tRNA or 









changes in activity of tRNA methylases in terms of 
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Relationship between tritiated poly-1-i 
binding and template activity 
chromosomes 


Ir has been reported that cytological . 
chromosomes can serve as templates.in RNA 
reactions'”, The newly synthesised RNA on g 
was readily digested with RNase in contrast to 
was synthesised in a similar manner but using 
plate denatured DNA immobilised on nitroceliul 
When cytological preparations of chromosomes W 
treated with poly-L-lysine (PL), no synthesis € 
could be demonstrated’. The implication was t 
PL blocked those sites on DNA template which 
ponsible for transcription. 

We used human metaphase spreads prep 
standard technique? as templates for RNA s 
for binding tritiated poly-L-lysine CH-PL). 
to establish whether both of these processes occur: 
same or on different segments of chromosomes. | 
karyotypes of metaphase chromosomes with bound 
or bound *H-RNA are shown in Fig. 1. The resi 
labelling are summarised in Table |. In both sets of © 
ments over 98% of total grains was located over 
chromosomes and the remainder over the ba 
Analysis of a large number of karyotypes (ov 
total) indicated that the labelling of chromos 
reproducible (Table 1). Those sites on A chrome 
that have highest template activity also show a hi 
affinity for *H-PL. Although structural organisation of 
chromosomes necessary for both functions is net known 
ån detail“, it is likely that relatively exposed segments of 
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Fig. 1 Typical karyotypes of treated and control human 
metaphase chromosomes. a, Chromosomes treated with 
tritiated poly-L-lysine @H-PL); 6, chromosomes used as 
templates in RNA polymerase reaction; c, chromosomes 
subjected to conditions of RNA polymerase reaction without 
the polymerising enzyme. Tissue culture of hufman circulat- 
ing lymphocytes and the preparation of metaphase spreads 
was done according to a standard procedure’? Slides con- 
taining chromosomes were treated with 3H-PL e(molecular 
weight 50,000-100,000, specific activity 3.32 x 10° c.p.m. 
mg) as follows. 0.1 mi of 0.1% “H-PL solution in 0.1. N 
acetic acid was applied and the slide was covered with a 
cover slip. After 20 min at room temperature the cover 
slip was removed, the slide washed with water and dried. 


After exposure to NTB-2 emulsion for°7 d, the glides were ° 
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Table 1 A comparison of *H-poly-L-lysine binding, RNA synthesis 
and quinacrine fluorescence of human A group chromosomes 











Chromosome H-PL binding RNA synthesis Quinacrine 
segment G AG + AG fluorescence 
Aye 9,33 —8.87 0.48 1.30 3.20 
Aim 4.42 1.40 0.40 0.20 40.00 
AC 13.22 —9.43 a = 3.20 
Aes 15.00 ~- 10.87 a — 1.20 
Ams 8.34 6.80 1.00 —1.00 16.40 
Ac 12.29 1480 — = 4.10 
Aml 9,57 —0.50 0.37 — 4257 
Ael 24.50 ~42.87 3.20 -- 12.00 1.20 
Age 11.38 8.33 0.25 — 4.4 
Am 4.18 1.93 0.13 0.40 53.9 
Aj 9.42 2.87 1.95 — (7.2) 





Average number of grains per unit weight (g x 10°) of a given 
chromosome segment” (G) was determined separately for karyotypes 
containing short, medium or long metaphase chromosomes (Fig. 1). 
For A, and A, chromosomes in which short and long arms could not 
be distinguished, the data are given for the combined two end and 
two middle segments. Forty-six karyotypes (16 short, 16 medium, 
i4 long) were analysed for °H-PL binding and 34 (i! short, 12 
medium, 11 long) for RNA synthesis. The data are averages obtained 
with the three classes of chromosomes. The probable error computed 
for several groups of karyotypes belonging to the same class ranged 
from 15-30% of the mean value. The differences in G for each 
chromosomal segment between chromosomes of different length 
(AG) was also computed (4G = (Giong — Gmedium) + (Gloag — 


intensity, ol quinacrine mustard fluorescence tor ditterent chromosomal 
segments (given in arbitrary units) was determined by measuring the 
corresponding areas under the fluorescence curves’, The value as- 
signed to Ac segment may vary since this is a polymorphic region’ of 
Ag; chromosome. 


nucleic acids are required. On the other hand, the chromo- 
somal segments with high template activity show little 
fluorescence after treatment with quinacrine mustard’, We 
also observed that both functions depend on the degree of 
chromosomal contraction. This effect was especially pro- 
nounced for the long arm end segment of A, chromosome. 
It did bind more *H-PL and functioned better as a tem- 
plate when the chromosome was in a more contracted 


form. 
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examined under a microscope. The grouping of metaphase 
chromosomes according to the degree of contraction was 
based on the measurement of A; chromosome (short, 8.3 
um; medium, 10.0 um; long, 12.5 ym), Identification of 
individual chromosomes was aided by the application of 
a Giemsa banding procedure after treatment of chromo- 
somes with trypsin’. RNA polymerase reaction was done 
on slides containing metaphase spreads (without any pre- 
treatment) essentially according to the published procedure’. 
3H-UTP labelled at C5 of the uracil base (specific activity 
41.7 Ci mmol’) was used for RNA labelling. In the contro! 
experiments, all the ingredients of the reaction, except the 
E. coli RNA polymerase (specific activity 240 units Mg“ 
assayed in standard conditions), were present. The slides 
were analysed for grains as described for *H-PL binding. 
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to: ‘but not ace: nee that 
its amino terminus to Jac operator’. 
vo that the carboxy terminus of lac 
able: “We found fusions between the i 
}-galactosidase) genes (Fig. 1) which 
epressor covalently linked to active 


lac repressor binds 
Here we will s 
repressor is dispe 
(fac repressor) a 
produce fully acty ela 
6-galactosidase. | 

Such fusions are. fou d among spontaneous /ac* revertants 
of an Escherichia coli strain carrying the mutations i? and 
Zune. i stands fe utation in the į promoter which 
leads to a ten- fold roduction of lac repressor’; uns is 
a strongly polar. = nse mutation located near the lac 
operator’, The ta . ants of izuus fall into two classes: 
inducible reverts ue to direct reversion or unlinked 
suppression) and ants that produce -galactosidase at 
a low constitutive level. These last mentioned mutants have 
all the characteristics of i z fusion: They can be neither 
induced by inducer nor repressed by a functioning i gene 
in trans. The amount of f-galactosidase made depends on 
the nature of the i gene promoter. Most of these mutants 
(101 out of 111) no longer produce functioning lac repres- 
sor. In these mutants part of the structural i gene is deleted. 
In the extracts of ten mutants, however, we found in vitro 
inducer and operator binding. We concentrated our interest 
on these mutants: Mapping proved that only two of these 
ten deletions definitely entered the structural part of the i 
gene and that eight others might end in a region of the i 
gene ‘which is still transcribed but not translated (Fig. 1). 
The 8-galactosidase of most of the strains was more heat 
labile than §-galactosidase from a wild type strain. 

We used antibodies against lac repressor (anti-repressor) 
and against f§-galactosidase (anti-galactosidase) to decide 
whether /ae repressor was fused to &-galactosidase. There 
is no cross reaction between these antibodies and antigens; 
however, both anti- repressor and anti-galactosidase precipi- 
tate 6-galactosidase and lac repressor from extracts of fusion 
71-56-14 (Table 1). This result strongly suggests, but does 
not prove, covalent fusion between lac repressor and £- 
galactosidase. 

The. pure material we needed to settle the question was 
obtained in the following way: We used extracts of pro- 
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Table 1 Results of adding antibodies against lac repressor and B-galactosidase in two strains of E. coli | 
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Fig. 1 Genetic map of the i gene, the promoter: 
io), and the z gene. The / gene is divided in 39 de 
the z gene in 27 deletion groups”. They are not d 
Deletion x8630 defines deletion group 39, deletion x36 
group 38 of the i gene. Point mutants have been 
recombine with x8630 (Gho, personal communicatic 
that the translational stop signal of the / gene falls ïf 
group 39. The fusions we found still to have ikee- 
activity, are either of type I (71-56-9; 71-68-14; 28; 
48: 51), or of type IL (71-56-14, 71-56-17). N 
as in ref. 4. In some fusions (71-56-14; 17 
17 was crossed out and i* back in using d 
These i* derivatives of the fusion strains + 
deep the deletions entered the z gene. The: 
tested (71-56-14 and 71-68-14: 28: 32) d 
nonsense mutant mapping in deletion No. 3 ¢ 
mapping in deletion No. 1. 


moter mutant i (Miiller-Hill, unpublishe 
the strains (71-56-14) as starting m 
sulphate, phosphocellulose and Sepharo 
for purification. We followed both © 
repressor activity throughout the purif 
is a good correlation, although not a p 
the specific activities of lac repressor 
throughout the purification (Table 
of the phosphocellulose column 
which have simultaneously §-gal 
activity, The main fraction was 
rose 6B. SDS-gels showed that it 3 
(Fig. 2). The subunit molecular. 
since our protein runs together wi 
polymerase from €E. coli. If we a 
have the most plausible subunit m 
(ref. 9) and Jac repressor a molec 
10), not much has been lost from 
pressor through the fusion. The rep 
derived from a strain that carried; 
mutation i. We sequenced the N 
SDS-dansyl-Edman procedure? and fo 
to the N terminus of lac repressor’: F 
Val-Thr-Leu, thereby proving again the co ‘ 
excluding an effect of the promotor muta 
aminoterminal sequence. 

Sequence analysis of lac repressor had shown. 4t 
results! with carboxypeptidase B, which seemed t 
the necessity of an intact C terminus for opera 
activity, were wrong. Our present results show € 
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The fusion 71-56-14 was eossed on the phage A80c,5;,dlacS; (71-56-14) to increase the yield of lac product after heat induction of 

strain lysogenic for the phage®. As comparison, strain i4/z*+ grown in the presence of inducer IPTG was used. The heat induction. o 
strain was carried out as in ref. 2. 0.2 ml of extract were mixed with 0.2 ml of antiserum. The mixture was left overnight at 4° C. 
precipitates were centrifuged for one minute in an Eppendorf microcentrifuge. The supernatants were discarded. The precipitates 
pended in 1 ml of TMS buffer’ and spun again. The washing procedure was repeated twice. Then repressor and §-galactosidase activ 
determined™®, The values obtained were expressed as percentage’ of the activities found before precipitation with antiserum. 










lac repressor activity 8-galactosidase activity e 


Total a Total Specific Specific 





































volume Protein activity Recovery activity | Recovery | 
(ml) (mg) (% mgt mb GA Purification (Units mg) (S Purification 
2,200 40,500 4.4 100 I 3,180 100 E 
precipitate (0-35 % 330 5,700 32 100 T 21,600 96 1 
_ Phosphocellulose (main. peak) 260 333 146 27 33 29,900 8 9 
Sepharose 6B 84 118 266 17 60 98,000 9 31 


The protein was eluted with a linear gradient starting with 1.1 1 0.011 M PC buffer in the mixing chamber and 1.1 1 0.19 
e reservoir, After the gradient the column was first washed with 250 ml of the reservoir buffer, then with | I of 0.24 M PC 
,ortion of repressor-galactosidase was eluted at a concentration of 0.11 to 0.13 M potassium phosphate. The pooled material’ 
peak was concentrated by ammonium sulphate and then passed through Sepharose 6B (column 2.5 x 100 cm) equilibrated with. 
buffer. The protein is eluted in a single peak, containing both lac repressor and B-galactosidase activities. The specific /ac repressor 
pure protein was 266: this almost reaches the specific activity of pure lac repressor (1,500), if the fourfold increase of subunit 
Sy molecular weight is taken into consideration. 


terminus of Jac repressor is dispensible for activity. 


+ ars 
rmore lac repressor functions even with 8-galactosi- = 25 
innied to its tail. = „IPTG 
ič repressor and -galactosidase are tetramers. How Š 4 a E 
the fused protein aggregate? To determine its state = Pa 
aggregation we analysed the pure material obtained from = 1S. 
pharose step on a glycerol gradient. Both 8-galactosi- a 
“and lac repressor activity sediment together at the a 
n of normal 8-galactosidase (S 16). We also analysed & 10 
of the minor fractions from the phosphocellulose = 
and found them to contain several species of & 5 E EEA AEA ERE 
sedimenting material. All fractions bind lac operator = 
-but only the S 16 fraction binds operator DNA a <n SS SE 
rms () 50 100 150 450 


mal Jae repressor (Fig. 3).The plot shows that the 


Ss -3 
was 20% active. From the molar ratios of the pro- role IS) 


Fig. 3 Bound “P-Aplac DNA as a function of the amount of 
pure repressor-galactosidase in the assay. 3 ml of binding buffer 
(BB) (without dimethyl sulphoxide), containing the protein, was 
divided into equal parts and 20 wl of a 0.1 M IPTG stock was 
added to one half. Then 0.1 mi of a *“P-Aplac DNA solution 
was added and incubated for 8 min at room temperature. The 
constant amount of DNA in the 1.6 ml assay is 0.43 ug, with 
the activity of 23,000 c.p.m. per zg DNA. Each filter (Sartorius, 
0.45 um, 25 mm) received 0.5 ml, containing a total input of 
3,000 c.p.m. The filters are washed with 1 ml BB each and 
counted in 10 ml Bray’s Solution”. 


tein and DNA we calculate that 20% of the protein is active 
in DNA binding. The higher aggregates seem also to bind, 
in a way not understood, to DNA pieces which do not con- 
tain lac operator. 
Finally, we analysed whether homology between lac 
repressor and the N terminus of §-galactosidase is res- 
ponsible for the relative high frequency of the i z fusions. 
To test this we measured the frequency of i z fusions in a 
Rec A strain in which recombination is greatly reduced. 
We found the same number of fusions as in wild type. This 
excludes sequence homology. Sequence analysis which we 
have begun should define the unnecessary parts of £- 
galactosidase and lac repressor. 
We thank Dr Kurz for 8-galactosidase, Mr A. Schmitz 
for ’P-labelled plac DNA and SFB 74 for support. 
B. MULLER-HILL 
J. Kania 

| Institut fiir Genetik der Universitat zu Köln, 

ig. 2 Determination of the subunit molecular weight of 5 Köln 41, 


pressor-galactosidase (fusion) by the SDS-polyacgylamide gel ? l 
ophoresis. 10 em 5% acrylamide gels containing 0.1% SDS ERDEP T TE ER 
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Mutagenicity of amino acid 
analogues in eu ‘aryotes 
A Loss of fidelity ; 


im DNA. replication and repair enzymes in 
both pro and eukaryotes, is often expressed as a mutation. 
Examples of this are shown in the mutator gene activity of a 
DNA polymerase mutant of T4 (ref. 1) and mutants with in- 
creased ultraviolet sensitivity or decreased recombination?*, 

gate and Loeb* have reported the altered fidelity of the 
erase of acute lymphatic leukaemia cells, 
















12 xe stability and activity’ and it seems that the 
position: of the. amino acid in the polypeptide is the crucial 
factor’. — 







We ha ently reported". 432 that the analogues p-fluoro- 
pheny P).and ethionine (ETH) are strongly mutagenic 
to re tions in the basidiomycete Coprinus lagopus, 
induc base changes with a maximum of a 500-fold 
increase 


he spontaneous mutation frequency shown by 
o which induces 64% o inhibition. 





jut .genicity of a eats of a amino acid analogues has been 
reported in Chlamydamonas eugametos and in Ustilago 
maydis™ 

To gain a better dudasianding of the mutagenicity of amino 
acid analgues and because of the availability of defined replica- 
tion and repair mutants in Escherichia coli, we tested the 
mutagenicity of PFP on reverse mutations in the bacterial 
system. Two point mutations were studied, the leucine 
requirement in strain C600 and the tryptophan requirement in 
strain A58. As with Coprinus, PFP was incorporated into the 
growth medium, in this case liquid Davis minimal medium, at 
concentrations ranging from 10°° M pL-PFP to 5 x 1074 
M pi-PFP, a concentration which gave linear growth. At 
time zero, flasks were inoculated with exponentially growing 
cells and grown to stationary phase or for 5 h in the case of 
high analogue concentrations. The cells were washed and 
plated onto minimal medium reversion plates and viability 
plates supplemented with the auxotrophic requirement. In 
both cases, however, the analogue PFP had no effect on the 
reversion frequency of either the Jeu or tryp loci. The incorpora- 
tion of “C-PFP confirmed that PFP was being incorporated 
into the protein fraction. Similarly, 10°? M pL-PFP had no 
mutagenic effect on the reversion frequency of Pseudomonas 
aeruginosa PAO 381 (lew). 


resistance to the analogue and E 


244, 4406-4412 


~ substrate. 





The mutagenicity of PFP was then tested on bacteriophage 
T4, chosen for its independent DNA polymerase synthesis. T 
effect of PFP on the plaque-forming ability of Targi 271 
E. coli K and the plaque-forming ability of the amber meta 
T4ami22 on the nonsuppressive strain Eccoli Bir/t. was 
studied. In both cases phage was inocula ae al time 2 zero H into a 
permissive host grown previously for 2.) 
10 M pi-PFP. After a further 3 h, 
the plaque-forming ability aa 
effect on either system. 

Analogues norleucine and canava 
negative effects on E. coli reversion freq 
city of ETH was not tested as the s 


















































S-adenosyl-ethionine in Æ. coli (ref. I5) 
In Coprinus, PFP treatment follows 
a6 W Philips TUV mercury vapo 
showed a maximum mutational syne 
expected additive reversion freque 
unpublished). Mutational syner 
interaction between mutational pa: 
these results as the effect of PFP inc 
repair enzymes. As PFP showed r 
it might be possible to detect its effect 
synergism between PFP and ultraviok 
M pL-PFP was. chosen as a suitable i 
ultraviolet treatment, so as not to ind 
resistance enhancement. Log phase. 
grown in the presence of the analogue 
for varying times. Analogue treatrns 
violet survival or reversion frequene 

To clarify the difference between pr 
to analogue mutagenesis, we chose, 
mutations in the mitochondrial and nuciea i 
myces cerevisiae. Theexistence of an E mito 
DNA polymerase”, the selective depression of mitochon 
protein synthesis in the presence of a fermentable subst 
and the differential sensitivity of certain strains to ana i 
in conditions of growth on nonfermentable or ie 
substrates!*, make the system advantageous for t 

Two strains of S. cerevisiae, D26 (adenine regun 
mycin sensitive) and D6 (methionine requiring, « 
sensitive) were chosen. D26 showed a three: 
two-fold increased sensitivity to PFP en. 
The effect of PFP on the nuciea 
met and mutation to erythromycin (1 mg 
mitochondrial marker-—-were studied. Li 
extract and glycerol yeast extract media, supr 
analogue at concentrations giving up to 30° grow pa 
were inoculated with 10® yeast cells and grown to 
phase. The cells were washed twice and tested on Wic 
synthetic medium, fully supplemented in the case of v 
plates, but without the auxotrophic requirement in the. reve 
plates. Resistance to erythromycin was tested ; 
yeast extract with | mg ml“ erythromycin added CI 

The positive effect of the analogue on the nuel 
yeast, confirms the results in Coprinus, The entire 











Table 1 The mutagenic effect of PEP on , mitochond : 

markers in Saccharomyces cerevisiae strains D26 faa” e: 

(met eryth’) when supplemented to both yeast extract glucose: 
and yeast extract glycerol (YEG) media 
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Mutation frequency per 10° viable cells 
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Contro! LS x 3.0 » 
— | 1OSMPFP if MPEP 
YEG and YES YEG YES 

ad ° 3.5 3.3 9.2 
D26 

eryth’ 24.6 25.8 13.5 

met” 3.0 5.9 76 
D6 
° eryth* 24.3, 10.4 EN moe 














rokaryotes, confirms the esate en in a prokatyotes. 
might be possible to explain the differential response to 
'P on the basis of amino acid composition of DNA replication 
d repair enzymes in pro and eukaryotes, that is, while 
enylalanine might be strategically placed tn fungal replication 
epair enzymes, such as at the active site, phenylalanine 
ntly placed in bacterial and mitochondrial replication 
epair enzymes, could account for the difference. From 
_ Table 1, the maximum mutagenic effect obtained in yeast is 
- considerably lower than in Coprinus, at comparable growth 
- Inhibitory concentrations. This can also be explained on the 
<- differential importance of phenylalanine in the active centres 
>in the DNA replication and repair enzymes in yeast and 
Coprinus. W this is so, then certain analogues should show 
| mutagenicity in prokaryotes. The few we tested did not. 
fardee and Prestide!? reported that no mutagenic action of 
azatryptophan was noted in mutation to streptomycin 
tance in E. coli or the plaque-forming ability of T2. 

he differential response might implicate the presence of 
tone and nonhistone proteins in eukaryotic chromosomes. 
'P induces haploidisation inversions and transversions in 
ttain fungal species by affecting chromosomal division”® 
dintegrity™. In Chlamydamonas the phenylalanine analogue 
amino-3-phenylbutanoic acid, as well as being mutagenic, 
uses chromosomal abberations, suggested by McBride 
‘Gowan! to be the result of incorporation of the analogue 
chromosomal associated proteins. Hare’? reported that 
ivanine incorporation into histone and nonhistone proteins 
lice, Mammalian and hamster tumour cells, inhibited DNA 
hesis.. “Chromosomal abberations and an exaggerated 
ponse to mutagens have been found in children suffering 
n severe protein starvation®®. 

veral reports have been made of the differential response 
yacteria and higher organisms to various mutagens*4~*’, 
t of these effects have been attributed to physiological 
lifferences between pro and eukaryotes. The differential 
onse to amino acid analogues indicates a difference on the 
yasis of the replication and repair of DNA. 

© -We thank Dr B. A. Bridges for pointing out to us the work 
of George and Witkin®* suggesting that some ultraviolet repair 
< enzymes might be inducible by ultraviolet. If this is true then 
the interpretation of our experiments with PFP and ultraviolet 
light is more uncertain. This does not, however, alter the 
< validity of the comparison between C. lagopus and E. coli. 

~. We thank the Wellcome Trust for supporting this research, 
-submitted as part of a PhD thesis to the University of London. 
E., coli strain C600 was supplied by Dr R. Rowberry; strain 
58 by Dr S. Neale; Ps. aeruginosa strain PAO 381 by Dr P. 
Clark and S. cerevisiae strains D26 and D6 by Dr D. Wilkie. 
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Naturally occurring 
cytotoxic anti-tumour antibodies 
in sera of congenitally athymic (nude) mice 


Ir has been suggested that a natural function of the immune 
system is the detection and elimination of nascent auto- 
chthonous tumours and that clinical tumour development 
reflects a failure of this immune surveillance function’. 
Evidence for the involvement of thymus dependent immune 
processes in the prevention of spontaneous malignant dis- 
ease is lacking. Thus, no significant increase in tumour 
incidence has been observed in either neonatally thymecto- 
mised (R. T. Prehn, personal communication) or congeni- 
tally athymic (nude) mice". If, as suggested by other 
studies. immune surveillance does, in fact, operate’, it is 
likely that it will involve a thymus-independent immune 
process. We have detected in sera of many normal mice 
IgM antibodies which are cytotoxic for several spontaneous 
and induced tumour cell lines (unpublished). The possible 
role of these antibodies in immune surveillance is uncer- 
tain, but if they are a manifestation of active immune 
surveillance, they would be expected also to occur in the 
sera of nude mice. 

Nude mice (from Olac Ltd, Southern Bicester, England) 
have been studied in this laboratory and shown to have a 
near complete absence of 4-positive thymus-derived lymphoid 
cells". Sera were obtained from these mice and were stored 
in aliquots at —20°C, The sera were tested for comple- 
ment dependent cytotoxic activity against several tumour 
lines maintained in this laboratory. Two tumours which 
recently arose spontaneously in normal C3H mice were 
included in this study. One is a lymphosarcoma with surface 
bound IgG. immunoglobulin and is referred to as yG2L5S. 
The other is an in vitro cell line derived from an ovarian 
teratoma. The cells are relatively undifferentiated epitheloid 
cells and are designated Ter-B. The other tumours tested 
are Maintained in ascites form and are used extensively in 
several laboratories. They are C1300, a neuroblastoma of 
strain A mice: and EL-4, 11210, and PU-5, leukaemias of 
CS5S7BL, DBA/2, and BALB/c mice, respectively. 

Individual sera obtained from six, ten-week-old nude 
mice were tested undiluted against various tumour cell lines 
and were found to possess significant complement dependent 
lytic activity against all but the PU-S target cells. A pool of 
the sera from the individual nude mice was also tested at 
several dilutions against the different tumour cell lines. The 
results of these cytotoxic assays are depicted in Fig. 1. The 
observed levels of cytotoxic activity are within the range of 
variation obtained when different sera of normal mice are 
similarly tested (unpublished). Sera from nude mice show 
no cytgtoxic activity when tested on normal allogeneic 
spleen cells. 

The pfesence of naturally occurring cytotoxic antibody in 
the sera of nude mice indicates the capacity of the thymus- 
independent immune system to respond immunologically to 
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| Dilution of serum 


it dependent antitumour cytotoxic 
btained from nude mice. Target cells 
om: the following tumours: Ter-B (A); 
O(@); C1300 (MD); El-4 (0), and PU-5 (A). 
ption of tumours. In each assay, 50 ul 
-containing 310° tumour cells mi- in 
fied minimal essential medium with 10% 
were added to 50 al of a dilution of 
1 obtained from nude mice. The mixture was 
t45 min in a humidified incubator at 37° C 

CO::90% air atmosphere. The cells were 
00 ul of medium and resuspended in 50 al 
on of rabbit serum as a source of comple- 
t serum had been previously absorbed at 
fth volume of mouse spleen cells to re- 
\fter 45 min incubation in the presence 
e tubes were placed in an ice bath. A 
trypan blue solution was added to the 
d aliquots removed for microscopic 
onviable (stained) cells. Two groups of 
ed in each experiment: first, incuba- 
“with serum of nude mice, but followed 
of medium rather than complement and 
subation of the cells in medium followed 
1 complement. Less than 5% nonviable 
tved with the first group of controls for each 
ne tested. Less than 15% nonviable cells 
with the complement control (C) for each 
ur cell lines tested. Specific [ysis was calculated 
ting C from the % nonviable “elle observed with 
is complement, dividing by (100-C) and multiply- 
00. Duplicate determinations of cytotoxic activity 
Ge mouse sera were made for each tumour cell line. 






































tumour-associated antigens. The nature of the antigens 
recognised by naturally occuring antibodies in sera of nor- 
mal mice is cùrrently being investigated. Some of these 
antigens are expressed in appreciable amounts during foetal 
development, while others are expressed in certain allo- 
geneic strains®”. It is possible that cytotoxic anti-tumour 
antibody production is partly maintained in normal and 
nude mice by the derepression of these foetal and alloanti- 
genic components on nascent autochethonous tumours. 
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Homology between human b 
RNA and mouse mammary 
virus genome 


SEVERAL studies have provided in 
particles related to mouse ma 
(MuMTV) with human breast cai 
morphological and biochemical si 
milk particles and known oncorne 
laboratories*, Axel er al’? demon 
between MuMTV genome and } 
from human breast tumour by f 
experiments. Using Cs2SQ, density 
showed that 67% out of 29 tumo 
amounts of MuMTV-related RNA 
problems involved in CsSO, gt: 
possible to determine hybridisatio 
paper we describe hybridisation ex 
specific DNA probes and human ' 
stringent conditions. 3 
We have used single-strand spec 
Aspergillus oryzae? for the detection. 
This enzyme specifically degrades 
acids but not double stranded m 
hybrids. Highly radioactive, com 
antly single-stranded DNA synthe 
directed DNA polymerase of Mu 
actinomycin D was used as a pr 
related sequences in whole cell RÌ 
tumours. Most of the human lesio: 
by examining representative frozen së 
to give maximum ratio of malignant cells 
Detailed data on the histopathology and an 
tumour tissues in relation to hybridisation wW 
elsewhere. ae 
Optimum hybridisation conditions described by Varm 
et al.’ were used (see Table | for details). The e 
were performed under conditions of excess R 
ing DNA probes. Under these conditions t 
isation is determined by the concentration © 
RNA and time of incubation. The product of | 
and time of incubation (s) is designated Cyr wh 
to the Cot value described by Britten and | 
Crt values were computed from the Axo of the RS 
and corrected to 0.18 M[Na‘*] according to Britten : 
Smith®, — ae 
To provide a rapid determination of bybr 
tumour RNAs were incubated with MuMTV- 
at Crt values greater than 10°. Table 1 sun 
results obtainéd. Any tumour RNA that hy 
than 10% of,the DNA probe was consi 
positive. It aan be seen that out of 17 tu 
RNA sequences homologous to MuMTY 4 
case (HuT 11) the tumour tissue itself 
homologous RNA but surrounding ‘control’ 
negative for MuMTV-related RNA sequences 
DNA probe synthe8ised by Mason-Pfizer m 


















© Table 1 Hybridisation of human tumour RNA with MuMTV DNA 









probes 
Tissue Histopathology Hybridisation with MuMTV 
probe 
Human "4 DNA hybridised Crt 
tumour no. 
Invasive carcinoma of breast 
HuT-3 Mucinous type 0.89 2.87 x 104 
HuT-4 NST* 0.0 2.32 x 104 
HuT-5 NST 1.56 3.73 x 104 
HuT-6 NST 0.0 2.72 x 108 
HuT-8 NST 0.67 3.35 x 10t 
HuT-9 Medulary type with 42.0 2221: x OF 
in situ foct 
~HuT-10 Medulary type 6.9 1.4 x 108 
HuT-12 NST 76.7 6.73 x 104 
oo. AuT-13 NST 54.4 3.56 x 104 
203 . HuT-16 NST 0.0 3.96 x 104 
<o Hut-17 NST 0.0 2.3 x 1% 
a situ, carcinoma of breast 
- HuT-7 Lobular type 68.0 2.16 x 108 
‘HuT~11 Lobular type 18.0 2.72 x 104 
-HuT-14 Ductular type 1.66 2.16 x 10 
act HuT-15 Ductular type 0.0 3.93 x 104 
Other human tumours 
<o HuaT-1 Adenocarcinoma of 0.89 3.07 x 104 
we colon 
<o HuT-2 Carcinoma of cecum 4.58 3.34 x 10! 
-. Benign breast lesions 
oo Control Lobular & ductal 
of HuT-—11 hyperplasia 0.0 1.19 x 104 
‘Control’ Lobular & ductal | 
: of HuT-—14 hyperplasia 3.54 1.92 x 104 
- Controls 
Rat liver — 0.0 3.0 x 10 
MuMTV 
70S RNA -—— 100 4.12 x 19° 
RIHI 
lactating 
mammary 
gland — 100 5.00 x 108 
=o. transplanted 
mammary 
tumour -=~ 100 2.22 x 10* 


= *NST = No special tvne 


: RNA from tissues was isolated by SDS-phenol extractions, 
= DNase treatment and ethanol precipitation as described by 
Varmus et al.” and resuspended in 0.02M Tris HCI pH 7.2 to 
give a concentration of about 10 mg mi-'. The DNA probes 
were synthesised from ~1!1.5 mg purified MuMTV from RIH 
- mouse milk. The following solutions were added to the virus 
- suspended in 200 #1 0.01 M Tris HCI pH 8.3: 24 pl of 1 M 
= DTT; 20 wl of 1% bovine serum albumin; 12 pi of 5% 
<. Nonidet-P40; 16 ui of 2.5 mM ATP; 50 ul of 1 mg mi™ acti 
coo nomycin D; 100 „i of a mixture containing 0.25 M Tris-HCl 
- pH 8.3, 0.05 M NaCl, 0.04 M MgCl,; 60 wl of a mixture 
containing 0.01 M each of dCTP, dATP and dGTP; and °H- 
TTP (specific activity 50 Ci mmol~') was added to give a con- 
centration of 10 uM. After the incubation at 37° C for 18 b 
the reaction was stopped by adding 1/10 volumes of 10% SDS 
and 4M NaCl. The reaction mixture was diluted to 2 
ml with a buffer containing 0.01 M Tris HCI pH 8.3, 0.01 M 
EDTA and 0.1 M NaCl and extracted three times with phenol- 
cresol (7:1 pH 7.5). Following overnight ethanol precipitation 
the template RNA molecules were digested by treating the 
probes in 0.003 M EDTA with 100 ug mi~! RNase A at 37° C 
for 1 bh. The RNase was destroyed by the treatment with 0.6 M 
NaOH at 37° C for 1 h (ref. 12). After neutralisation with HCl 
the probes were precipitated in ethanol and resuspended in 
0.02 M Tris HCl pH 7.2 The hybridisation reactions were carried 
out at high Ct values (see text) in duplicate 5 ub mixture sealed 
in capillary tubes and incubated at 68° C for 66 h. The mixture 
contained 30 to 50 ug RNA and 300-500 c.p.m. ef DNA probe 
in 0.04 M Tris pH 7.2 0.002 M EDTA and 0.6 Me NaCl. After 
the incubation hybridisation mixture was treated with single- 
strand specific nuclease (S,) from Aspergillus oryzae’ according 
to the method described by Varmus ef al’. The probes annealed 
with heterologous RNA (rat liver) were also treated with S to 
give self-hybridisation values which were used to correct the 


results, . ; bd 


° Hybridised 








lio? to 10) 10: Ip 10° 
Cimos 


Fig, I C,r curve analyses of hybridisation between MuMTV 
DNA probes and RNAs from various sources, The conditions 
of hybridisation were the same as in Table 1. Different Ca 
values were obtained by diluting the test RNAs with hetero- 
logous (rat liver) RNA. @, MuMTV 70S RNA; W, RIH iacta- 
ting mammary glands; @, C57 transplanted mammary tumour; 
A, various human tumours including positive tumours (Table 1) 
HuT 7, 9, 11, 12 and 13. 


(MPMV, a virus isolated from the breast tumour of a 
rhesus monkey) was used for hybridisation under the same 
conditions, none of the tumours tested showed any RNA 
sequences homologous to MPMV genome (data not shown). 

Hybridisation kinetics for the positive tumour RNAs 
were observed by Cyt curve analysis shown in Fig I. For 
comparison, Cyt curves obtained with MuMTV 70S RNA. 
RNA from RIII lactating mammary glands and from C47 
transplanted mammary tumours are also illustrated. All 
five positive human tumour RNAs showed varied rates of 
hybridisation. By comparing Ct ;/2 values of various human 
tumour RNAs with MuMTV 70S RNA it is possible to 
arrive at an estimation of virus-related RNA molecules in 
these tumours. As seen in Table 2, the numbers of MuMTV 
related RNA molecules per cell in these tumours was low 
ranging from 1.5 to 8. These estimates are based on the 
hybridisation of a nonuniformly represented DNA probe 
and are likely to vary depending upon the representation of 
viral genome in the synthesised DNA probes. 

Thermal stability of hybrids is an important criterion for 
establishing their true nature. Figure 2 shows a thermal 
stability experiment performed on the hybrids formed be- 
tween MuMTV DNA and human tumour RNA. The Tx 
for the hybrids of MuMTV DNA and RNA from RHI 
lactating mammary gland (a tissue which produces MuMTV) 
was 69° C compared with 62° C for the hybrid of MuMTV 
DNA and human tumour RNA. This difference in thermal 
stability would indicate about 5% mismatching between 
the MuMTV DNA and the tumour RNA (ref. 10). 
Considering the species differences between the sources 
of two nucleic acids, the hybrids were remarkably well 
matched. 

Extensive electron microscopic searches have failed to 
reveal unequivocally the presence of complete MuMTV-like 


Table 2 Estimations of MuMTV 70S RNA equivalents per cell 


Samole Creie*® & Viral RNA  MuMTV 70S 

RNA equiva- 
lents per 
cell 

MuMTY 70S RNA 1.5 x 107 100 — 

HuT 7 7.5 x 108 0.002 8 

HuT 9 3.3 x 104 0.00045 1.5 

HuT 12 2.1 x 104 0.00072 Lee 

HuT 13 2.75 x 104 0.00054 1.68 

RII lactating 

mammary glands 5.2 x 10? 0.029 90 

C57 transplanted 

mammary tumour 1.9 x 10? 0.0078 25 





*C tat which 50%% of the input DNA probe was hybridised 

By comparing Ct Y? of MuMTV 70S RNA and of the test RNAs, 

percentage of MuMTV-related RNA in a given sample was deter- 

mined. Based on assumptions that each MuMTV 70S RNA weighs 

1.6 x 10" pe and total cellular RNA weighs 5 x 10* ug, the number 
of MuMTV 70S-related RNA molecules per cell was estimated. 
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100 be 


“a Denatured 
LA 
S 


Temperature (C) 


ity experiment. Approximately 7,000 c.p.m. 
“were annealed with RNAs from 
rand RHI lactating mammary gland 
ecipitation the hybrids were resus- 
Cl pH 8.3 and aliquots were heated at 
es for 15 min, chilled quickly and treated 
Sh nuclease as described in Table 1. 


Fig, 2 Thermal sta 
of MuMTV probs 
human breast tur 
(®). Following 
pended in 0.C 
various tem 
wit 


p | 


an breast tumours. (A. B. V., unpublished 
Sarkar, personal communication.) But 
1 this communication are very similar 
r murine tissues apparently negative 
on, Particularly, in spontaneous mam- 
Bic mice, B-particles of MuMTV are 
Ty personal communication), but a 
TV-related RNA is present", 
ut. theories of viral oncogenesis, the 
Should be integrated with the host 





particles in hu 


breast cancer, one should expect 
~ genomic information integrated into 
the. the tumour cells. We plan to investigate this 
possibility . uing molecular hybridisation techniques. 
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Levamisole inactive in 
treatment of four animal 


LevAMISOLE (2,3,5,6-tetrahydro-6-pheny! 
thiazole) a compound known to be | 
range of nematodes'?, has been repor 
humoral and cellular immune respo 
reduce the incidence of both pri 
metastases in the Lewis lung Ga 
mice*. We report here studies on th 
growth of four transplantable t 
immunogenic. They were: a trans 
induced tumour of CBA mice*; a ch 
(CELO) virus-induced tumour of 
leukaemia virus-induced lymphom 
chemically-induced metastasising 
inbred rats’. We also studied the 
humoral antibody response to ini 
hamsters. í 
The tumours were maintained & 
inoculation of tumour fragments at 2? 
inoculation of experimental animals, 
10-15 mm diameter were removed. from 
from normal and necrotic tissue and w 
saline. They were then minced to small 
with 0.25% trypsin; the resulting single cell 
washed three times in Hank’s saline, and § sus 
required concentration in Eagle’s minimal essent 
containing 2% inactivated calf serum. The celis. 
immediately to inoculate animals. A 10 mg mi“ ; 
levamisole was made in pyrogen-free saline, 
—20°C. Immediately before use, aliquots of the 
were thawed, and diluted to the required co 
pyrogen-free saline. 
Hamsters were inoculated subcutaneously 
viable adenovirus 12-induced tumour cells in an 
One group of these animals was inoculated s s 
with 0.5 mg kg of levamisole from 4 d bek 
with tumour cells, a second group was inocula 
sole from the day of tumour cell inoculation, and 
was untreated. Levamisole was given every: 4g 
start of treatment to the end of the study, The’ 
examined regularly for tumours, and the diariets: 
were measured with calipers. The results are. 
Of the 10 hamsters which were not treater 
single tumour was observed 17 d after ini 





inoculation. In contrast, the incidence of tw 
which had begn treated with levamisole from 
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Table 1 Effect of levamisole on transplanted adenovirus 12-induced tumours of CBA mice 


mranamrana Nena sieht sern ASSMAN ARNESON aaaea NNN nA 


a 





Levamisole No. of tumours (day after inoculation) 

from day 10 14 17 24 31 35 

(0.5mg kg) 
—4* 0/10 1/107 4/10 (0.25) 5/40 G1) 7/10 (1.8) 7/10 (> 2.5) 
0 0/10 3/10 (0.1) 5/10 (0.5) 6/10 (1.3) 9/10 (1.9) 9/10 (> 2.5) 
Nil 0/10 0/10 1/10 (0.5) 3/10 (1.0) 3/10 (2.1) 3/10 (> 2.5) 


* Treatment (0.5 mg kg~!) subcutaneously on alternate days from 4 d before tumour cell inoculation to end of study. 


+ No. animals with tumours 


renee mean tumour diameter in cm) 
No. animals inoculated ( | 


Table 2 Effect of levamisole on transplanted Rd/3 tumour cells of rats 


Experiment Levamisole Incidence of 
no. from day foot pad 
(0.5mg kg~*) 
(grade)© 
i ~.5* 3/3 (3, 3, 3%} 
Nil 3/3 (3, 3,3) 
2 0 3/3 3,3, 3 
Nil 23B, 
3 14 3/3 (3, 3,3) 
Nil 3/3 B, 3,3) 







+ No. animals with tumours 
© No, animals inoculated . 
{ Grade 1, tumour cells present only in subcapsular sinus; grade 


(grade of tumour growth). 
2, 


Table 3 Effect of levamisole on HI antibody response 








tumours at 35 d after inoculation 


popliteal paraaortic 
lymph node lymph node 
(grade) (grade) 
3/3 (2, 2, 1) 1/3) 
S/S 0-252) ELT 
1/3 (3) 1/3 (2) 
2/3 (2 1) 0/3 
2/342, 3) 1/3 (1) 
3/3 3, 3, 2) 3/3 (3, 3, 2) 


=: * Treatment (0.5 mg kg™) subcutaneously daily from day 5 before tumour cell inoculation to the end of the study. 


tumour cells present in subcapsular and radial sinuses, but without 


destruction of the lymph node; grade 3, massive replacement of the lymph node by neoplasm. 


to influenza A2/Aichi/68 vaccine in hamsters 


a aa e aiaiai i eiea i 


Previously A2/Aichi/68 Levamisole* Serum HI antibody to 
infected vaccine treatment (following immunisation with 150 CCA of 
with Al /FM/1/47 given (0.1 mg kg") A2/Aichi/68 vaccine) 
(150 CCA) Al/FM/1/47 ‘A2/Aichi/68 
21 d post infection 14 d post immunisation 21 d post immunisation 

+ + ~- 6/6 (240-640)t 16 (15) | 5/6 (15) 
F -+ “te 6/6 (160-640) 4/6 (15-60) 5/6 (10-120) 
= + — 0/6 0/6 0/6 
A a -+ 0/6 0/6 1/6 (15) 


*0.1 mg kg™ inoculated subcutaneously on day of immunisation, and subsequently every 48 h for 14d. 


+ No. hamsters with HI antibody , | ren 
No. hamsters tested | (range of HI antibody titres). 


- cell inoculation was 7/10, and for animals inoculated with the 
drug from the day of tumour cell inoculation the incidence 
was 9/10, 35 d after inoculation. The incidence of tumours in 
= the two groups of hamsters treated with levamisole, when 
taken together, was significantly greater than that for the un- 
treated animals (Kë = 4.965; N = 1; P = < 0.02). Levamisole 
-» treatment therefore increased the incidence of transplanted 
adenovirus 12-induced tumours in hamsters. 

In a similar way, the transplantability of a CELO virus- 
induced tumour of hamsters and a Moloney virus-induced 
lymphoma of BALB/c mice was investigated in animals treated 
with levamisole. The incidence of both these tumours was 
similar in treated and untreated animals. Thus, levamisole 
treatment did not decrease either tumour incidence or the size 
of tumours produced by transplanted CELO virus-induced 
tumour cells of hamsters, or Moloney virus-induced tumour 
cells of mice. 

Groups of rats were inoculated into the foot pad with 
5 x 10° RD3 cells; some of these animals were given levamisole 
(0.5 mg kg“) daily for 5 d before tumour cell inoculation, others 
from the day of tumour cell inoculation, and’ a further group 
were given levamisole from 14 d after tumour,cell inoculation 
when the tumours were well established. The incidence of 
tumours at the site of inoculation, and the grade of metastatic 
tumour growth, is shown in Table 2. For animals treated with 
levamisole before or from the day of, tumour inoculation, the 
incidence of tumours in the foot pad and the extent of meta- 
static tumour growth in the popliteal or parg-aortic lynfph 






glands was similar for treated and untreated control rats 
(Table 2, Experiments 1 and 2). In the remaining test, where 
levamisole treatment was started 14 d after tumour cell 
inoculation, the degree of metastatic spread was less than that 
of untreated rats (Table 2; Experiment 3). This result, however, 
could not be repeated in further studies. The results indicate 
that levamisole did not significantly affect the incidence of 
primary or metastatic growth of RD3 tumour cells. 

Two groups of hamsters were infected intranasally with 
influenza virus Al/FM/1/47 (HINI). It has been shown in 
previous studies that hamsters do not produce haemagglutina- 
tion inhibiting (HI) antibody in response to conventional doses 
of influenza virus A2/Aichi/68 vaccine unless previously 
infected with live influenza A virus**. Three weeks after 
virus infection, these hamsters, which all developed HI antibody 
to the infecting virus, together with two groups of normal 
hamsters, were inoculated intramuscularly with 150 CCA of 
inactivated influenza virus A2/Aichi/2/68 vaccine. One group 
of infected and one group of uninfected animals were also 
given 0.1 mg kg! levamisole subcutaneously on the day of 
immunisation, and subsequently every 48 h for 14 d. Serum 
specimens were collected from all hamsters at each stage of the 
experiment from the retro-orbital sinus, and tested for HI 
antibady. The results are shown in Table 3. None of the 
hamsters given vaccine only produced demonstrable serum HI 
antibody and one of the immunised animals given levamisole 
produced antibody (Table 3). For hamsters infected with 
influenza virus Al/FM/1/47 and later immunised, one animal 
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developed serum HI antibody detectable at 14 d after inocula- 
tion, and four developed antibody after 21 d. In contrast, for 
the six virus infected and immunised hamsters which were given 
levamisole, four developed serum HI antibody to the vaccine 
virus at 14 d after immunisation (geometric mean titre (GMT) 
1:22.8} and one dev d HI antibody at 21 d after immunisa- 
tion (GMT = I: ‘Thus, in hamsters primed by previous 
infection with in La. virus A1/FM/1/47, levamisole pro- 
moted an earli m HI antibody response, and higher 
titres of antibod detected. 

The reaction of the host to experimental chemical or virus- 
induced tumours has been shown to be a cell-mediated immune 
reaction??"! and this: : 




























cellular immune reaction has been 
specifically shown for the adenovirus 12-induced tumour of 
CBA mice and CELO virus-induced tumours of hamsters used 
in the present study (ref. ‘12 and R.C.R., and C.W-P., 
unpublished). In addition, factors which promote the cellular 
immune reaction of the host may result in an increased 
immunity to transplanted tumour cells!*-. Levamisole has 
been reported to increase the immune response of mice; the 
drug re-established the immune reactions of aged mice, and 
enhanced cell-mediated immune reaction. In addition, leva- 
_ misole was reported to cause a significant reduction in primary 
tumour formation and metastases in mice inoculated with a 
transplantable lung tumour’. In our study, however, the effect 
of the drug on tumour development could not be extended to 
four: further: transplanted animal tumours. Levamisole, at the 
same concentration as used in the earlier study, had no effect 
on three transplantable tumours; and the effect on an adeno- 
virus 12-induced tumour of CBA mice was to enhance tumour 
development. 

Sera from CBA mice bearing transplanted adenovirus 
12-induced tumours has been shown to contain a serum factor 
which promoted the development of transplanted tumours by 
interfering with cell-mediated immunity!*, Blocking factor 
has been described for other tumour-bearing animals'¢2? 
and in serum from patients with cancer. It has been suggested 
that the blocking factor is a serum antibody'* or antigen- 
antibody complex. Thus, the promotion of humoral antibody 
may lead to the formation. of blocking factors which would 
enhance tumour growth. 

Our study shows that levamisole enhanced the serum HI 
antibody response of hamsters to A2/Aichi/68 vaccine, and 
lack of activity to this drug may be due to the stimulation of 
humoral antibody and the blocking of cell-mediated immunity. 
In contrast, levamisole was shown to reduce the incidence of 
Lewis 3a tumours of mice®. The effect of levamisole may vary 
for different tumour systems, therefore, as the antigenicity of 
tumours and the immune response to different tumours is not 
identical. 

Levamisole was supplied. by Dr D. C. Davey, of ICI Ltd, 
Macclesfield, Cheshire. 
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Embryo-derived teratocarcinomas | 
splenomegaly in syngeneic host 


Mouse egg-cylinders transplanted to extraul 
develop either as teratomas (benign tumours ci 
adult tissues) or as teratocarcinemas € 
malignant tumours containing, in addition, u 
embryonic carcinoma cells)'*. Rat egi i 
transplanted, however, always develop: 
transplanted to a syngeneic host, C378) 
cylinders develop as teratomas but when t 
(C3H x CS7BL)F, hybrids they develop — 
cinoma**. This suggests that the host reaction. 
in determining the fate of a transplanted emb 
embryonic and foetal antigens which are f 
during malignant transformation are now well gs 
and we thought that an immunological reactii 
against embryonic antigens in the egg-cylir 
determine whether the transplant develops as & 
aes a 7 seamen fe 














































A or ae 0 and we ave fauna: that E 
always present in mice with transplanted | 
is much more pronounced in those with tera 
Splenectomy, however, reduced the growth 
planted embryos, suggesting that the in 
action of the host stimulates the growth of 
Seven-day-old mouse egg-cylinders (the da 
vaginal plug was found was considered day 0) wi 
from uterine swellings of pregnant C3H/H mit 
planted under the kidney capsules or into the 
week-old syngeneic or (CS7BL x C3H/HIP. 
pients as before’. To exclude reaction to an 
to the Y chromosome", and presumably p 
of the transplanted egg-cylinders, all recy 
Animals were killed two months later. 
from the embryos and the spleen of each t 
animal were weighed and examined histol 
animals of the same age kept under ider 
served as controls for the weight of the sp 
the C3H/H animals were splenectomised at. 
grafting. 
As Table | "shows, the weight of the tumo 
from under the kidney capsule differed sigr 
those obtaingd by grafting the embryo. 
Tumours from embryos grafted to hy 
weighed significantly more than those in 
Tumours from embryos grafted into syng 
were splenectomised at the time of tra: 
nfuch smaller and weighed significantly les 



















the kidney capsule 
Strain of recipient 


Location C3H/H (C3H/H x C3H/H 
CS7BL) splenecto- 
F, hybrid mised 
Kidney 3,212 + 689 4,130 + 805 1,139 + 449 
(31) (29) (21 
Testis 


2,149 + 529 ~~ — 
(39) 





All tumours were obtained from grafts of 7-d-old C3H/H 

mouse ege-cylinders. Weight is given in mg + s.e. When the 

t-test was applied, values for each group differed significantly 

from all others (P <.0.01). The number of animals in each group 
is given in parentheses, 


-in untreated syngeneic hosts, irrespective of the site of 
transplantation. 
All grafts induced some increase in the weight of the 


= host’s spleen (Table 2). Embryo-derived teratoid tumours. 


were classified on a histological basis into benign tera- 
tomas and teratocarcinomas. Spleens were significantly 
heavier in animals bearing teratocarcinomas than those 
© bearing tertomas. Tumours obtained from under the 
kidney capsule induced significantly more splenomegaly 
-than those in the testis. The difference in the weight of 
spleens is not only statistically significant when all tumours 
<in the kidney are compared with tumours in the testes, but 
also when teratomas are compared with teratomas and 
teratocarcinomas are compared with teratocarcinomas in 
the two locations. In spite of the larger size of tumours 
obtained under the kidney capsule in hybrid hosts com- 
pared with those in syngeneic hosts (Table 1), there was no 
- difference in the weight of spleens in the two groups 
= (Table 2). 





Table 2 Weight of spleens in mice bearing embryo-derived 
teratomas and teracarcinomas 





2 Strain of receipient 
= Location 


C3H/H (C3H/H x CS57BL) 
F, hybrid 
Teratoma Terato- Teratoma Terato- 
R carcinoma carcinoma 
= Kidney 194 + 30 374 + 37 162 = 37 353 + 37 
x (16) (15) (13) (16) 
- Testis 132 + 3 276 + 23 — — 
(23) (16) 
Control 117 + 2.45 122 + 3.22 
(18) (15) 





Values are given in mg + s.e. The f-test was used to compare 
means. All values differed significantly from the controls 
= (P <0.01 as well as among themselves (P <0.01) except for 
the weight of spleens in C3H/H and F, hybrid mice grafted 
with embryos under the kidney capsule. All tumours were 
derived from C3H/H egg-cylinders. The number of animals in 
each group is given in parentheses. Tumours containing undif- 
ferentiated embryonic cells (embryonic carcinoma cells) were 
classified as teratocarcinomas. Spleens from normal untreated 
males served as controls. 


Our data indicate that the weight of the spleen increases 
in all animals bearing grafted embryos. This splenomegaly 
.. suggests an immune type of reaction. Recent results have 
= shown a significant increase in the total number of spleen 
cells, the number of lymphoid subpopulations and in T 
and B cell functions in tumour-bearing affimals’’. Since 
only the largest grafts contained necrotic tjssue, spleno- 
megaly resulting from reaction to tissue destryction could 
be excluded with a high degree of certainty. Histologically, 
the appearance of these spleens corresponds to the descrip- 
tions of graft-induced splenomegaly’. 

We found heavier spleens in animals with teratocar- 
cinomas than in those with small, monproliferating terd- 


‘able 1 Weight of tumours grafted to the testis and under 


tomas (Table 2). There are at least two possible explanations 
for this: one is that there is more tissue for antigenic 
stimulation available in the large teratocarcinomas than in 
the usually much smaller teratomas; second, since terato- 
carcinomas contain foci of undifferentiated embryonic cells, 
these cells are developmentally and antigenically different 
from the host, and therefore may exert a stronger anti- 
genic stimulation than the cells in the teratomas. 

When transplanted, all grafts contain undifferentiated 
embryonic cells’, but these disappear from teratomas and 
persist only in teratocarcinomas. We suggest that the slight 
increase in the weight of the spleen of the teratoma-bear- 
ing animal represents a reaction to the presence of 
undifferentiated embryonic cells during the first 15 d after 
grafting of the egg-cylinder. Only the persistence of 
embryonic undifferentiated cells in the teratocarcinomas, 
however, could induce a three-fold or even more pro- 
nounced increase in the weight of the host’s spleen. 

Whether the size of testicular tumours, which differs as 
Table ! shows, is determined by some anatomical factor 
(blood supply, lower temperatures due to the scrotal 
location, or tenseness of the tunica albuginea) or is related 
to a possibly more or less immunologically privileged site 
for the growth of embryonic tissues remains to be 
determined. 

The greater weight of tumours obtained in hybrids at the 
same site in syngeneic hosts may be explained by minor 
antigenic differences between host and graft which pro- 
voked a stimulatory immune reaction". The reduction in 
weight of embryo-derived tumours caused by splenectomy 
at the time of grafting might be explained if blocking anti- 
bodies prevent tumour-invoked cell-mediated immunity in 
intact mice. In splenectomised animals such antibodies 
could be synthesised in much smaller quantities, leaving 
embryonic carcinoma cells exposed to the cellular immune 
response. Observations? that stimulation with foetal cells 
protects splenectomised hamsters much better than intact 
hamsters against SV40-induced tumours could be explained 
by similar mechanisms. Enhancing antibodies, secreted by 
the spleen, and thus not present in splenectomised animals, 
could also explain the smaller tumour growth. Our finding** 
that about half of the transplanted embryos develop as 
teratocarcinomas and half as teratomas might mean that 
small changes in the host’s immune response could swing 
development either way. Tumour cells probably produce 
many different classes of antibody, so that the outcome of 
tumour-immune system interaction would depend on many 
functions not easily controlled during an experiment. We 
are now trying to characterise the humoral and cellular 
response elicited by embryo-derived tumour, and to dis- 
cover how different components of immune response might 
regulate the development of transplanted embryo. 
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Immunisation of marmoset 
monkeys with a killed oncogenic herpesvirus 


HERPESVIRUSES are suspected to be causal agents in human 
malignant neoplasia. At the present level of knowledge, 
clinical trials in man with viral vaccines against oncogenic 
herpesviruses cannot be initiated, but the oncogenic herpes- 
viruses derived from monkeys'* can be used in vive to study 
the problems of herpesvirus cancer vaccines. The oncogenic 
herpesvirus. saimiri (HVS) regularly induces malignant. lym- 
phoma. in cotton topped (CT) marmoset monkeys (S. oedipus). 
A killed vaccine from HVS was developed in our laboratory 
and tested for safety and efficacy in this primate model system. 

For the production of the killed vaccine HVS isolate No. 810 
(ref. 1) was cultivated on owl monkey kidney (OMK) cells?, 


Table 1 Immunisation of six CT marmoset monkeys with killed 
VS 
Time post Gann titre Serum antibodies 
Anima! vaccination of whole blood against HVS 
(d) (TCID,, mi~?) Nit CF} 
174 A 2678 <10% > 3.3 l: 8 
175 A 2538 a Qe 2.5 s 
ISLA 2118 < 10% 3.3 € 
214 1228 < {or > 3.0 1:64 
215 1224 <10% 3.0 1:64 
216 $228 Qn > 3.0 pi 
mamamana aana anna 


* Determined in OMK cells. 

t Neutralisation indices. 

t Titres of HVS specific complement fixing antibodies. 
$ Monkey stili alive. l 

“ Sera had anticomplementary activity. 


Table 2 Challenge of three immunised | CT marmoset monkeys and infection of three contro! animals with 10°" 


Time inte rval 


treatment completely destroyed the 


Survival time 





HVS nai the OMK ale t 
with fresh medium, free of aie 
4° C, was centrifuged twice at 2 
clarified fluid containing virus. w 
membrane filters (450 um). The fi 
(Branson Sonifier B-12, micro 
infectivity titre of this preparatio 
was 10°°-10° TCID;, mi>. The 
100 ml glass vials and heated at © 








































tested in OMK cell cultures. The he: 
significantly reduce the titre of the HVS 
fixing (CF) antigens. CF titres were dete 
to standard techniques’ using an HVS ant: 
monkey®. In addition to the heat treatment the + 
tion was incubated with formaldehyde (100 pg 
PH adjusted to 6.5 at 37° C). The formalde 
stopped after 6 d by neutralisation with ¢ 
disulphite (Na 2S ,0;). The formaldehyde. hac 
75% Of the HVS specific CF antigens. The 
was concentrated 100-fold by dialysis aga 
biochem, Los Angeles). The concentrate was 
[2,000¢ for 10 min at 4° C (B 20 centrifuge, fy 
Equipment, Boston) and the supernatant was store 
and used for vaccination. From each vaccine i 
(10 ml), 30% were tested for cytopathogenicit : 
No CPE appeared in these cultures aig an: 
period of 36 d. . 
In contrast to previously reported finding 
of infectious HVS particles were found: i 
when the heat treatment of HVS at 56° € wi 
30 min. The survival curve of HVS is mulig 
treatment with heat as well as after treatment | 
hyde. For vaccine production this problem could” 
by prolonged incubation periods. 
The killed vaccines were tested for infectivity, oO 
and antigenicity in CT marmoset monkeys. A di 
to be drawn between infectivity and oncogenicity © 
viruses since killed herpesvirus hominis induced q 
transformation in vitro without productive in 
being absorbed with Aluminiumhydroxygel 
3% solution, Behringwerke, Marburg, WE 
adjuvant, nine CT marmosets were imma 
intramuscular inoculations of 1.0 ml each of t 
concentrate were given to each animal 
The killed HVS vaccine in all these mo 
titres of neutralising and CF antibodies: ay 1 
The neutralisation tests were performed in OMK cel 
with a constant serum dilution (1:5) and aes 
virus dilution according to standard techniques’. T 
antibodies appeared about 3 weeks after the first i 
and reached titres as high as those found in the serao 
non-immunised control monkeys, who dev l 
lymphoma after inoculation of infectious 
contrast to the tumour-bearing monkeys Ck p 




















Infectivity titre 


Animal between immunisation after inoculation of whole blood 
and challenge of HVS 
(d) (d) (TCID; mi ~1)* iJi 

174 BS 53 61" < 10°? 4:5 
175 BS 60 64** 1054 3,4 

191 BS 56 94** 1083 3.4 
184 Not immunised 33%** e > 1055 3.0 
185 Not immunised 30** > 1055 > 3.3 
186 Not immunised 2R** a 10829 3.0 
* Determined in OMK cells at the time of death. 
+ Neutralisation indices at the time of death. i 
+ Titres of HVS specific complement fixing antibodies at the time of death. 
§ Animals immunised in the same way as animals 174 A, 175 A and 101 A (Table 1). 
“ Died without signs of a tumour. 
** Died of malignant lymphoma. ° . 

































vaccines aroved | not aniy to ‘be fee of ar T HVS, but 
ilso to be non-oncogenic. All of the immunised monkeys 
remained clinically well; two of them (174 A and 175 A) have 
wen now under observation for 9 months (Table 1). 
The immunised monkeys 174 B, 175 B and 191 B were 
nged with 10%-8 TCID,, of cell-free HVS (passed through 
450 pm Millipore filter) by intramuscular inoculation. 
ce Monkey 174 B died 61 d after infection, of an accident, without 
signs of malignant lymphoma. Animals 175 B and 191 B died 
64 and 94 d post infection of a tumour which was charac- 
<> teristic for HVS in gross pathology and histopathology (Table 
9), Three control monkeys who received the same HVS inocula- 
tion had already died 28, 30 and 33 d post infection because 
of malignant lymphoma (Table 2). This result indicates that 
-othe immunisation delayed the development of malignancy. 
Experiments are in progress to examine whether CT marmoset 
“monkeys, actively immunised against HVS, are resistant to 
hallenge with smaller doses of HVS than the very high 
challenge dosage already examined here. 
= These findings clearly demonstrate that a killed vaccine 
“from oncogenic HVS can be prepared which is safe in respect 
to infectivity and oncogenicity. The immunisation of CT 
marmoset monkeys with the killed vaccine induced high titres 
of HVS specific serum antibodies and delayed tumour develop- 
ment after challenge with a very large dose of infectious HVS. 
The recent demonstration of induction of lymphomas in CT 
¿marmoset monkeys® and an owl monkey? by EB virus may 
-aid in the extrapolation of our data in regard to the wanted 
vaccine against Burkitt's lymphoma in man. 
This work was supported by the Deutsche Forschungs- 
gemeinschaft, D-53 Bad Godesberg, West Germany. I thank 
ofessor R. Thomssen, Dr H. Steinke and H. Meents for 
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Involvement of IgE in con A-induced 
histamine release from human basophils 


in vitro 

CONCANAVALIN A (con A) induces the lense of histamine 
from rat! and hamster mast cells’ and human basophils. Time 
course, cationic requirements, enzymatic sequences and dose- 
response seem to be the same for con A-induced release as 
for antigen-induced release, which is mediated by reaginic 
antibody (reagin), believed to be bound by its Fe portion to 
a receptor in the membrane of the histamine-seleasing cell. 
Human reagin is an antibody of the IgE class’. Antibodies‘ 


2 specific for IgE can induce histamine release whereas the 
- papain digest? of those antibodies (which produces monomer e 


anti-IgE) fails to elicit a response and can inhibit the intact 
anti-IgE-induced release“. The requirement fog bridging fto 


and the Ee SAN properties of con A 12e iaaeaie 
that at physiological pH it can bridge two or more of those 
sugar moieties. The question is raised as to whether con A 
is bridging sugar moieties at the receptor for reagin, or 
whether it is bridging sugar moieties which are directly 
attached to the reagin. The nature of the receptor remains to 
be established and the observation that con A can induce 
histamine release raised expectations that this interaction 
could elucidate some of the properties of this receptor. 

The premise that con A is interacting with a receptor has 
been weakened by the report! that mast cells from rats 
immunised to produce high reaginic antibody released to 
con A whereas mast cells from nonimmunised rats did not. 
I report here that con A release from human basophils in 
volves IgE. Antibodies specific for the Fe portion of IgE 
(Pharmacia) and antibodies specific for the Fab portion of 
human immunoglobulins (Behring) were used. They were 
papain-digested to a monomer form, and lost the ability to 
induce histamine release but not the ability to bind the IgE. 
The data show that release induced by con A (Pharmacia) 
can be inhibited by Fe-specific monomer anti-IgE but not 
by monomer anti-Fab (Fig. 1). This indicates that con A- 
induced release in human basophils is mediated by the Fc, 
but not the Fab, portion of the membrane-bound IgE. The 
fact that Fe-specific monomer anti-IgE-inhibited release is 
not conclusive evidence that con A is not bridging sugar 
moieties at the receptor for IgE. If the IgE receptor has 
sugar groups close to the Fc portion of IgE, then a steric 
hindrance of the con A by the monomer is a possibility. 
However, human basophils can be passively sensitised”, 
which implies that not all the receptors for IgE are occupied. 
It is not likely that the monomer would sterically hinder the 
binding of con A to an unoccupied receptor. Since inhibition 
by the monomer is nearly complete, it indicates that either 
the receptor has no sugar moieties to which con A binds, or 
that the receptor must have an IgE molecule in place before 
an activation of the basophil can be mediated by it. 
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Fig. 1 Histamine release from the basophils of a nonallergic 
individual (A.A.). Cells were obtained by sedimentation of whole 
blood. The reaction was carried out at 37° C for 50 min in a 
Tris- buffered solution (pH 7.4) containing 0.03% human albu- 
min, 1 x 107" M Ca?*, Ix 10-? M Mg™ and 2 x 10° leukocytes per 
ml corresponding to 20-30 ng histamine base per mi (ref. 24). 
Supernatants were assayed for histamine by a spectrofluoro- 
metric technique”. Blanks were less than 5% of the total 
histamine content. In estimating the molar concentrations, 71,000 
daltons!® was assumed for con A, and 50,000 daltons® for the 
monomer preparations. Inset, histamine release induced by con 
A. The arrow on the dose-response curve indicates the concen- 
tration*of con A {6x 10-9 M) used to obtain the data in the 
other two curves. O, The effect of increasing concentrations of 
monomer Fe specific anti-IgE eons) on the release of a 
fixed amount of con A (6x 10-9 M), O, The effect of increasing 
concentrations of monomer anti-Fab (abscissa) upon the release 
of a fixed amount of con A (6x 10-* M). 
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Possible vile for the 

Fc receptor on B lymphocytes 

B LymeuHocyres', polymorphonuclear cells“, mast cells’ and 
cells of the macrophage-monocyte” series possess surface 
receptors for the Fe portion of the immunoglobulin 
molecule. In some cases the functions of this receptor is 
clearly understood but this is not true for B lymphocytes. 
It has been suggested that the Fc receptor on B cells plays 
a role in the localisation of antigen in the form of antigen- 
antibody complexes*. We propose an alternative hypothesis 
that the Fe receptor on B cells is a membrane receptor 
(termed the proreceptor) for the tmmunoglobulin which 
functions as antigen receptor on these cells and present 
some evidence compatible with this hypothesis. 

The plasma cell tumour MOPC 21 (P3) which secretes 
IgG! kappa molecules in tissue culture’ has surface immu- 
noglobulins but lacks Fe receptors®. Mutants which secrete 
altered immunoglobulin molecules or no immunoglobulin 
can be obtained’", and the nonsecretors lack surface immu- 
noglobulin®. According to our hypothesis the apparent 
absence of Fe receptors on P3 cells would be due to the 
occupation of Fe receptors by surface immunoglobulin. If 
this was the case it would be expected that nonsecretors 
lacking surface immunoglobulin would show the presence 
of Fe receptors. The results of our investigations on several 
cell lines are summarised in Table t. 

This shows that in accordance with the hypothesjs there 
is in general an inverse correlation between the presence of 
surface immunoglobulin and Fe receptors on the cell lines. 
However there is a variation in the intensity of the Fe recep- 
tor reaction on the different nonsecretor lines with X60 


. 








Table 1 Properties of the cell lines SSS 
















































Cell line Secreted molecules Fe receptors 
P3 IgG aie 
x27 igG sas 
X63 IgG — 
IF2 IgG with Cyl region. deleted — 

IF I IgG with Cy3 region deleted. > -$ 
Di-20 Nonsecretor a 

Pr4 Nonsecretor 

289-16 Nonsecretor 

x60 Nonsecretor 


Surface immunoglobulin was detected witii 
IgG fraction of a sheep anti-mouse Fab and : 
antiserum’. Fe receptors were detected by ar 
bovine erythrocytes coated with mouse antibody 
Tumour cells were grown in RPMI 1640 medium (Fi 
Scotland) containing 15° foetal calf serum. X27 was å 
lne derived from a P3 culture. X63, IFI, Prd and 28 
cloned from X27 cells, while X60, D1-26 and F2 were iso! 
a P3 culture. 

Because of variability from test to test, a 





four po 


denotes in general a reaction on greater than 3t 

culture; +-+ a reaction on 10-50%: + a reac 

cells while negative is not significantly above con 

indicator cells. The surface immunoglobulin staining g 

cells is weaker than on B lymphocytes and a two poin 
to describe the intensity of staining, 


showing no reaction. The mutations leading to nonsecre 
are unlikely to be simple and could also affect other 
of cell function. The variation in the Fe receptor r 
could be a consequence of this. The cell limes IFI a 
are more relevant as the mutations are likely to B 
restricted to the structure of the immunoglobulin r 
The weaker reaction on IF1 for surface mmunog 
accompanied by the appearance of Fe receptors. 
a weak Fe receptor reaction but there is no & 
crease in surface immunoglobulin. This imdicates 
Cy3 region is important in the binding of IgG 
receptors. This was confirmed by using purified 
inhibit Fc rosette formation. In the experimental è 
used, the wild type and IF2 protein are inhibitory wr 
protein is not (Table 2). 

The relation between surface immunoglobulin i 
receptors found on the cell lines is consistent with ou 
thesis provided that the surface immunoglobulin On | į 
cells is not secreted immunoglobulin passively 
from the culture medium. Experiments where 28 
were incubated with P3 IgG and then washed an 
with the rabbit anti-globulin showed that immuno: 
could be passively absorbed. Taking advantage- 
observation that rabbit IgG is recognised by mu 
receptors! we find that the presence of 10% rabbit 
can prevent absorbtion of mouse IgG from medi 
taining 50 mg ml! IgG. In contrast, the surface in 
globulin on secretor cells is not lost from cells gr 
10% rabbit serum for up to 7 d. This shows that the: 
immunoglobulin on the secretor cells is not 
absorbed. 

The majority of B lymphocytes in monse pos 
meric IgM receptors™"® but secreted IgM is fc 
weakly inhibit Fe rosettes on B cells’. One e 
that receptor IgM may have a higher affinity for? 
tors than secreted IgM. This possibility is being HY 
at present. 

Reports in the literature indicate a large mun 
murine leukaemias of non-T-cell origin which posse 


oo 










Inhibition of Fe rosettes on 289-16 cells with P3, TFL. 


Table 2 Peis) E 
IF2 proteins 


aramea EA raio nasser 


pA » inhibition 


Inhibitor °% reacting cells +s.e. 

Nil 24.0 + 4.2 DES 

P3(580 ug mb$) 5.8 + 1.7 Tha P- < 005 

IF1(580 ug mi 5.81.7 1.7 OP not 
significant) 

1P2(580 ug mi?) 6.4 æ 3.5 13.4 P < 0.05 
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receptors but no surface immunoglobulin‘. A light chain 
secreting variant of a plasmacytoma is also found to be Fe 
receptor positive. In patients with X-linked agamma- 
globulinaemia cells are found which lack surface immuno- 
globulin and possess Fe receptors’. We suggest that these 
may also be cases where the Fe receptors are exposed in the 
absence of immunoglobulin. 

Finally we would like to suggest that in view of the 
observations that antigen-antibody complexes can induce 
nonspecific transformation in lymphocytes" it is possible 
that the specific activation of B cells by antigen is mediated 
through proreceptors. 
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Con A differentiates among grass 
pollens by binding specifically 
to wall glycoproteins and carbohydrates 


AIRBORNE grass pollens are a major cause of hayfever. The 
allergens involved are mostly proteins and glycoproteins'~, 
which are stored in pollen walls’ and rapidly released on 
moistening and which seem to play a recggnition role in 
pollen/stigma interactions’. The capacity of certain plant 
lectins to bind specific carbohydrates and® glycoproteins 
and form precipitates with them in double diffusion tests” 
indicates a means of investigating these substances in pollen 
We report here how concanavalin A (con A), the lectin 


from jack beans, Canavalia ensiformis, differentiates among® 


grasses by specifically precipitating wall-held materials fram 
Ea 
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pollens mainly of nonfestucoid species. Furthermore, 
pollen of corn (Zea mays) and its closest relatives is easily 
distinguishable from that of other grasses by its character- 
istic reactions with con A. 

We have used double diffusion tests to screen grass pollen 
from 42 species (33 genera, including many known to be 
important sources of allergens) for materials precipitating 
with con A. Extracts from 9/42 species have given clear 
precipitation lines against con A (Table 1). The contrast 
between festucoids (1/23 reacting clearly) and nonfestucoids 
(8/19) is marked. In addition, the reacting andropogon- 
oids and Cynodon give denser precipitates than the rest, 
while Maydeae alone (Zea, Euchlaena, Tripsacum) produce 
two definite bands against con A (Fig. Ic). The relatively 
faint precipitates with Festuca, Phragmites, Stipa and 
Echinochloa are consistently reproducible (Fig. la and b). 
When diffusates of the positively-reacting pollens of Cyno- 
don, Sorghum, Zea and Festuca and of the negatively-react- 





Fig. 1 
(outer wells) against con A (inner wells). Extracts prepared 


Double diffusion tests of grass pollen extracts 
as in Table 1. a, Festucoids: 1, Lolium multiflorum: 2, 
Festuca rubra; 3, Poa annua; 4, Bromus inermis. b, Non- 
festucoids: 1, Phragmites australis; 2, Cynodon dactylon; 
3, Stipa falcata: 4, Danthonia eriantha. c, Nonfestucoids: 
l, Sorghum halapense; 2, Coix lacrymajohi; 3, Euchlaena 
mexicana: 4, Setaria geniculata. Arrows indicate faint pre- 
cipitin lines. d. Reactions of con A to various Zea diffusate 
fractions. After Sephadex G25 gel filtration, A, a high 
molecular weight fraction (>5,000 daltons) shows two clear 
bands; B, a low molecular weight fraction (< 5,000 daltons) 
shows no precipitation band; C’, a fraction from ultrafiltra- 
tion with a molecular weight of >10,000 daltons, showing 
precipitation corresponding to inner band of the pair present 
with whole extract. e, Reactions of con A to Zea extracts 
after proteolytic digestion or heat treatment. D, after treat- 
ment with insolubilised pronase; Æ, after treatment with 
papain; F, after incubation for Imin at 100° C. a, b, c, and 

photographed by dark field illumination of unstained gels; 
d, dried gel stained with Coomassie Blue. Z, Zea mays; 


C. con A. 


ing Lolium perenne were concentrated by ultrafiltration and 
partially purified by Sephadex G25 chromatography, Lolium 
continued to give a negative result, Cynodon now gave no 
reaction while the two andropogonoids and Festuca pre- 
cipitated con A as before. The Cyvnodon reaction probably 
involves carbohydrate diffusates rather than glycoproteins, 
and other faintly-precipitating species (where shortage of 
pollen has precluded more detailed tests) may fall into the 
same category. A high molecular weight Zea fraction 
(>10,000 daltons) shows two intense precipitation bands 
(Fig. Id), there being only slight precipitation in a lower 
molecular weight fraction probably containing carbohyd- 
rates. 

The two lines against Zea extracts are probably con A- 
bound’ glycoproteins, as one is eliminated and the other 
rendereti fainter by previous treatment with pronase (Fig. 
le). Preliminary experiments show that the con A-bound 
substances are antigenic and correspond in electrophoretic 
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mobility with two of the five antigens we have detected with 
high titre rabbit antiserum to Zea pollen diffusate’. Con A 
continues to precipitate extracts after incubation for 1 or 
20 min at 100° C (Fig. le) and it is interesting that sim- 
ilar heat stability is also characteristic of some of the ‘I’ 
antigens, considered to be the main allergens of other grass 
pollens'” 

When pollen is sprinkled on con A gels, both Zea and 
Euchlaena grains show radially-aligned wisps of precipi- 
tate within 2 min (Fig. 2a). After 3 h, intense deposits of 
precipitate were evident (Fig. 2b). These reactions do not 
occur in control preparations without con A (Fig. 2d), and 
when other pollens are mixed with Zea as controls of specifi- 
city (Fig. 2c) conspicuous precipitates form only around the 
Zea grains even after 24 h incubation. We have also modi- 
fied immunofluorescence procedures for pollen antigen 
location to detect sites of con A binding to glycoproteins 
or carbohydrates in freeze-sectioned Zea and Tripsacum 
grains. Intensely-fluorescing precipitins appeared only in 
pollen wall sites (Fig. 3a), on the surface of the outer exine 
and in the inner cellulosic intine layer, and were absent from 
appropriate controls (Fig. 34). The diffusible antigens of 
Phalaris tuberosa pollen have been located in these same 
sites’, and show characteristic release kinetics. Immediately 
grass pollen grains are moistened, proteins and glycopro- 
teins stored in cavities of the exine are released through 
surface micropores’. Only after about 3 min do those of the 
inner intine begin to be released, through the single pore or 
germinal aperture. While Zea and Euchlaena pollen pre- 
cipitates con A within 2 min of moistening, the considerable 
increase In precipitation by 3 h indicates the involvement of 
both wall fractions. The immunofluorescence experiment 
seems to confirm this 





Zea pollen sprinkled on 0.5 


Fig. 2 
ing 2 mg ml-! con A and 0.2 M NaCl, viewed by dark 


agarose gels contain- 


field microscopy: a, After 2 min showing precipitate around 

grain; b, after 3 h showing dense radiating precipitates: c, 

mixture of Zea and Lolium pollen after 3 h with precipita- 

tion confined to the large Zea grains and absent from Lolium 

grains (in sharp focus); d, control with Zea grains sprinkled 
on gels without con A. ( x 270), 


It is not widely known that allergic persons often show 
laxonomically-patterned responses to festucoid, chloridoid. 
panicoid and andropogonoid grasses (refs 12, 13 and un- 
published data). Methods have not yet been devised for 
distinguishing airborne grass pollens so it remains unclear 
how far this phenomenon results merely from factors affect- 
ing atmospheric availability of pollen for sensitisation. Our 
observations with con A, however, are consistent “with the 
possibility that it directly reflects taxonomically-ordered 
variation in the allergenic components of pcilen grains, as 
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Fig. 3 Immunofiuorescence localisation of i A-b 
Substances in freeze-sectioned Zea pollen HUOreEs 
image. a, Section treated with con A (40 min), saline 
(15 min), rabbit anticon A serum (40 min) salini nsi 
(15 min), FITC-labelled anti-rabbit y-globuli rut 4 
min); fluorescing precipitins present in intine (i) and si 


exine cavities (e) but absent from prot 


section treated with con A. saline rinse. normal bbit 
serum, saline rinse and FITC-labelled anti-rabbit glob 
strum, no fluorescing precipitins evident OO 


are the findings of Augustin” and Marsh 


working mostly with festucoids, have foun fe 
festucoids to be immunologically very distinct. Suci 
nomic predictability needs pursuing in detail, as it has n 


cal potential for detecting cross reactions amone allera 
pollens and for efficient selection of appropriate extracts or 
allergoids" for desensitisation therapy. It also points | 
need in atmospheric pollen counts to try and identi! 


grasses, at least to major group level, and Fig. 2c indicates 
how further work with other lectins may hel; 
Many of the materials released when pollen is moister 


including proteins, glycoproteins and carbo! 
tion in early germination 
Phalaris tuberosa, rapidly-released antigens 


processes on the igma 


stigma surface”. They seem to act in ariety of ways 
as pollen/stigma recognition substances’, being ncerned 
in regulating the breeding system. It is theref triguing 
that pollens of cultivated corn (Zea mays) and species 


directly involved in its evolution (Euchlaena, Tripsa 
produce an identical and unique reaction with 





Table 1 


List of grass pollen extracts tested with con A by do 
diffusion in agarose 





Festucoids 
Agropyron repens, Agrostis tenuis, Anthoxanthum odoratum. Avena 
barbata, Bromus carinatus, B. inermis, B. rigidus. Dactylis elomerate 
Elymus condensatus, E. triticoides, Festuca rubra, Holcus lanatu 
Hordeum vulgare, Lolium multiflorum, L. perenne, 
Phalaris arundinacea, Ph. minor, Ph. tuberosa, Poa annua. P. pratens 
P. scabrella, Secale cereale 

Chloridoids 
Bouteloua sp., Chloris truncata, Cynodom dactylon, Distichi įcata 
Sporobolus aeroides 

Arundinoid—Danthonioids 
Danthonia eriantha, Phragmites australis, Stipa falcata 

Panicoids 
Echinochloa crus-galli, Paspalum dilatatum. Pennisetui 
Setaria geniculata 

Andropogonoids 
(1) Andropogoneae: Saccharum officinarum, Sorghum halapense, 
Themeda austsalis 
(2) Maydeae: Coix /acrymajobi, Euchlaena mexicana 
floridanum Zea mays 


lripsacum 








pa . © o o p 

Those showing precipitation appear in bold face. 0.2 g m iry poles 
(obtained from Greer Laboratories, Lenoir, North Caroli 
Commonwealth Serum Laboratories, Melbourne, Australia. and 
collected by us) extracted in 0.2 M NaCl in 0.05 M tris buffer. pH 
7.5 for 20 min at room temperature. Con A (Pharmacia) used 

° 2 or 5 mg ml" in same buffered saline 
















































wall pro 
Jay. 


ene the 





rotein ove: 


lene the pollen 
face pellicle, a pr found. 
li angiosperms and which is the probable eCOR- 
nition reactions determining acceptance or rejection”. An 
interpretation of the situation in Zea and its closest rela- 

“5 open to experimental testing (comparable with mammal- 
/egg recognition”) is that the stigmatic surface 
; May possess specific determinants similar to 
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Absence of adenine nucleotide release 
from autonomic ganglion 


SYNAPTIC vesicles isolated from Torpedo electroplaques con- 
tain ATP as well as acetylcholine (ACh)'”. Silinsky and 
Hubbard? showed that ATP is released from the rat 
hemidiaphragm bathed in a hyperosmotic medium and they 
> suggested that the motor nerve terminal releases ACh and 
-> ATP simultaneously. Here we report tests for the release of 
<- ATP and ACh from the cat superior cervical ganglion; we 
demonstrated that ACh, but not ATP, is feleased during 
stimulation. . 
© The superior cervical ganglion of the cat was per- 
- fused“’ either with ‘normal’ Krebs solution (composition in 
mM: NaCl, 120; KCl, 4.6; CaCl, 2.4; NaHCO, 25; 
KH:PO,, 1.2; MgSO..7H2O, 1.2; glucose, 9.9; neostigmine , 
bromide, 0.03) or with a Krebs solution that did not con- 
tain CaCh or MgSO, but containe@ 1 mM, EDTA artd 
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i n hibi a. - ; Mg“ -dependent ATP ase activit. : a: i d ; it l con- 


ACh release’. The release of ACh was evoked either by 
stimulating the preganglionic sympathetic trunk (20 Hz, 
0.3 ms, 5.5 V) or by raising the KCI concentration in the 
perfusion medium to 50 mM (in which case the NaCl con- 
centration was reduced to 50 mM). The effluent from the 
ganglion was collected in 5 min aliquots and each sample 
was assayed for ATP and for ACh. ATP was assayed using 
a modification of the luciferase method’ that permitted the 
determination of as little as 4 pmol ATP; ACh was meas- 
ured by bioassay on the cat blood pressure”. In some experi- 
ments adenosine monophosphate (AMP) or adenosine di- 
phosphate (ADP) was measured instead of ATP; they were 
measured by the luciferase method after being converted 
to ATP enzymatically’. The conversion of AMP or ADP 
to ATP was checked by thin-layer chromatography” using 


“C labelled standards. 
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Fig. 1 A, Chart record of light emitted in the ATP assay 
of perfusate collected from the ganglion during a, rest; b, 
stimulation by high K*; c, rest; d, preganglionic nerve 
stimulation. e, Control sample of ‘modified’ Krebs solu- 
tion with no added ATP; f, 7.5 pmol ATP added to 
‘modified’ Krebs medium; g, 12.5 pmol ATP added 
to ‘modified’ Krebs medium. ATP was assayed as follows. 
A plastic vial containing 1.5 ml of the sample to be assayed 
was placed in a light-tight housing system which was con- 
nected to a photomultiplier (American Instrument Co., 
USA) and to a Texas Rectiriter pen recorder, The reaction 
was initiated by injecting 1.0 ml of firefly lantern extract 
(Sigma, 5 mg mi~? dissolved in 0.15 M NasAsO, buffer, pH 
7.5, containing 0.1 M MgSO,) into the vial through a rubber 
seal on the top of the housing system. B, The amount 
(pmol) of ACh contained in the same samples measured 
on the blood pressure of the eviscerated catë. Before 
measuring the ACh content of the perfusion medium, 
barium ions were removed by the addition of 1/10 volume 
of 0.15 M NaSO, the precipitated BaSO, was removed by 
centrifugation and the supernatant was used for bioassay. 


Figure 1 illustrates the result of a typical experiment 
which measured the release of ACh and ATP by nerve 
stimulation or by raised K* during perfusion with ‘modified’ 
Krebs solution. Although ACh was released by perfusion 
with high K* or by nerve stimulation, ATP could not be 
detected during the stimulation or rest period. Six other 
experiments confirmed this result. At the end of each 
experiment, a known concentration of ATP (60 pmol mi~ 
in ‘modified’ Krebs solution) was perfused through the 
ganglion to determine the extent of breakdown. This 
usually was 10-25%. In contrast, when normal Krebs plus 
ATP or Krebs medium containing 0.1 mM Ca™ plus ATP 
(no Mgt) was perfused through the ganglion, none of the 
ATP survived degradation. Whittaker er al.’ found that the 
mean ACh:ATP molar ratio was 11:1 in synaptic vesicles 
from Torpedo electroplaques. If this ratio were the same 






iy which 150-650 pmol of ACh was released, 






iter stores of cat ganglion, and if all of the ATP 
released during stimulation, then in our conditions, in 
14-59 pmol 
of ATP should have been released; this quantity of ATP 
would have been readily detected under the conditions of our 
experiments. It is interesting that ATP release was detected 
immediately following a change of perfusion medium from 
a normal Krebs to a ‘modified’ Krebs solution. At this time 
a transient depolarisation of the postganglionic fibres oc- 
curred, causing a contraction of the nictitating membrane 
and about 15 pmol of ATP was released; no ACh was 
released during this period. We did not determine the 
origin of this ATP. 

Other experiments were designed to test the release of 
ADP or AMP when perfusion was with normal Krebs 
medium and ACh release was evoked by nerve stimulation. 
In all experiments, ACh was released during nerve stimula- 
tion, but no ADP or AMP release could be detected. At the 
end of each experiment, ADP or AMP of known concentra- 
tion was perfused through the ganglion, collected and 
analysed to determine the extent of breakdown. The ADP 
and AMP were degraded by 25% and 10% respectively. 

In conclusion, we were unable to reproduce the results 
of Silinsky and Hubbard’ using a different mammalian 
preparation. It is possible that the ATP detected in their 
experiments originated from the muscle rather than from 
the nerve terminal, as suggested by other workers”, The 
perfusion of the superior cervical ganglion avoided any 
artefacts arising from the presence of muscle, and allowed 
the collection of more ACh than could be collected from 
the stimulated rat phrenic nerve diaphragm preparation. 
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Pattern of _ 
remyelination in the C 


Ir has been suggested that 
may be a feature of rem 
it is of peripheral nerve fib 
uring internodal length of ne 
system (CNS) is tedious and re 
and patience from the investiga 
method can be applied to routine: 
gations. Recent ultrastructural studie 
the mouse, following primary der 
feeding cuprizone (Bis - cyclohexanone = 
have shown that measurements of the re 
myelin sheath thickness and axon dian 
easier method of identifying remyelinated a 
Male weanling albino mice of the. 
on a powdered mouse diet containing. 0 
mice were killed after 6 weeks to ä 
demyelination in the superior cerebel 
(ref. 3) (Table 1). As both did not show. 
tion the remaining nine animals were le 
containing diet for a further 2 wee 
animals were killed and examined f 
Nearly all fibres in the SCP were demy 
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circumstances remyelination readily takes 
were then killed at the times indicated ir 
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Myelin sheath thickness (nm) 


7 Axon diameter (gan) 


Fig. 1 Relationship between myelin sheath i 
axon diameter in the superior cerebellar: 
mouse (x), an old mouse (@), and a mous 
this tract was demyelinated (O). Animals ma ‘hed 3 
*dagger in Table 1, 










Table I 





°/ myelinated Mean d/D 
fibres ratio 
Old normal 100 0.78 
(9 month) 100 0.76 
=. Young normal 100 0.81 
=- {2 month) 100 0.81 
6 weeks cuprizone 98 
3 
8 weeks cuprizone 15 
4 
8 weeks cuprizone 90 0.92 
6 weeks recovery 79 0.91 
8 weeks cuprizone 56 0.92 
oS $2 weeks recovery 90 0.90 
ae 88 0.90 
=: 8 weeks cuprizone 88 0.89 


24 weeks recovery 98 | 0.86 


t Indicates the three animals depicted graphically in Fig. 1. 
d == diameter of axon: D = diameter of fibre. 


which contained the SCP cut in transverse section at the 
point where it passes under the middle cerebellar peduncle”. 
Thin sections were prepared for electron microscopy and 
six electron micrographs were taken at random of the 
SCP at a magnification of 1,800. These were enlarged 
photographically a further four times and the following 
parameters measured: percentage of myelinated fibres, 
- myelin sheath thickness and axon diameter. These were 
. determined for a representative sample of fibres by methods 
= used previously*‘. Table | gives values for the percentage 
- of myelinated fibres in the SCP, the d/D ratio (diameter of 
= axon/diameter of fibre)}—an index of myelin sheath thick- 
ness--the slope of the linear regression of myelin sheath 
thickness on axon diameter, and the correlation coefficient 
of myelin sheath thickness and axon diameter. An analysis 
of the significances of differences between the regression 
lines was carried out". 7 

Nearly all axons are remyelinated during the recovery 
period and with time the myelin sheath increases in 
thickness (Table 1). But even after six months recovery, 
myelin sheath thickness has not returned to its normal 
relationship with axon diameter (Table 1, Fig. 1). There 
is a significant difference between the index of myelin 
thickness for the 6 month remyelinated animals and the 
2-month-old control animals. Taking into account that the 
6-month-recovery animals are 10 months old, it can be 
seen that the remyelinated axons have much thinner 
myelin sheaths than would be expected for animals of their 
age. In addition the slopes of the regression lines for the 
remyelinated animals are significantly different (at the 0.01 
level; sample size 32-47 observations) from either young or 
old control animals. It seems therefore that although myelin 
sheath thickness does increase with time in remyelinated 
animals, it does not return to its normal relationship with 
axon diameter for a considerable length of time. It is 
likely, therefore, that the presence of an axon within 
a myelin sheath which is thinner than would be expected 
for the diameter of the contained axon, represents a 


E remyelinated fibre. Such an observation will have little 


- significance when applied to a single fibre, but if it can 


© be shown that the axon diameter-myelin shtath thickness 


relationship for a population of fibres is abnofmal, or that 
two populations of fibres coexist in a single tract then it 


can be reasonably assumed that remyelination has taken | 


place on the axons possessing thinner than normal myelin 
sheaths. This experiment supports the many observers who 
* 
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lar peduncle 





Regression equation® Correlation 
SD Ye: y +byx (x~x) coefficient 
-+0.03 Y = 22.51 -+ 1.56 (x— 15.99) 0.74t 
-+0.03 Y = 24.47- 1.48 (x— 15.53) = 0.85 
+0.02 Y = 15.61 +0.95 (x — 14.03) 0.83 
-+0.03 Y = 16.944-0.93 (x—15.12) 0.897 
-+0.03 Y = 7.33-+0.24 (x-— 16.65) 0.50 
-+0.03 Y= 7.29+0.09 (x - 16.37) 0.19 
+ 0.03 r= 6.61 +-0.28 (x ~ 15.26) 0.46 
+ 0.02 Y= 8.74+0.55 (x — 15.39) 0.74 
-+0.02 Y = 7.2240.32 (x~- 14.42) 0.56 
-+0.03 Y == §$.874-0.34 (x~ 15.30) 0.48 
4-0.02 Y == 12.13-40.58 (x-— 14.78) 0.734 


have stated that axons within thinner than normal myelin 
sheaths represent remyelinated axons™™ and suggests a 
simple method for determining the extent of remyelination 
in man. 

This work was supported by grants from the National 
Fund for Research into Crippling Diseases, The Medical 
Research Council and the Wellcome Trust from whom 
I hold a Wellcome Research Fellowship. I thank Dr J. T. 
Abrams for advice on statistical methods. 
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Effect of intracellular 
lithium on snail neurones 


Tr is well established that lithium salts are effective in the 
treatmertt of manic depressive illness}?, but the way they act 
is little understood. Some time ago, as part of a study on the 
electrogenic sodium pump, it was noticed that high levels 


—_ + > g ~ 
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of intracellular Lit or Na* seemed to increase the potassium 
conductance of the snail nerve cell membrane**. Because of 
the greatly increased interest in Li+ itself, we have now con- 
firmed the original observations, and have shown that detect- 
able effects occur at quite low levels of intracellular Li+. Such 
an increased membrane conductance to potassium would tend 
to decrease the membrane excitability and hence stabilise the 
cell. If a similar response to intracellular Li* occurs in man, it 
could be the basis for its therapeutic effects. 

We performed our experiments on the largest nerve cell at 
the rear of the right pallial ganglion of the common snail 
Helix aspersa. The brain was dissected from dormant specimens 
and pinned in a chamber where it was bathed in continuously 
flowing snail Ringer (KCI, 4 mM; NaCl, 80 mM; CaCl, 7 mM; 
MgCl,, 5 mM; Tris-maleate (pH 7.5), 20 mM) at room tem- 
perature (14-21° C). The bathing solution could be quickly 
changed to Ringer containing various concentrations of 
potassium or to normal Ringer with 10“ M ouabain by means 
of a multiposition tap. The cell was impaled with one double 
and two single-barrelled microelectrodes. This allowed for 
the recording of membrane potential, the determination of 
input resistance by injected current pulses, and the interbarrel 
injection of LiCl, NaCl or KCI into the cell. In this last tech- 
nique, current is passed between two intracellular electrodes, 
ejecting cations from one electrode and anions from the other. 

Cell diameter was measured and cell volume calculated 
assuming a spherical cell. The amplitude and length of the 
interbarrel injection current was recorded and thus the amount 
of salt injected could be estimated. (For a more detailed 
description of these methods, see Thomas*.) 

The effect of a relatively large injection of LiCl is shown in 
Fig. 1. With the intracellular Li* concentration raised to a 
calculated level of 29 mM, the membrane potential was in- 
creased by about 3 mV, and the cell's spontaneous action 
potentials ceased. (Larger effects were seen with larger injec- 
tions of LiCl, but in this experiment injection was stopped 
when the cell ceased firing to ensure reasonably rapid recovery.) 
There was a simultaneous one-third reduction in input resist- 
ance, as is shown by the decrease in the size of the hyper- 
polarisations resulting from the current pulses. Following the 
injection, both input resistance and membrane potential 
gradually returned to their resting values and spontaneous 
action potentials returned. The lowered resistance after LiCl 
injection recovered approximately exponentially. The time 
constant for the recovery shown in Fig. | was 40 min. Similar 
effects were seen in 29 cells, although in several cases the cell 
did not recover after the injection. 





inject 
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Fig. 1 Pen recording from an experiment to show the effects 


of injected LiCl on the input resistance of a spontaneously 
active snail neurone. The slow time response of the recorder 
has reduced the apparent size of the action potentials to only 
a few millivolts. Every minute a 5 nA hyperpolarising current 
was passed across the cell membrane for 10 s to measure the 
input resistance. The solid bar indicates the 8 min period during 
which an interbarrel injection current of 25nA wag passed. 
The cell diameter was 0.2 mm, so that this injection would be 
expected to raise the ake err] Li concentration by about 
m 


579 
We also tested the effects of large injections of KCI and 
NaCl. An injection of KCI which would be expected to raise 
the internal K+ concentration by about 45 mM caused only a 
slow depolarisation of a few millivolts with no change in input 
resistance. The injection of NaCl produced a more complex — 
and variable result. Small injections of NaC! consistently 
caused an immediate ouabain-sensitive hyperpolarisation (as — 
expected from the consequent stimulation of the electrogenic — 3 
Na pump‘) with no appreciable change in input resistance. — 
Large injections of NaC! (giving a CONCH reate than 
20 mM), however, often produced both a considerably greater 
hyperpolarisation, which was little affected by pt ne 
a noticeable decrease in input resistance. 
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Fig. 2. The effect of injected LiCl on the sensitivity of a snail 
neurone to changes in external potassium. Two segments from 
a continuous record showing the effects on the membrane — 
potential of brief exposures to 1, 2 and 8 mM external potassium. i 
The normal external potassium concentration ({K],) was 4 mM. 
LiCl was iontophoretically injected where indicated the 
solid bars, giving estimated pile concentrations of 2 and 
10m f 


Another way of describing the experiment shown in Fig. | _ 
is to say that the cell was being held, alternately, at two 

brane potentials; one, the resting level at the top of the current 
pulses (—45 mV) and the other a more hyperpolarised level — 
at the bottom of the pulses (—90 mV). Following a Licl 
injection, then, the resting cell is seen to hyperpolarise while a — 
cell held at a hyperpolarised potential depolarises, thus indicat- 
ing the existence of an equilibrium potential for the process. 
The large injections of Cl- which accompany these Li* injec- 
tions would cause the chloride equilibrium potential to be 
less negative than the resting potential. Potassium is the only 
ion whose equilibrium potential would be in the range to i 
produce these effects, although some involvement of other ions 
cannot be ruled out. 

Figure 2 shows an experiment where the external K* con- 
centration ({K],) was changed before and after two injections 
of LiCl. Although quite large injections are necessary to 
produce the marked changes in input resistance a ' 
measurable changes in the relative potassium 
(Px) can be produced by much smaller injections. Following — 
both LiCl injections in Fig. 2 the membrane potential becomes — 
more responsive to a change in external K*. As the injected — 
Li+ leaves the cell, this increased sensitivity declines gradually — 
to the resting level. 

Estimates in the change in P, before and after LiCl injec- 
tions, assuming no change in other ion permeabilities, were 
Obtained from linear regression fits to [K], against exp FV/RT) 

e 
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Estimated intracellular Hihium concentration (mM) 


- Fig. 3 Graph of the changes in the relative potassium per- 
~ meabilities (Px) of snail neurones as a function of estimated 
- intracellular Li concentration. Relative Pys are calculated 
from plots of [K] against exp(FV/RT). Results from 
20 injections in seven cells; ©, points calculated from the data 

shown in Fig. 2. 










plots (ref. 6) of 20 LiCl! injections in seven cells. Figure 3 
shows these changes in P, as a function of the estimated 


~~ intracellular Li+ concentration. Although there is considerable 


< scatter, the trend of a rising P, following successively larger 
LiCl injections can be clearly seen. Thus intracellular Lit 
<> injections giving concentrations of a few mM cause measurable 
increases in P, and injections of greater than about 8 mM 
= more than double the resting Pp- 

~The extracellular concentration of Li* that is effective in 
» the treatment of manic depressive illness is around | mM 
<= {refs 1 and 2). It seems possible that at least some neurones 











-zin the human brain will tend to concentrate Lit intracellularly, 


as passive distribution alone would give an internal level of about 
0 mM in a cell whose resting potential was 60 mV, and the 
Na-K pump does not extrude Lit. Thus, if intracellular Li* 
-has the same effect on some human neurones as on snail 
“neurones, its therapeutic effects could arise from the membrane 
stabilising effects of the increased potassium permeability. 

~~ How does Li* cause this rise in potassium permeability? 
_. Perhaps the most likely mechanism is by an increase in the 
-> intracellular ionised Ca**. Meech’ has shown that the injection 
œ of CaCl, into mollusc neurones causes a rise in their potassium 
permeability, and similar responses have been seen with 


=- mammalian motoneurones*®. There is also evidence that Ca?+ 


os normally extruded from nerve cells by a Na-Ca exchange 


system’, so that a rise in intracellular Na* will tend to cause a 
--oyise in intracellular Ca?+. If Lit can substitute for Nat in 





<< this system then intracellular Lit would tend to cause an in- 
=; crease in intracellular Ca?+. We have some preliminary evidence 
that intracellular calcium is involved, as we have found that 
the injection of EGTA partially reverses the change in P, 
following a large lithium injection. 

We thank the Wellcome Trust for financial support and 
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Periodicity in high sulphur proteins from wool 


IN a recent publication’, Elleman, Lindley and Rowlands 
claimed that there is no evidence to support the view that 
high-sulphur proteins from wool have a common ancestral 
protein partly composed of a repeating unit of five amino 
acids?*, Their evidence for a repeating decapeptide unit is 
restricted almost entirely to the region between residues 22 
and 64 of protein SCMKB2B. Although the C terminal 
region of this sequence shows some correlation to the 
repeating decapeptide unit, it correlates better with a penta- 
peptide repeating unit as shown previously (ref. 3). 

It is informative to compare the ‘decapeptide rich’ regions 
of the sequences of the three homologous SCMKB2 proteins‘ 
as shown in Fig. 1. Protein B2C contains two decapeptide 
repeating units while B2B and B2A contain three and four 
units, respectively. These differences probably resulted from 
gene elongation due to unequal crossing over of DNA 
during meiosis. The original decapeptide unit would then 
have been two adjacent pentapeptide units differing as a 
result of mutations. This would explain the ‘partial 
symmetry’ referred to by Elleman er al.’. 


Protein BZB Protein B2C 


Protein B2A 


as C RST 








Fig. 1 The partial amino acid sequences‘ of protein SCMK- 

B2A (residues 23-75), protein SCMK-B2B (residues 23-65) 

and protein SCMK-B2C (residues 23-55) from the high- 

sulphur fraction of Lincoln wool, arranged to show maxi- 

mum homology based on a pentapeptide repeat. The single 
letter notation for amino acids? has been used. 


Lindley and Elleman® showed homology between 14 
residues at the C terminal regions of the HIB and B2 pro- 
teins. This homology was further extended by aligning a 
part of the sequence of protein HIA3 with these regions’, 
which eproves a common origin for all these high-sulphur 
proteins. Yet Elleman er al.’ derived different homologous 
decapeptide units for proteins HTA3 and B2B, and none for 
the IIIB proteins, which they claimed to be random. We 
found’ a single primordial pentapeptide unit, Cys-Cys-Gin- 
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Platelet-activating factor, a new mediator 
of anaphylaxis and immune complex 
deposition from rabbit and human basophils 


AN increase in vascular permeability as a result of the 
release of vasoactive amines has been implicated as a 
‘trigger mechanism’ of immune complex deposition’, Several 
immunological mechanisms of vasoactive amine release from 
rabbit platelets have been described’. Experiments have 
correlated the presence of one of these mechanisms, a 
complement-independent, leukocyte-dependent reaction, with 
the vascular deposition of complexes in acute’ and chronic? 
serum sickness of rabbits. We have obtained direct evidence 
that this mechanism is due to basophils sensitised with IgE 
(ref. 6). Antigen-induced in vitro degranulation of basophils 
from rabbits immunised with peroxidase yielded a soluble 
factor (platelet-activating factor (PAF)) which aggregated 
rabbit platelets in Jeukocyte-free solutions®, Here we describe 
several characteristics of rabbit PAF and a PAF-like factor 
obtained from human leukocytes. 

Procedures used to obtain PAF from rabbit leukocytes 
have already been described in detail. Briefly, buffy coat 
from rabbits immunised with peroxidase was cleared of 
erythrocytes by sedimentation in phosphate buffered saline 
(PBS) with 2.5% gelatin followed by osmotic shock, and 
cleared of platelets by repeated low speed centrifugation. 
Leukocytes were incubated in Tris-buffered Tyrode's solution 
(pH 7.4), with 0.25% bovine serum albumin (TTBSA), in 
the presence of antigen for 15 min at 37° C. Absence of 
platelets in buffy coat and addition of BSA to the medium 
as a PAF carrier are prerequisites for recovery of PAF. Cell- 
_ free supernatant was obtained by centrifugation, dialysed 
‘with 0.01 M phosphate buffer (pH 8.0), chromatographed 
on a DEAE-Sephadex A 50 anion exchange column, with a 
gradient of NaCl PAF activity, measured in an aggrega- 
meter by aggregation of rabbit platelets in Tyrode's added 
with 0.25% gelatin (TG), was eluted with BSA. After dialysis 
with 0.01 M Tris 0.15 NaC! buffer (pH 7.4), PAF was 
separated from BSA by precipitation in 80% ethanol. After 
centrifugation at 60,000g, the supernatant was evaporated 
to dryness and PAF was resuspended in 80% ethanol. 
Throughout purification and characterisation of PAF, 
controls were TTBSA with leukocytes and peroxitlase but 
maintained at 4° C for 15 min, instead of 37° C, or TTBSA 
without Ca™ and Mg“ used instead of TTBCA in the usual 


PAF (arbitrary units) 







degranulation method. In a second step, lev kocytes y 
preparation of control buffers were. w 
at 37° C to release PAF in the pre 
PAF in 80% ethanol was filter 
20 column equilibrated with 80% 4 
were’ 'I-labelled glucagon, 
‘H-angiotensin and PSP. PAI 
(R-PAF) was eluted between vil 
exhibiting an apparent molecular ' 
PAF filtered through LH20 in 
porated to dryness and resuspended i 
ethanol. PAF activity disappeared fro 
taining tubes in about 24h, whereas PA 
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the pH of distilled water between 5 and 10 < 
the decrease of PAF activity. To explore t 
further, the same experiment was carried oui- 
water, using tubes used for platelet aggregation, 
which PAF activity had disappeared were 
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Fig. 1 Adsorption of PAF on charged particles. in 

ethanol. PAF activity was measured by ager 

3 x 10’ rabbit platelets in 0.3 mi Tyrode's m an ag 

(Icare, Marseille, France), a, Supernatants before 

at pH 6.50; b, Supernatants after adsorption a pi 

elution from washed particles at pH 7.00: d, at 
e, at pH 9.50, 


We attempted to determine the electrostati 
by adsorption and elution experiments 
charged particles, such as diatomace 
carboxymethylcellulose (CMC) (Fig. 1). PA 
at pH 6.5 was incubated with DE or CMC. I 
disappeared Tom the solutions. DE and CMC w 
once with 80% ethanol at pH 6.5, then the pH wa 
raised to pH 11. Elution of PAF was obtain 
between 9.2 and 9.7 with a maximum mest. 
obtained at pH 9.5. The same experiment was i 
distilled water at pH 6.5 with similar resul 
yield of eluted PAF. These results are cor 
PAF isoelectric point between pH 9 and 10. ¢ 
eap rien were: first, binding of arginine | 
in 80% ethanol, showing that the particles we 
this medium; second, a lack of binding of PAF . 
at neutral pH by DEAE-cellulose, a positively 
ticle; and third, binding of aspartic acid in 80 
DEAE-cellulose but not by DE or CMC. E 
undertaken to,obtain release of PAF from ra 
without antigen-IgE interaction. Overnight - i 
of leukocyte Breparation from immunised arr 
in TEBSA (pH 7.4) at 22° C released s 
PAF-like material (spontaneous release 
with the basic nature of the molecule, it. 
a better release would be obtained at ap 
cile has a neutral electrostatic charge. 
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btaincd readily at a starting pH of 10.5 (final pH 9.5) within: 
-90 min at 22° C. Through the whole procedure of purifica- 
` tion, the molecule obtained by spontaneous release at pH 9.5 
© showed exactly the same characteristics as PAF actively 
released at pH 7.4. At pH 9.5, no metabolic activity of the 
cells was necessary for PAF release—in contrast with the 
metabolic activity required for release at pH 7.4 (J. Ben- 
veniste, unpublished). Human leukocytes were prepared by 
sedimentation of blood in 2.5% gelatin in PBS, followed by 
osmotic shock and several washings with TTBSA. Final 
leukocyte preparations contained 0.2-1% basophils with 
other leukocytes in normal proportion. Incubation of leuko- 
cytes in TTBSA at 22° C gave exactly the same results as in 
rabbits, that is, small amounts of a PAF-like factor at pH 7.4 
and much higher amounts, comparable to those obtained 
from rabbit leukocytes, at pH 10.6. This human factor bound 
- to BSA, was soluble in 80% ethanol, showed neutral electro- 
static charge at pH 9.5 and an apparent molecular weight of 
© 1,100. Further purification and identification of the molecule 
< #8 under way in our laboratory. 

These results indicate that PAF is a basic molecule with a 
molecular weight of 1,100. Its highly positive charge at 
= physiological pH could explain its tendency to bind to 
= negatively charged surfaces. It is likely that the molecule 
= also possesses hydrophobic sites responsible for its binding 
= to BSA and plastic walls in aqueous but not in 80% ethanol 
< solution, PAF represents a new mediator of anaphylaxis, 
different from those already described: histamine, SRS-A 
(ref. 7) and ECF-A (refs 8 and 9). In rabbits, PAF has been 
clearly identified as of basophil origin: we have obtained 
the release of PAF by anti-IgE antiserum but not anti-IgG 







= (ref. 6). It has been implicated in immune complex deposition 
through its aggregating and releasing action on platelets. 


<. The identity of the factors obtained from human leukocytes 
<= and from rabbit basophils makes the basophil a likely source 
-in the human. Preliminary results in our laboratory show 
< that leukocytes from patients having undergone basophil 
> degranulation during anaphylactic shock do not release PAF, 
a situation very close to immunised rabbits injected daily 






= with small doses of antigen. The direct evidence of the baso- 


> phil origin of human PAF remains to be demonstrated, 
~ however. If the existence of PAF is firmly established in 


< the human, it could represent, according to the experimental 


© model, the mediator of a mechanism involving IgE-sensitised 
< basophils in the pathogenesis of immune complex deposition. 

© This mechanism would be a link between immediate hyper- 
sensitivity and immunological diseases associated with severe 
structural injury. 
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Organochlorine residues, eggshell t 






and hatching success in British sparrowhawks 


SPARROWHAWKS {Accipiter nisus) in Britain have laid thin- 
shelled eggs throughout the period of DDT usage’, and in 
several predatory species in North America an inverse correla- 
tion has been shown between shell thickness and DDE levels 
in eggs, both in natural and in experimental situations?™. It 
has been claimed that eggshell thinning is associated with 
reduced hatching success, and that both effects could be 
implicated in a sequence leading to population decline. We 
have examined these relationships up to hatching stage in 
the sparrowhawk in Dumfriesshire, southern Scotland, where 
it still breeds in good numbers. During 1971-73 full details were 
obtained from 325 nests, and eggs from 130 clutches were 
collected for analysis. 

Egg contents were homogenised; a 5 g aliquot was mixed 


with anhydrous sodium sulphate and sand, and extracted 


overnight in a soxhlet with hexane:acetone 2:1. The extract 
was evaporated to dryness in a tared beaker and total lipid 
estimated. The extract was then reconstituted in 25 mi hexane, 
and 5 mi was cleaned up by florisil column chromatography. 
(Liquid-liquid partitioning of the extract to remove fat was 
found to be unnecessary.) A further 5 ml aliquot was used 
for a duplicate estimate of lipid content. Hexane and hexane/ 
ether chromatography fractions were used directly for analysis, 
using standard gas chromatography methods on columns 
packed with SE 30, SE 30-OV 210, and GE-XE 60 (after 
Richardson‘). Results are given as parts per million (p.p.m.) 
in lipid, as the most valid basis for expressing organochlorine 
residues in eggs. On average, fresh sparrowhawk eggs contain 
approximately 6°% by weight of lipid, so results can be con- 
verted to a wet weight basis by dividing them by 17. 

The main residues found were DDE (the principal meta- 
bolite of DDT), polychlorinated biphenyls (PCB) and dieldrin 
(Table 1). Only results from eggs with embryos less than half 
grown were included. By this stage only a small reduction in 
lipid content (< 10°) and negligible removal of calcium from 
the shell has occurred*. When eggs from the same clutch, but 
at different stages of development, were analysed, no evidence 
was found that residues were metabolised, as proposed by 
Hazeltine’. Residues remained in the same relative propor- 
tions, and the increase in concentration in lipid during 


‘development was of the extent predicted from the amount of 


lipid metabolised. 


SOOO 
Table 1 Organochlorine content and shell indices of sparrowhawk 
eggs from southern Scotland 1971-73 l 





Mean + s.e. (p.p.m. in lipid) 


DDE 148 + 8 {n = 131) 
PCB 66 + 4 (n == 131) 
Dieldrin 26 + 1 (n = 131) 
Total organochlorine 240 + 11 (n= 131 
Shell index 1.17 + 0.01 (n = 122) 


enon eunauscnnranuemtitstnamnennsnaumemeneuaniititatmmennesnementnvanenemeanitiinsenaatnnentattit 
Numbers refer to clutches. Each clutch represented once only by 
mean values and shell indices calculated by Ratcliffe’s method’. 


only poorly correlated with dieldrin concentration (r= 0.101, 
not significant). The correlation of PCB with shell thinning 









= _was probably bese PCB was itself correlated 

IDE (r=-0.480, P< 0.001). Lincer*, however, has shown 

that, while PCB had no direct effect on shell thinning in captive 
American kestrels, it potentiated the effect of DDE. 

nn 325 ine nests, 110 G3 7a) showed ‘normal’ ae 





completely. “Since was classed as ‘normal’ if all aa 
or if no more than one egg was addled (watery), and 
no egg breakages and no ‘dead-in-shell’ embryos. 
ion was established from extensive hatching data 
n Britain before 1946 (ref. 9). The hatching success 
of these various recent clutches was inversely related to their 
= organochlorine content (Table 2). 














Table 3 ra “Hatching success and shell indices in relation to organo- 
on chlorine content 


Gace. n Total organochlorine content n Shell index 
oar a (mean 3 + se.) 
1. Normal* 17 157 + 13 iS 1.27 + 0.03 
2. Partialt 74 226 | a Vi 70 1.20 + 0.01 
3. Nil 40 293 + 25 37 1.11 + 0.02 


Each clutch represented once only by mean values; shell indices 
calculated by Ratcliffe’s method’. . 

* No more than one egg addled, no breakage and no ‘dead-in- 
shell embryos. 

+ One or more eggs broken or ‘dead- in-shell’ embryos but at least 
one young hatched. 


The main cause of unsuccessful breeding was failure to lay 
(having built a nest). This occurred at 49 (15°) of 325 nests, 
and accounted for 43°, of all complete failures. It was 
apparently not recorded in British sparrowhawks before 1946 

9). Egg breakage was the second commonest cause of 
he 35 instances accounting for 11°% of all clutches and 
3 of all failures. Breakage was in ERS related to the 
de ree of shell thinning (Table 3), but the facts that eggs in 
22% of clutches with normal shell indices were broken, whereas 
eggs in 66% of those with low indices survived, imply that some 
-other oe such as parental care, was also involved. Usually 
: the eggs in a clutch were broken individually over several days, 
until only one remained, which was then deserted. Analyses 







Table 3 Incidence of egg breakage” in clutches with different shell 


indices 
Shell index 0.80-1.00 1.01-1.20 1.21-1.40 1.41-1.60 
No. of clutches 9o a SA 57 3 
No. with breakage f © 20 12 1 


* One or more eggs broken: elatehes deserted fresh excluded. 


of those remaining. eggs from clutches gave organochlorine 
levels of 350 + 47 p.p.m. The third commonest cause of 
failure was desertion, which occurred at 5% of all nests and 
accounted for 15°% of. 3 es. The 16 ‘clutches involved 
showed a wide range. of organochlorine contents, with a mean 
of 200 + 23 p.p.m., lower than that in other types of complete 
failure. The remaining 13 clutches were unproductive because 
the eggs, though incubated and PET failed to hatch. 
This involved 4° of all nests, and 11% of all failures. Such 
failures might have been due to poor parental care, impaired 
gas and water exchange through a thin shell or a direct toxic 
effect of high residue levels. Embryo deaths from thin shells 
atone seems unlikely: as the = clutches involved had by no 





highest OLan LON levels ( mean 363 4 19 p. p.m.). Among 
nests which produced at least one young, “unhatched eggs were 
found in 51 (19% of all nests), broken eggs in 27 (8% of all 
nests), and both unhatched and broken eggs in another 23 
(7% or all nests). Once the eggs hatched, survival af young 
in all groups of nests was greater than 902%, 


In conclusion, in spite of widespread shell thinning, egg 





breakage was a less important cause of unsuccessig ee ae 
than failure to lay having built a ee) whil e des 








































in clutches. Clutches atng. in allt | 
showed organochlorine levels si 
showing normal success. 
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Species diversity in temperate and 
tropical Ichneumonidae 


One of the axioms of ecology is that the diversity of 
is greater at low than at high latitudes. This was appr 
by Alfred Russell Wallace more than a century agog 
been repeatedly demonstrated in the more cons 
groups of organisms such as trees, birds, and | 
Ecologists have produced a variety of theorie 
entirely satisfactory, to explain latitudinal grad 
diversity, but an understanding of the phenomenon r 
as elusive today as in Wallace's time. 

Here we report an apparent exception to the ru 
family of parasitic Hymenoptera, the ichnew 
which are mostly small, wasp-like insects. There a 
ever, more species of Ichneumonidae than of vert 
and in few groups of animals can there remain - 
undescribed species. Virtually all ichneumonids are 
sitic on the larvae and pupae of insects with a g 
metamorphosis, especially Lepidoptera, Diptera, Ne 
Coleoptera, and Symphyta. The dependence of ichne 
on herbivorous insects indicates that they have i 
potential, as yet hardly explored, for programmes of | 
logical control of pests. | 

Ichneumonids are abundant wherever there is ves 
and where it is not too dry, but few species are < 
We have obtained large samples of them fr 
gardens: at Kampala in Uganda, Freetown in Sierra 
and Leicester in England. We have available a4 
sample collected in Skane, southern Sweden, not T 
garden, but from disturbed land along a small strea 
four samples were collected in Malaise traps’, te 
constructions ipto which flying insects wander to fall : 
tually into a bottle of alcohol attached to the top of the 
Malaise traps* employ neither bait nor light i Ge 
therefore attfact insects, although undoubtedly some in 
are more likely to be caught than others because < 
their behaviour. The only assumption we have made in our 
°” calculations of species diversity is that the trans do not 
sqject for either common or rare species, 

® 
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npala and Freetown are on opposite sides of tropical 
frica; the garden at Leicester is in the suburbs of a large 
ity--nevertheless they share features common to all gar- 
dens: an abundance of flowers, and a wide variety of plants 
and trees introduced from other parts of the world. The 
-Skåne sample should perhaps be considered separately and is 
added only to provide further evidence of the pattern of 
species diversity discovered. 
_ Results of an analysis of the four samples are given in 
= Table 1. The traps were operated day and night in all 
weather, and the sampling period in each locality included 
~~ all months in which insects are flying. The differences in 
-= sample size shown in Table 1 do not necessarily reflect 
-differences in abundance; much depends on the habitat and 
the efficacy of the traps in different situations, but we have 
the impression that, as a group, ichneumonids are rather 
more abundant in the temperate than in the tropical local- 
es. The number of species recorded in each of the four 
mples is astonishing; the figure of 326 species in the 
eicester garden represents about 16% of the species on the 
British list’. 
The information theory index of diversity®, H, enables an 
overall comparison of the four samples. The values of H 
‘or Freetown and Leicester are not significantly different 
but all other paired samples are different from each other at 
1% level. The value of H is significantly smaller for the 
ampala than for the Leicester and Skane samples and is 
smaller for the Freetown than for the Skane sample. 
= The massive species diversity in the Ichneumonidae is 
further reflected in Table 1 by the calculation of the num- 
ber of species taken once only and the percentage of the 
commonest species in each of the four samples. A quite 
extraordinary number of species was found once only and 
no species is really common. 





























Table 1 Two tropical and two temperate samples of Ichneu- 
: monidae compared 





Sample Species Diversity Species % commonest 


size index, H, taken species 
and se. once 
2,268 293 4.524+0.032 116 10.1 


1,979 
2,495 
10,994 


319 4.934+0.029 117 4, 
326 4.937£0.024 122 3. 
758 5.481+0.014 203 5.5 


woo 


= There is no evidence of the expected greater diversity in 
the two tropical localities. A large (but for the tropical 
species, unknown) proportion of the species of ichneumonid 
parasitise. Lepidoptera caterpillars. There is no doubt about 
ye greater diversity of Lepidoptera in the tropics. We esti- 
m hat there are 300 species of butterflies in the Freetown 
garden‘ but have found only 15 species in the Leicester 
garden. Butterflies comprise only a small fraction of the 
total species of Lepidoptera but probably reflect the sit- 
< uation in the remainder. The explanation of the high 
diversities in both the tropical and the temperate samples is 
probably associated with the fact that each species of 
ichneumonid tends to be niche specific rather than host 
_. specific’. In the parasite-host relationships considered here 
_. there may be no more niches in the tropics than in the 
_- temperate region, in contrast to the situation that probably 
prevails for most other feeding relationships. 
We suggest on the basis of these samples that the 
Ichneumonidae are an exception to the rele that species 
diversity decreases from the equator to the poles, and that 
‘this single, little known family of insects can produce, even 
within a small area, a variety of species unparalleled in any 
other family of organisms. The Leicester sample is from 

















ng below 1.1 m over an area of only 2.6 m° and yet in one 
“season. produced 326 species, seven times as many as hawe 
a + 





-an ordinary suburban garden. The trap sampled insects fly-, 











Both tropical samples contain many species and some 
genera new to science’ and the entire collection has been 
given to the American Entomological Institute. 

We thank Drs Henry and Marjorie Townes of the 
American Entomological Institute for tabulating the 
species. We also thank D. O. Chanter for computing the 
diversity values and Bo Svensson for operating the Malaise 
traps in Sweden. 
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Role of antennae of the dragonfly 
Orthetrum cancellatum in flight control 


Tue function of the antennae of insects as air current 
sense organs and their relationship to flight control has 
already been investigated by behavioural studies in flies, 
bees and locusts? ®, all of which are excellent fliers. The 
dragonfly is also an excellent flier although it possesses a 
very different flight apparatus’"*. Even though flight is 
apparently influenced by the eyes and the neck sense organs 
of the dragonfly", it seems unlikely that these organs 
have anything to do with the control of movements which 
are dependent on the surrounding air for their stimulation. 
For the measurement of flying speed relative to the 
surrounding air, for example, one might expect that, just 
as in the other insects, the antennae play an important and 
specific role. It is this hypothesis which has been tested 
in the present work, the results of which are reported 
below. 

Experiments were carried out on thé dragonfly Orthetrum 
cancellatum L. (Anisoptera, Odonata) 2-6 d after the 
imaginal moulting of larvae, which had been collected from 
various ponds in the area. For the flight experiments the 
foremost dorsal part of the mesepisterna of the animal 
was firmly fixed to a rod by the application of rosin wax. 
The wing-stroke angles, » (Fig. 2a) of the fore and hind- 
wings of the animal flying tethered in front of a wind 
tunnel were measured from photos (red light; exposure 
time, 1 s) which were taken just after the start of flight. 
The optical axis of the camera was perpendicular to the 
wing-stroke plane which formed an angle of about 45° 
with the vertical. The room temperature was 29° C. Control 
measurements at the end of each experiment showed that 
the animals were not noticeably exhausted. 

The two antennae of the dragonfly are relatively small 
and are located in the antennal sockets between the frons, 
the vertex and the compound eyes (Fig. 1). Each antenna 
is composed of the basal small conical scapus, the somewhat 
elongated cylindrical pedicellus and the distal bristle-like 
flagellum pointing frontally, upwards and laterally. It is 
the scapus-pedicellus joint which is primarily responsible 
for active movements of the antenna even though passive _ 








Fig. $ Lateral view of the head of Orthetrum cancellatum 
(¥) The antenna consists of the scapus (sc), pedicellus (pe) 


and flagellum (fl). e, Eye; fr, frons; oc, ocellus; vx, vertex. 


movements can be effected by external forces in the joints 
between the four flagellar segments as well as in the 
pedicellus~flagellum joint. For example, during flight, the 
flagellum is bent backwards at these joints by the impact 
pressure from the frontal air current. It is possible that 
it is this movement which stimulates mechanoreceptors 


situated at these joints (for example, Johnston’s organ 


Wing—stroke angle (°) 


located in the pedicellus) and which consequently may 
allow the dragonfly to register its flight speed relative to the 
surrounding air, as already shown in other insects €. To 
test this hypothesis, the flight behaviour of normal insects 
and insects without flagellae was compared, using the total 
wing-stroke angles (p9 of the fore and hindwings as 
behavioural flight. parameters. The dorsal {p4} and ventral 
components (¢.) of the wing-stroke angles were also evalu- 
ated as shown in the insert of Fig. 2a g.=pa+9,). 

In normal animals, the total wing-stroke angles (¢.) of 
the fore and hindwings in the absence of air currents are 
approximately of the same value (Fig. 2a and d). These 
wing-stroke angles (¢:) are reduced equally in both pairs of 
wings as air speed increases (Fig. 2a: a: Age. 48°. 
Fig. 2d: a; Syw.=40°. P=0,18). This decrease depends 
only on the reduction of the dorsal component (p4; Fig. 2b, 
e: n) since the ventral component (p~) is nearly independent 
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Fig. 2 a-f, Dependence of the wing-stroke angle (gp) on 
the air speed of a wind tunnel. Each point represents the 
mean of 70-110 measurements from 11 females and 8 
males. Vertical bars indicate the standard error (+ s.e.) A, 
antenna; F, forewing; H, Hindwing; n, normal animals: wf, 
animals without flagellae: gx, total wing-stroke angle: ga 
(v), dorsal (ventral) component: of the wing-stroke angle; 
APs, difference between the wing: ‘Stroke angle without 
air current (0) and with frontal air stent with a speed of 

4 m s~ (ref. 4 





of the air speed (forewing: Fig. 2c: n, Soin 8°. Pea, 
Hindwing: Fig. 2f: nan; Agwo=7°; P=0,045). 
On the contrary, in insects whose flagellae he 
off at their base 30 min or mor 
the decrease of the wing-stroke 
with increasing air speed (Agues: 
smaller than in normal insects 4 
P<0.0002). This is also true for t 
the hindwings (Fig. 2d: wf, aie 
P<0.0002). | 
It seems, then, that the differe: | 
normal insects and those without flag 
the distinct change in the dorsal comp 
stroke angle (gu). More specifically, the deere 
component (pa) as a function of increasing 
much reduced in both the forewing (Fig. 24, P€ 
the hindwing (Fig. 2e; P<0.0002). of dragonflies w 
flagellae. The ventral component (p of both win 
however, is independent of the air speed both ia 
without flagellae and normal animals (Fig. 2c, /). 
The results indicate that some mechanoreces 
antennae, stimulated during flight by the actic 
currents on the flagellac, are responsible for 
information about the air speed necessary for- 
of wing movements. These receptors, however, a 
the dorsal wing-stroke angle, the ventral corn 
both wings functioning independently of the Sur 
air. That means that the antennae of dragonflies 
air-current sense organs which control flight per 
probably the flying speed, a finding which is consi 
those previously reported for other. inses 
We thank Drs P. T. Haskell and G. 
the manuscript. 
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Evidence for a gene-specific RNA | 
determining resistance in wheat to stem 


ALTHOUGH the inheritance of resistance! in wheat (TFI 
aestivum L.) to stem rust (Puccinia graminis Pers 
tritici Eriks. & E. Henn.) is fairly well understood, 
efforts to elucidate the biochemical mechanism ipy 
have been unsuccessful. Biochemical studies of coat 
eases involving rusts and other obligate parasites’ have 

, tributed to knowledge of biochemical S ata. sat 
* no chemical changes have been correlated with the action “of 
Specific genes for registance. Future advances it seemed 











peciticity, whick detects the presence of metabolites 
involved in the expression of the resistance. We have thus 
been able to demonstrate a gene-specific RNA that seems 
to be directly responsible for initiating the resistant reaction 
in wheat against stem rust. A preliminary report of some 
of these findings has been presented’. 
ee In our work with the wheat/rust system we were 
-dmterested in the highly specific interactions that are con- 
“sistent with the gene-for-gene hypothesis’. Briefly, this 
hypothesis states that for every gene for resistance in the 
host there is a specific and related gene for virulence in the 

“parasite. Interaction between these genes may involve 

transfer of information across the host/ parasite interface. 
The substances involved in this transfer must be able to 
carry a high informational content because many genes for 
Tesistance have already been identified. Nucleic acids, 
proteins and complex carbohydrates fulfil this requirement. 
We believed that compounds involved in the expression of 
esistance could best be obtained from resistant reacting 
‘tissues containing a large number of haustoria, for histo- 
logical observations’ of the resistant interaction have shown 
that cell necrosis, which is characteristic of resistance, is 
always associated with the establishment of haustoria. To 
btain such tissue we exploited the temperature lability" of 
he Sr6é gene at temperatures above 25° C. Wheat leaves 
‘containiag this gene were inoculated with spores of the 
avirulent race C17 (56), and maintained at 26° C to sup- 
‘press host cell necrosis that would normally occur in this 
‘interaction at lower temperatures. Seventy-two hours after 
inoculation, when the leaves were extensively colonised, 
plants were transferred to 20° C for a further 30 h to 
initiate the necrotic reaction, then collected for the 
preparation of extracts. 
In developing a useful bioassay it was desirable to 
simulate natural conditions as closely as possible. Nor- 
‘mally, in interactions involving the Sr6é gene for resistance 
and the P6 gene for avirulence, necrotic cells develop at 
most infection sites shortly after haustorial formation, 
whereas few necrotic cells are produced in susceptible inter- 
actions’. Our objective was to test extracts for their 
‘ability to induce the formation of similar necrotic cells in 
wheat leaves inoculated with a virulent race of stem rust. 
We defined an active extract as one that induces sig- 
nificantly more necrotic cells in the genotypically resistant 
leaves (R line) than in the genotypically susceptible leaves 
{S line) of wheat. 
For statistical purposes, necrotic sites consisting of one 
or several contiguous necrotic cells were counted. If the 
„average incidence of necrotic sites is the same in leaves of 
~both lines, then we would expect, if we had equal numbers 
of observations in both cases, that half the necrotic sites 
would appear in the sample of the R line. This property 
can be used as the basis for a statistical test’ which has 
certain optimal properties if the necrotic site counts follow 
a Poisson law. If Ne and Ns necrotic sites occur in np and 
ns observations in leaves of the R and S lines, respectively, 
then we can use the properties of the binomial distribution 
to test if Ng necrotic sites occur in a total random sample 
of (Ne+Ns) necrotic sites with probability me /(npr+ans) 
expected if the average incidence of necrotic sites is the 
same in leaves of both R line and S line. For Nyp+Ns > 
20, a normal approximation was used. 

Preliminary experiments with crude nucleic acid prepara- 
tions showed that significantly more (P < 0.005) necrotic 
sites were produced when the extract obtained from the 
5r6/P6 interaction was injected into bioassay “plants of the 
R line (containing the Sr6 gene), than when it was injected 
































either line, and leaves that were injected but not infected, 
contained virtually no necrotic sitgs. The presence ef 
+ 





ve developed a bioassay with the r necessar ry 


into plants of the S line (Fig. 1). Non-injected leaves of, 





which caused Smd n necrosis in a leaves of Boh 
lines, in addition to the component that showed specificity 
towards the Sr6/p6 interaction. 


Typically, crude nucleic acid extracts contained RNA, 
DNA and protein in a ratio of 5:4:1, by weight. Because 
of their high DNA content these crude extracts were vis- 
cous and difficult to inject. Treatment with cetyltrimethyl- 
ammonium bromide (CTA), DNase and protease yielded 
preparations with higher specificity towards bioassay plants 


94 4 a 


8&0 
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Frequency of observations 


30 
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No. of necrotic sites per field of view (0.011 cm*) 

Fig. 1 Bioassay of a crude nucleic acid extract prepared 
from Chinese Spring wheat (containing the Sr6 gene for 
resistance) infected with race C17(56) of wheat stem rust 
(containing the P6 gene for avirulence). The extract was 
prepared” by homogenising plant material with n-butanol} 
chloroform/1M K;HPO, (1:1:2 v/v/v), followed by depro- 
teinisation of the aqueous phase with phenol. Nucleic acids 
were recovered by precipitation with ethanol and redissolved 
in 15 mM NaCl, 1.5 mM sodium citrate, pH 7.0 (1/10 SSC). 
Primary leaves of bioassay plants (7-d-old) were heavily 
infected with a virulent race (C45(56A)) to give 800-1 600 
appressoria cm’. Uredospore suspensions (6 mg mi?) in 
0.1%, gelatin and 0.001%, Tween 20 were applied with cotton 
swabs along 2 em of the adaxial (upper) leaf surface, 2-3 
em from the leaf tip. Inoculated plants were incubated in 
the dark (16 h, 20°C) then transferred to a growth chamber 
(16 h 20,000 lux: 8 h darkness; 20°C). This resulted in near- 
synchronisation of fungal development’. Twenty-four hours 
after the beginning of the first photoperiod, extracts in 1/10 
SSC were injected” into leaves between the tip and the 
inoculated area, so that the intercellular spaces in the 
inoculated region were flooded with extract. Six hours later 
the infected regions were excised, cleared and stained with 
Trypan blue (C.1. No. 23850) for microscopic examination’. 
Necrotic cells appeared to have collapsed and stained dark 
blue. They were also identified in unstained tissue by their 
characteristic fluorescence’, Resistant and susceptible near- 
isogenic lines of wheat produced by W. Q. Loegering’ from 
chromosome substitution lines of Chinese Spring wheat were 
used în these studies. a, R line (Sr6/p6 interaction); mean 
number of necrotic sites per field of view was 1.0 b, S line 
(sr6/ p6) interaction; mean number of necrotic sites per field 

of view was 0.246. 
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Treatment of crude extract Chemical analysis (ug ml’) 


: Azs0 RNA DNA Protein 
None l 40 1074 888 188 
Cetyltrimethyl-ammonium odid (CTA) precipitation’? 40 1064 968 53 
CTA precipitation followed by DNase* 86 1780 220§ oe 
66 1369 169§ sé 

CTA precipitation followed by DNase and proteaset 70 — — 3844 











followed by R Nase} 4] 0 2440 — 





CTA precipitati 







paration of the crude extract are given in the legend to Fig. 1. | 
| were determined with ethidium bromide’? using highly polymerised calf thymus DNA (Sigma) a 
standards. Protein was determined with Folin reagent™ using bovine serum albumin as standard. Plants u 












e, Chinese Spring wheat containing the Sr6 gene; and for S line, Chinese Spring wheat containing the sr 
race C45(56A) of wheat stem rust (containing the p6 gene). K 
i 100 yg of RNase-free DNase (Worthington) and 30 Aggy units nucleic acid ml*, 500 mM NaCl, 50 mM MgCl, 101 : 
Hy. ; 20° C. After incubation the mixture was deproteinised with phenol, extracted five times with ether, and t 








ted with ethanol and dissolved in 1/10 SSC. nea 
sed 10 mg of predigested insolubilised protease (Miles) and 30 Azs units nucleic acid ml”, in 1/10 SSC, 1 h, 37°C. Protes L ee 
centrifugation, nucleic acid precipitated with ethanol and dissolved in 1/10 SSC. ee ie T 
used 100 pg pancreatic R Nase (Sigma), 25 units T, R Nase (Miles) and 30 Azs units nucleic acid mI, 1 h, 37°C. Enzyme waa. removed: oe 
phenol as described above. i 
--§ Oligonucleotides, as determined by acrylamide gel electrophoresis. 
_ § Apparent high protein content due to products from self-digestion of protease. 
** R significantly greater than § at 0.05 level of probability. 















of the R line (Table 1). Digestion with RNase, however, RNA is directly involved in the resistant rez “thor 


destroyed this specificity, indicating that the active com- 
ponent was a ribonucleic acid. CTA precipitation of the 
crude nucleic acid, followed by digestion with DNase, 
resulted in preparations containing RNA, oligonucleotides 
of DNA and protein in a ratio of 94:5:1, by weight. Such 
preparations had a low viscosity at high RNA concentra- 
tions, and could be readily injected into wheat leaves. Eight 


to stem rust and that the active RNA sh 
comparable to the specificity of the host/ rpa 
Our bioassay should make it possible to obtain | 
information on the chemical nature of the active R 

its production, and on the mechanism of action le 
cell necrosis. We believe that this approach to the: 
host/parasite interactions may be applicable to ot th 















Table2 Specificity of RNA from rust-infected resistant reacting wheat leaves towards host genes for resistar — = 











Host-parasite complex from which RNA extract Bioassay system Necrotic sites 
7 was obtained | Gene interaction of bioassa: 

Gene interaction Aaien race* used R line S line Virulent race* used R line (A) S ipet 
Sr6/P6 C17(56) Sr6/p6 sr6/p6 C45(56A) 13.9 91 
Sr5jp5 sr5/p5 C45(56A) 3.9 5.8 
Sr35/P5 C5(29-1) Sr5/p5 sr5/p5 C1i(15B-4) 3.6 3.6 
; Sr6/p6 sr6/p6 C45(56A) 1.0 3.6 
Sr6/P6 C18(15B-1L) Sr6/p6 sr6/p6 C22(32) 9.5 ag 
Sriljpll sril/pll C22(32) 1.8 3.0 
SriijPil C2) a Sril/pll sriljpil C22(32) 4.9 aa 
Sr6/p6 sr6/p6 C22(32) 2.9 3.7 














+ R significantly greater than S at 0.05 level of probability. 


separate RNA extracts prepared in this way were tested in 
this bioassay system and they all caused more necrosis in 
plants of the R line than of the S line. 

Having demonstrated that an active RNA can be 
obtained from the Sr6/P6 interaction, we wished to know 
if active extracts could be obtained from other gene inter- 
actions, and whether active RNA isolated from one system 
was active in systems containing other genes. An active 
RNA extract obtained from the Sr6/P6 interaction was not 
active in the Sr5 bioassay system (Table 2). When a separate 
extract prepared from leaves of the Sr6 R line, infected 
with a different race (avirulent to Sr6) was used, it was 
active in the Sr6 bioassay system but inactive in the Sr// 
bioassay system. Conversely, an extract from leaves of the 
Sri] R line, maintained at 20° C and infected with a race 
avirulent to Sr// (Sr/1/Pi/ interaction), was active in the 
Sr// bioassay system but inactive in the Sr6 bioassay system. 
It was not possible to obtain an active extract from the 
Sr5/P5 interaction. We attributed this lack of activity to 
the fact that the host/parasite interaction conditioned by 
the Sr5 gene is usually restricted to very few cells and 
permits little potential for the production of detectable 
amounts of an active component. Since the Sr5 gene is not 
temperature sensitive, it is not possible to obtain *more 
extensive colonisation of the leaves by growing the 
inoculated plants at higher temperatures. 

In summary, our experiments have demonstrated that 


RNA was purified from crude extracts using CTA precipitation and digestion with DNase (see Table 1). 
* C numbers refer to Canadian designations of stem rust races!®; numbers in brackets refer to standard race designations”. 









parasite systems for which a gene-for-gene relatio 
exists. | 
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Virus-like particles in Leishmania parasites 


VIRUSES or virus-like particles (VLPs) have been found in 
Entamoeba histolytica’, in the amoeboflagellate Naegleria 
gruber} and in malaria parasites*™ °, but there have been no 
reports as yet of such organisms being found in the Try- 
panosomatidae. During investigations on the ultrastructure 
of various members of the genus Leishmania, however, 
VLPs have been found in the promastigote forms of an 
isolate of Leishmania hertiei. Leishmania hertigi? was ob- 
tained from Panama and kept in our laboratory on blood 
agar slopes or as cryopreserved material at the temperature 
of liquid nitrogen. Examination of the promastigotes of 
L. hertigi immediately revealed cytoplasmic inclusions of a 
type which had not been observed in any of our previous 
studies on the promastigotes of Leishmania species in cul- 
ture. 





= -- 


Fig. 1 Electron micrograph of section of promastigote of 
L. hertigi showing group of VLPs (VY), and hollow core of 
some of the particles can be seen. Material from 6 d culture 
fixed in 3% glutaraldehyde in 0.1 M cacodylate buffer, post- 
fixed in 1% osmium tetroxide and embedded in Araldite. 
K, Kinetoplast; m, mitochondrion; N, nucleus (x 22,000). 


The particles are distributed throughout the cytoplasm of 
the promastigotes (Figs | and 2), and are seen in a high 
proportion of sections examined under the electron micro- 
scope. It is likely therefore that all parasites of this isolate 
are infected. The particles have no effect on the growth 
pattern or division of the Leishmania promastigotes in 
culture and no apparent detrimental effect on cell structure. 
The promastigotes divide by longitudinal binary fission in 
the cultures and the particles are present in the two halves 
of the dividing parasite and are maintained in this way 
The individual particles are usually spherical in section 
55-60 nm in diameter and packed in a manner typical of 
Virus organisation, (Figs 1, 2. and 3). There is an electron- 
dense outer ring and an electron-lucid core, 17-20 nm in 
diameter (Fig. 3). The number of particles dn each group is 
variable. 

Within the cytoplasm of parasites which are known to 
contain VLPs, unusual rod-like structures arè found which 
are not usually seen in trypanosomatid cells. The presence 
of VLPs may induce the production of these inclusions. It 
is not known if L. hertigi acquired the VLPs in natural 


conditions from a sandfily vector or from the mammalian 
a 
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Fig. 2 Section through two promastigotes of L. hertigi; 

both parasites show VLPs (V) in their cytoplasm. Unusual 

cytoplasmic inclusions are present in both these parasites 

and may be related to the presence of VLPs. Fixation as in 
Fig. 1. r, Reservoir; f, flagellum ( x 22,000), 


host, the tropical porcupine Coendou rothschildi. It is un- 
likely the VLPs were acquired in laboratory conditions as 
no other Leishmania isolates examined have been found 
infected, but even if the parasites were infected in the 
laboratory such an observation in itself would be of great 
interest. 

Further studies on these inclusions are in progress to 
characterise their nature and to determine if they are in- 
fective to other species of Leishmania and Trypanosoma 
and to mammalian cell cultures. The effects of any virus on 
the parasite genome have obvious evolutionary implications. 
It is also possible that intercurrent virus infections may play 
a hitherto unrecognised role in the clinical manifestations 
of Leishmania and Trypanosoma infections. Relatively few 
isolates have been examined with the electron microscope 
and such associations may be common with resulting im- 
portant clinical and chemotherapeutic implications, both in 
treatment and possibly in transfer of drug resistance be- 
tween parasites. 

I thank Dr A. Herrer for supplying the isolate of 
L. hertigi and to my colleagues in the Department for sup- 
port and encouragement, particularly Professor W. Peters 
and for the advice of Professor P. C. C. Garnham and Dr 





Fig.e3 Showing aggregation of VLPs adjacent to the kine- 
toplast (K) of L. hertigi. The dense outer layer and electron 
lucid core can be seen in some particles. Fixation as in Fig. 


l. b, Basal body ( x 120,000). 








A s Work WAS supported by a grant from the 


ay | D. H. MOLYNEUX 
ep artment of Parasitology, 


Shoat of Tropical Medicine, 









Davies, 


Pembroke Place, Liverpool L3 SQA, UK 


Received February 1, 1974. 


lattern, C. F. J, Diamond, L. S., and Daniel, W. A., J. Virol, 

342-3 58 (1972). 

F. LL. and Dunnebacke, T. H., J. ulirastruct. Res., 36, 
49 


Med.,. 10 (Supplement), 134, 916-921 


E 


(1971)... 
| J. A., Milit. 
| E E, Howells, R. E., TT Venters, D., Ann. trop. Med. 
‘Parasit. 65, 403 -408 (971). 
` Bird, R. G., Draper, DN oe and Ellis, D. S, Buil. Wid Hlth 


OFS. 46, 357: 343 (1972). ; 
rer, AS d Parasit, 37, 626-629 (1971). 






¥. 





Devastation ofa fringing 
coral reef by Acanthaster 


A RECENT synopsis of reports on the status of populations of 
the Crown of Thorns Starfish, Acanthaster planci (L.), in 
the Indo-West Pacific’, indicates that no extensive destruc- 
tion of living corals by this starfish has yet been recorded 
in the western Indian Ocean. Here 1 present a preliminary 
account of an aggregated starfish population and extensive 
mortality of hard corals, observed in May 1973 off the 
north coast of Grande Comore, Comoro Islands. 

Examination of a portion (about 150300 m) of the 
fringing reef off Lac Salé, north-east Grande Comore (at 
11° 21'S, 43° 22’E), showed an approximate 90% mortality 
of hard corals; this was estimated by eye at four points on 
the reef slope as the percentage of recently dead coral (skele- 
tons both white and various shades of green, being in 
different stages of colonisation by green algae) over total 
coral (recently dead plus still living coral). 

That the mortality was due to Acanthaster was inferred 
‘om the presence on the Lac Salé reef of large numbers 
of these starfish and from the discovery of many more at 
Mitsamiouli ön the north-west. corner of Grande Comore, 
where an estimated 40% of the hard corals bad recently 
been killed. Coral predation became less frequent as I moved 
to the south off Mitsamiouli; my visit to Grande Comore 
coincided, therefore, with the recent devastation of the Lac 
Salé reef and the incipient devastation of the Mitsamiouli 
reef. The indication was that a large number of Acanthaster 
had moved as a front in an anti-clockwise direction around 
the northern coast of Grande Comore. Thus, the starfish 
that I found at Lac Salé would only have been the remnants 
of this mobile population. The survival of many corals in 
shallow water and of a small percentage of them on the 
reef slope, which was dominated by ‘table’ forms of the 
genus Acropora, rules out freshwater run off or upsurge of 





cold water as reasons for mortality, and further, nearly all 


the Acropora tables showed no sign of mechanical damage, 
although denuded of their tissue; thus changes in purely 
physical parameters cannot explain this mortality. A similar 
level of hard coral mortality due to Acanthaster has been 
observed on other badly affected coral reefs*’. 

Hard coral colonies on the reef slope survived especially 
in the wider, outer parts of the surge channels which dissect 
the reef slope; here the coral colonies were separated from 
the main reef by a sandy floor, which may give partial pro- 
tection from Acanihaster*. Many colonies also had been 
only partly denuded of their living tissue. Surviving colo- 
nies and surviving patches of partially denuded colonies 
are probably important in reef recovery’. 




















The number of fish species recorded $ 
was consistent with values for other 
island reefs where little or no evic 
found (Table 1). Out of a total. 
dontids, which are typical ‘coral. 
at the 3 localities, there were 13 at. 
mortality), 12 at Iconi (hard cor 
Mitsamiouli (40% hard coral m 
while Acanthaster and other facte 
effect on the hard coral cover, th 
number of fish species. Porter’ found t 
dation can have a beneficial effect on ci 
Heavy stressing of Grande Comore reefs 
and spear fishing inhibits more detailed : 
faunal differences between the affected and t 
certain species, however, such as the herbi 
rids? Ctenochaetus striatus and Acanthurus lène 
may have increased on the Lac Salé reef. z 
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Fig. 1 Size-frequency histogram (otal diamet 
Acanthaster_planci collected between 1300 and 
May 24, 1973 in the same reef flat habitat of the Lac 

Grande Comore, fringing reef, | 





Few Acanthaster were found in the zone of 
coral mortality. Nearly all the individuals | 
fined to the reef flat, where the coral cove 
higher proportion of the corals still survived, € 
swell were more marked on the reef flat than 
slope; starfish detached from the substrate on d 
had great difficulty in regaining their hold. No st 
found in the act of feeding during the daytime, . 
few individuals were visible from the sea surface. 
individuals were found only by breaking open clu 
branching corals. The size-frequency histogram (t0 
meter) for 44 starfish collected in the same reef - 
indicates the presence in the population of at leas 
classes (Fig. 1). The population may still be a 
however, with animals contributed from the on 
slope and from the impoverished reef flat: I 
suggested that the bimodal size distribution re ay 
some Sudanese Red Sea Acanthaster” might not be d 
the presence of two age classes, and could have re 
from the sampling of different habitats, where cor 
was more or less abundant. 

H. R. Lubbock (personal communication, 1971) 
large numbers of Acanthaster in September 1971 im | 
harbour, Grande Comore, and from discussions with a}. 
diver (J. Nicholas, personal communication) it seems. 3 
bable that this starfish has been common on Gf 
Comore for even longer. 7 

In addition to the 18 localities recorded in Table 1, T have 
examined nine others ia the granitic Seychelles; only off Lac. 















“Table 1 Eighteen western Indian Oceat 






island localities visit T 


Observation Maximum Fish species 
time (h) depth (m) seen (No.) 

Lac Salé, Grande Comore 3 9 104 
-Mitsamiouli, Grande Comore l 13 73 
a Iconi, Grande Comore i 26 82 
= Récif Vailheu, Grande Comore l 37 85 
‘Canzoni I., Moheli ji 26 87 
Ouénéfou 1., Moheli l 19 106 
Andrema 1, Mayotte 4 34 154 
Banc du Geyser 1 28 80 
Banc Suzy, Nossi Bé- l 16 57 
Tsara Bajina, Mitsio Is. 2 6 97 

2> Behangovo, Mitsio Is. 0.5 28 43 
c. Ankarea, Mitsio Is. 3 9 113 
o Radam Is. l 9 76 
<: Poivre, Amirante ls. 25 19 93 
= Alphonse, Admirante Is. 4 43 152 
West North 1., Cosmoledo 4 37 152 
Assumption 4 56 160 

f Johnny Channel, Aldabra 1.5 9 84 





eee ne type a state of reef 


Many starfish present; ~ 90% dead coral on reef slope. Fringing. 
Reef once rich. 

Many starfish present; ~ 60% corals still living. Fringing. Reef 
still rich. 

aes seen, almost no live hard corals. Fringing. Reef long 
‘deg ? 

None seen; no evidence of predation. Rich table reef. 

None seen; no evidence of predation. Fringing. Rich coral in 
shallows. 

None seen; no evidence of predation. Fringing. Rich coral in 
shallows. 

One individual seen; no evidence of predation. Fringing. Very rich 
coral in shallows. 

None seen; no evidence of predation. Atoll. Rich coral on outer 
reef flat. 

None seen; no evidence of predation. Patches. 

None seen; no evidence of predation. Patches. 

Four seen; no evidence of predation. Rare patches on desolate slope. 
None seen; no evidence of predation. Patches. 

None seen; no evidence of predation. Patches. 

None seen; no evidence of predation. Atoll. Rich coral in places. 
None seen; no evidence of predation. Atoll. Rich coral in shallows. 
None seen; no evidence of predation. Atoll (elevated). Rich coral 
on outer reef flat. 

None seen; no evidence of predation. Elevated reef. Rich coral on 
outer reef flat in places. 

None seen; no evidence of predation, Atoll (elevated). Some rich 
coral on channel edges. 
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= Notes were taken underwater. 


*No evidence for implication of Acanthaster. 


Observation time is given to the nearest half hour. Also recorded are maximum depth reached, number of fish species recorded by sight and 


sightings of Acanthaster, with notes on the type and state of the reef. 


Salé and Mitsamiouli, Grande Comore, have I found large 
numbers of Acanthaster and an extensive, recent mortality 
of hard corals. There is evidence, however, of recent popu- 
lation increases of Acanthaster elsewhere in the western 
Indian Ocean: on a reef off Mauritius', on Kenya reefs 


& (ref. 1 and R. Tauber, personal communication) and on the 
_ ‘Grand Récif’ off Tuléar, Madagascar (L. A. Maugeé, per- 


sonal communication). It is interesting to note that de 
Loriol” reported in 1885 that specimens of Acanthaster were 
assez fréquents (quite common) in Mauritius. 

There is no doubt that aggregations of Acanthaster can be 
responsible for extensive mortality of reef corals. Recent 
studies have shown that high levels of reef coral predation 
may be concomitant with active reef growth™, and that in 
the case of patch reefs in Bermuda’, a phase in their 
development is burial by sufficient particulate sediment to 
kill the sessile reef organisms. Aggregations of Acan- 
thaster are destructive in the short term, but they may be 
an important factor in coral reef development in the long 
term? 32-14-45, 
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Rats learning to work for alcohol 


lr animals are to be used in the study of alcoholism, it is 
important that they show characteristics similar to human 
alcoholics. It has been demonstrated that animals can show 
tolerance and withdrawal symptoms to alcohol’: therefore, 
animals can legitimately be used to study these aspects. 
There has, however, been little evidence that animals 
develop the most important factor in alcoholism, a strong 
motivation to obtain alcohol for drinking. As there have 
been no demonstrations of animals learning a new response, 
or even continuing to make a previously learned response, 
to obtain drinking alcohol, in the presence of food and 
water ad libitum, it has been possible to claim that their 
alcohol consumption is ‘accidental and inadvertent”. If this 
were true, experiments on voluntary alcohol drinking by 
animals would be of little value for generalising to humans. 

It therefore seemed critical to determine if animals could 
learn to work for drinking alcohol and to assess their moti- 
vation, if any, for alcohol. Animals which had developed a 
strong preference for alcohol in a free-choice situation were 
thought to be most likely to be motivated to obtain alcohol. 
Therefore, 60 male albino rats of three different strains 
were given at least 55 d free access to a 10% (v/v) ethanol 
solution, tap water and the standard Alko rat food. From 
these, six were selected for testing in the Skinner box be- 
cause of their consistent high preferences for alcohol. Three 
were of the AA strain developed for high alcohol consump- 
tion’’, two were Sprague-Dawleys, and one was of the 
ANA strain**. During the week before testing, their ratios 
of ethanol solution to total fluid consumption ranged from 
0.60 ta, 0.98. 

These rats were then each housed continually in a stand- 
ard two-bar Lafayette operant conditioning cage, modified 

















‘one bar - yielded a. oe ‘of about 0.1 mi of 
‘solution, and pressing the other bar produced 
yp of water. An open jar of food and a bottle 
available ad libitum at all times ‘in the 
) hb dark, 14 h light illumination schedule 


y st day of testing, before each rat was placed 
ner box, drops of water were placed on the water 
alcohol solution on the alcohol bar. No other shap- 
1y kind was used. A rat was arbitrarily considered 
: learned to work for alcohol if it responded more 
than 100 times d° for alcohol and at the same time 

pressed at least twice as often for alcohol as for water. 

All six rats met this criterion, four during the first night, 
one on the second night and one on the third night in the 
Skinner box. Once a rat had learned to work for alcohol, it 
to meet the criterion every day thereafter (Fig. 1.) 
sequently, a reversal test was made by interchanging 
oth ositions of the alcohol and water bars. All but one of 
the animals learned the reversal: two during the first night, 
two on the second night, and one on the fourth night. 

Two ANA rats which had not developed alcohol prefer- 
ences? were also selected from the original 60 animals for 
testing as controls in the Skinner box, using the same pro- 
cedure as before. Neither rat met the criterion during 10 
d of testing. One ignored both bars and obtained its fluid 
from the free water bottle. The other pressed both bars 
about 50 times per night, but still got most of its liquid 
from the free water bottle. 






Bar presses 





Time { d) 


Fig. 1 Mean daily responding for 10% (v/v) ethanol 
solution (@) and for earned water (O) by six rats. As each 

bar press produced about 0.1 ml, the approximate volumes 
earned can be read from the ordinate on the right. Con- 
sumption of ‘free water’ (X): from a bottle available 

“$i ad libitum, is also shown. After the ‘reversal’ (R) the alcohol 
l and water bars were interchanged. The lower alcohol 
= responding and higher free water intake at this time is caused 

by one rat that failed to learn the reversal. 


The motivation for alcohol pa tested in two of the rats 
which had previously learned to work for alcohol: one was 
an AA, weighing 421 B the other a Sprague-Dawley, weigh- 

mg 440 g. Weights were added progressively each day to the 

-back of the alcohol bar, thus increasing the effort required 
to press it. On a continual reinforcement schedule, such as 
used here, this procedure should successfully measure moti- 
vation, since it has been found that rats otherwise prefer 
a bar requiring less effort to press’. This method was 
chosen rather than, for instance, electrifying the alcohol 
bar, because it should be less likely to produce confound- 
ing stressful effects. 

Both rats continued pressing the alcohol bar until, over 
140 g were attached to it. The AA rat responded at a “rela- 
tively constant rate until 137 g were attached, but showed a 
sharp decrease when additional effort was required. Respon- 
ding by the Sprague-Dawley decreased continually through- 


Volume (ml) 





Bar presses for alcohol 
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Weight on alcohol bar w | 
Fig. 2 Daily responses for 10% alcohol soli i 
SD15 (®) and AA141 (X), as a function of t 
to press tne alcohol bar. Each day progress 
amounts of weight were attached to the aicom 
distance from the fulcrum equal to that of the p 


which the rats pressed. Free food and w 
without weights, producing water, were continually ava: 


out the experiment as a nearly linear function of thes 
attached to the alcohol bar (Fig. 2). | 

Unlike previous studies, in which rats have bar 
for alcohol’-", the present findings clearly cannot be a 
ted to motivation from hunger or thirst, as food ar 
were concomitantly available ad libitum. The incha 
a bar producing water controls for spontaneous bar - 
or responding motivated by stimulus change or i 
The reversal task controls for position preference. 5 
shaping was used, the results are not a function 
of the experimenter in shaping procedures: 7 
that the learning was reinforced by obtaining altok: 
to drink. 

Some animals have previously been foumi 
intragastric or intravenous injections of al 
few cases to learn new responses for the 
injections’, These results showed that alcohol cot 
reinforcer, but they could not eliminate the jx 
the animal’s motivation for alcohol injections was 
different from the alcoholic’s motivation for a d 
alcohol. As the present study shows that animals ¥ 
learn to work for drinking alcohol. it is less lke 
fundamental difference exists between the motiv 
humans and these animals for alcohol. = 

From a comparison with two unsuccessful. 
unpublished) previous attempts to train rats to | 
alcohol, it seems likely that the present Į 
successful because, first, rats were used that had der 
ted long-standing, consistent, strong preference fo 
alcohol solution; second, the animals remained i 
Skinner box during the night, which is when rats ne 
drink alecohol®, rather than being tested only in _ 
sessions; and third, they had not previously been ta 
bar press for water, a procedure which in one of 
successful previous attempts seemed to produce a. 
quent decrease in voluntary alcohol drinking. ao 

In conclusion, humans are not the only eres 
times motivated to obtain alcohol for drinking: sc 
seem to develop a similar motivation which can. lead 
to learn new responses for alcohol reinforcement a 
expend rather large amounts of effort to obtain it. 
findings also suggest the possibility of opening m: 
tions concerning alcohol drinking by animals to 5 
cated analysis wah the use of operant technique 
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tion of the Skinner box. 
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Time as heard in speech and music 


THE time intervals of consequence in music range from 
about 50 ms, the fastest that notes may be separately 
fingered on the piano, to about 1 s, the tempo of slow largo. 
Poetry is customarily recited with beats every 600-800 ms, 
and the semi-isochronous stresses of speech rhythm are, 
according to Classe, of the order of 600 ms apart’. We take 
pride in the accuracy with which we can produce and 
appreciate these intervals or deviate from them at will. That 
we require an auditory information storage of brief dura- 
tion, briefer than that customarily named short-term 
memory, is known, Neisser calling it echoic memory’; but, 
as distinct from our other kinds of memory which memo- 
rise events in rank order of occurrence only, what our 
talent for music and speech shows is that in this brief stor- 
age we possess, with a working range of a second or so, a 
comprehension of those things we have just heard, arranged 
quite accurately in true time relationship. 

This was explored by devising an electronic metronome 
in which every fourth beat was irregular by a controllable 
amount, the overall tempo or interval being also under 
control. It was set up connected to a loudspeaker in a 
studio with good listening conditions, and to a timer. The 
interval is first set to the required figure and the irregularity 
to zero, using the timer. The timer dial is then obscured, 
and the operator’s task is to increase the*irregularity him- 
self until it becomes just evident to his eax He may repeat 
until satisfied. Subdividing the intervals either overtly (by 
foot-tapping) or covertly (for which the operator’s integrity 
must be relied on) is barred. This least discernible irregu- 
larity is then read from the timer. a 

A plot of two sequences of readings for various intervals 
obtained by the author after several weeks’ practict is 
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Fig. 1 The accuracy with which rhythm can be heard, or 
brief times assessed, plotted as least discernible deviation 
from regularity of a metronome, of which every fourth beat 
interval between beats. a, Intervals 260-3,200 ms; b, intervals 
30-260 ms. Two runs are shown by the same operator on 
is controllably irregular, against overall tempo shown as 
different days. Considerable na is needed to obtain 
results as consistent as these, ©), first run; x, second run, 


shown in Fig. 1. Similar plots obtained by other operators 
indicate that the limit of discrimination is biologically im- 
posed. The experiment is difficult to perform but the effect of 
practice is to improve the consistency of results, not the 
discrimination under test. 

The form of the plot is striking. There are no periodicities 
as might be expected from cyclic brain timing mechanisms, 
suggested by Lenneberg*. In fact the approximately expon- 
ential shape indicates that the brain mechanism involved in 
timing partakes of the nature of a simple analogue device, 
possibly of a decay time or delay line type. 

I suggest that the above named arrangement of events in 
true time relationship occurs within this mechanism, dis- 
played as it were against an exponentially decaying scale 
of the 3 s or so preceding the present instant; and that this, 
being man’s only such arrangement, provides, in effect, 
our sensation of time. 


H. W. M. Lunney* 
Speech and Language Research Centre, 
Macquarie University, 
North Ryde, 
New South Wales, 
Australia 2113 
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Sir —in a recent study of temperature 
effects. and the Zhabotinskii reaction, 
Thoenest measured the speed of the 
reaction wave fronts and related it to the 
temperature distribution in the sample. 

A temperature gradient was artificially 

imposed from outside the system. 

Thoenes’ interpretation of the data is, 
however, either unclear or misleading on 
some points, 

In the first paragraph Thoenes wa icates 
that the theoretical analysis which he uses 
was suggested by Beck and Váradi’. 
It seems more probable, however, that 
the reference should be to Zaikin and 
Zhabotinskii®. These authors refer to 
the work of Prigogine and Nicolis?, 
among others, as providing the theoretical 
foundation for their simplified analyses. 
Thoenes’ implication that his theoretical 
analysis is independent of the work of 
Prigogine and coworkers is therefore 
misleading. 

C This analysis rests on the assumption 
that the frequency of the oscillations, ©, 
can be described as a function of the 
position, x: 





l w (x)= 0° F (x) | (1) 
This i is Thoenes’ equation (1). He later 
identifies F (x) with 

exp (-- E/RT (x) (2) 
where E is an energy and 7 (x) is the 
position dependent temperature. This 
is Thoenes’ equation (5). Thoenes states 
that this treatment explains all the 
phenomena reported by Zaikin and 
Zhabotinskii®. This is not surprising as 
they had already shown this to be true. 
(In this context, recent work by Winfree? 
is also interesting.) 

But equation (1) can also be madoe 
in the context in which it is given. The 
oscillatory behaviour which it implies is 
rather rare in chemical reactions and the 
Zhabotinskii reaction is a very special 
case. Several authors have discussed the 
the requirements for, and the charac- 
teristics of, such chemical reactions. 
These works point out that equation (1) 
can only describe very special types of 
chemical reactions. 

The interpretation of equation (2) 
may not be as simple as Thoenes suggests. 
The heat output and the redox potential 
step during the oscillations change 
according to. the number of oscillations 
which have occurred’. Equation (2) 





would not therefore be expected to give a 
single datum, as Thoenes apparently 
assumes. Some of the effects of heat 
production in the Zhabotinskii reaction 
have already been noted by Busse’, 
although his interpretations of some other 
points were incorrect!!, The chemistry of 
the Zhabotinski reaction has been 
discussed extensively'?:!%, and there has 
been a theoretical study’ of an ideal 
system of the type studied by Prigogine 
and coworkers but with heat production 
included. Beck and Váradi” also explicitly 
mention the effects of the container walls 
on the reaction characteristics. 

Thoenes’ statement “I conclude that 
spatial patterns in the Zhabotinski 
reaction are not examples of dissipative 
structures as described by the theory of 
Prigogine” does not therefore seem to be 
correct. Thoenes’ analysis is in fact 
based on Prigogine’s work. 

I conclude that Thoenes has reported 
very interesting experimental results on 
the effect of temperature on the Zhabo- 
tinskii reaction, and that in order to 
interpret this data he has also reformulated 
and enlarged upon a previous mathe- 
matical description by Zaikin and Zhabo- 
tinsku® which was in turn based on the 
theories of Prigogine and coworkers?. 


Yours faithfully, 
DouGLas H. MCQUEEN 


Organic Electron Physics Group, 
Chalmers University of Technology, 
Göteborg, Sweden 
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Structure of wa er 
in porous glass 
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of the actual percentage of water within 
-a particular state’. 

These limitations seriously challenge 
the validity of Roberts and Northey’s 
conclusions and probably account for 
the discrepancy between their results 


z ~~ and those of Belfort et al., who used the 
= preferred pulse NMR techniques. 





Yours faithfully, 
GEORGES BELFORT 


School of Applied Science, 
Hebrew University, 
Jerusalem, Israel 
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Dr ROBERTS REPLIES: We acknowledge 
that Belfort’s criticism might be valid 
had we simply recorded the NMR spec- 
trum of water sorbed in the sintered 
glass. As pointed out in our article’, 
however, the spectrum was recorded 
after distilled water had been drawn 
through the porous glass membrane for 
30 h—the time normally required for 
the determination of a diffusion coeffi- 
cient by the diaphragm cell method. 
The initial NMR signal of the water 
sorbed in the sintered glass was broad- 
ened compared with that of bulk water, 
and it might be argued that this broad- 
ening was simply a consequence of 
“field inhomogeneities produced by the 
glass matrix.” 

When water was drawn through the 
sintered glass for 30 h, however, the 
NMR signal of the occluded water 
became still broader, and an increase in 
hydrodynamic resistance also occurred 
(see also ref. 2). This increased broad- 
ening, which amounted to approxima- 
tely 8 Hz at half-height, cannot be 
explained by invoking field inhomo- 
geneities. 

Belfort’s work on porous glass? does 
not discuss the effect of prolonged 
movement of water through glass pores. 
In this connection the observation’ that 
the conductivity across a sintered glass 
disk immersed in dilute potassium 
chloride does not alter when the solu- 
tion is drawn through the disk over an 
extended period, whereas the hydro- 
dynamic resistance increases, suggests 
that the hydrodynamic resistance is not 
a result of obstruction of the glass pores 
by air bubbles or solid particles. 


* 






The purpose of our article’ was not 
to argue that water in glass pores (5- 
15 am diameter) is structurally modified. 
Rather, we argued that it becomes modi- 
fied on prolonged movement through 
the pores, with a resultant decrease in 
the hydrogen ion diffusion (and most 
probably the diffusion of the hydroxide 
ion) but with no effect on the diffusion 
of other ions. 

It would be interesting to be able to 


calculate the degree of broadening of. 


the NMR signal of water which is com- 
patible with a reduction in the value of 
the diffusion ratio, D/D”, of the hydro- 
gen ion, from 1.0 to approximately 0.9. 
These were the values obtained respec- 
tively from the polarographic and the 
diaphragm cell methods. 

Our recent work* on deuterium ion 
mobility in heavy water solutions of 
electrolytes confirms our original finding 
that the diaphragm cell method gives 
low results for the limiting diffusion co- 
efficient of the hydrogen ion. 


Department of Chemistry, 
University of Tasmania, 
Hobart, Tasmania 
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IQ and race 


Sir,—In her recent communication 
Tizard’ showed that the effects of 
environment on IQ are great but that 
racial differences are not significant. In 
fact, her data on children of 4.5 yr 
divided into those still in institutions, 
those returned to their natural mothers, 
and those adopted, show that the non- 
whites have a consistently higher mean 
score than the whites. The racial dif- 
ferences within each of the three 
environmental classes are, indeed, not 
significant but the probabilities may be 
combined, since the classes are inde- 
pendent, giving P=0.04. Taken alone, 
this result might not mean much, but 
in Tizard’s other study non-white 
children have higher scores in each of 
three IQ tests than white children, the 
difference being significant for one 
test (P=0.02). It seems that the non- 
evhite children have higher [Qs than 
the whites. 

* Unfortunately, this result is open to 
several interpretations, at least two of 
which seem probable. Non-whites may 
be better endowed genetically with 
regard to intelligence than are whites. 
On the other hand, however, the 

@ 


‘Dr TIZARD REPLIES: 
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children tested might not have been 
random samples of the racial groups to 
which they belong: British blacks are 
of recent immigrant stock and prob- 
ably of abave average socioeconomic 
status in their homelands. (Vizard 
found no significant differences be- 
tween fathers of different races in ratio 
of manual to nonmanual occupations 
but this is a crude test and, in any case, 
blacks will do less well than whites of 
similar intelligence in job competition, 
because of colour prejudice and 
educational differences.) 

The question of ‘nature and nurture’ 
with regard to IQ is politically 
sensitive: the extremists of both left 
and right are seeking support for 
equally silly and wicked beliefs. It is, 
therefore, important that the scientific 
examination of the question should be 
scrupulous. I hope that these comments 
will help the truth to emerge, whatever 
it may be and to whomever it may be 
unpalatable. 


Yours faithfully, 
J. J. D. GREENWOOD 


Department of Biological Sciences, 
University of Dundee 


! Tizard, B., Nature, 247, 316 (1974). 


Greenwood cor- 
rectly states that the non-white children 
in our studies had consistently higher 
mean test scores than the white 
children. As I pointed out in my letter 
no definite conclusion can be drawn 
from this finding. Greenwood’s sugges- 
tion that selective immigration by IQ 
has occurred from the West Indies is 
of course possible, but if true would 
constitute a powerful argument in 
favour of environmental influences on 
development, as it is known that the 
mean IQ of the school-age children of 
West Indian immigrants living with 
their families in London is significantly 
lower than that of white school 
children. An alternative ‘genetic’ ex- 
planation would be that West Indian 
immigrants who place their children in 
long-term care are of higher IQ than 
the corresponding group of white 
parents. ‘Environmental’ explanations 
of the finding could also be advanced; 
for example, small black children are 
often found particularly appealing and 
may receive more attention from their 
nurses. 

The main argument of my letter, 
however, was that within each environ- 
ment inter-racial differences in test 
scores were small, but differences in 
test scores which we could relate to 
measured aspects of the environment 
were large and significant. 


Institute of Education, 
London 
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1 Batesian mimic ? 


has suggested that juvenile 
(Anguis fragilis L.), and 
e adult females which retain 
irk vertebral stripe, are Batesian 
-` mimics of the adder (Vipera berus L.). 
-< His main evidence for this view is 
circumstantial; parturition occurs at the 
same time in the two species, but is 
usually about one week earlier in the 
viviparous lizard (Lacerta vivipara 
Jacquin). Smith suggests that parturi- 


tion time in the slow worm has evolved 


such that the species gains maximum 
advantage from the mimicry. 

_ There is, however, a simpler explana- 
tion of the time of parturition. The 
viviparous lizard is a strictly diurnal 
heliotherm, maintaining a ‘preferred 
body temperature’ of about. 30° C 
whenever solar radiation is sufficiently 
intense to enable it to do so’; it can 
achieve this relatively high temperature 
rapidly’. Adders, in contrast, are both 
diurnal and crepuscular*, and the slow 
worm, as Smith admits, is a burrowing 
animal which is not often seen in day- 
light. Body temperatures of the adder 
are consequently variable; they do not 
maintain a high temperature for long 
periods. Slow worms do not usually 
maintain a preferred body temperature 
at all; their body temperature is nearly 
always near that of the ambient air 


(unpublished observations). | 
It is not surprising, therefore, that 
embryological development in vivi- 


parous lizards should proceed more 
rapidly, and it is significant in this 
connection that the optimum tempera- 
ture for development of viviparous 
lizard embryos in vitro is 27-28° C, 
whereas for slow worms it is 18° C 
(ref. 5), 

I conclude that there is no justifica- 
tion for regarding the slow worm as 2 
Batesian mimic of the adder, and 
adduce as additional evidence the fact 
that neither my children nor I—two 
predators with very different levels of 


experience—ever confuse the two 
species in the field. : 
Yours faithfully, 
R. A. Avery 


Department of Zoology, 
University of Bristol, 
Bristol BS8 1UG, UK 
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MR SMITH REPLIES: ——-Herpetologists 
have questioned my suggestion! that the 
dorsal zigzag of some female slow 
worms (A. fragilis L.) mimics that of 
adders (V. berus L.) since anyone 
familiar with the animals can easily 
distinguish them. Dr Bellairs (personal 
communication) notes the different be- 
haviour of slow worms and adders 
when threatened, unlike other mimetic 
lizards’, and Avery here suggests that 
the coincidence of parturition times is 
explained by body temperature and 
habits. The usual predators of slow 
worms are not humans, however, but 
are more likely to be small, colour-blind 
mammals which must decide quickly 
whether or not to attack. Thus a char- 
acter associated with a previous un- 
pleasant experience (an adder bite) may 
cause momentary hesitation, giving a 
slightly increased chance of escape and 
a small selective advantage. 

Whether mimicry evolved in res- 
ponse to concurrent parturition times 
or vice versa is incidental to the in- 
creased advantage of a birth period 
around the peak of the adder’s when 
gravid females are vulnerable to visual 
predation as they bask in the sun. 
Nevertheless, it is interesting that, al- 
though slow worms mate mainly in 
May, fertilisation does not occur until 
June’ and embryonic development be- 
gins around the birth time of viviparous 
lizards (L. vivipara Jacquin), so that 
‘preferred body temperature’ is only 
part of the explanation. 

Thus, Batesian mimicry seems to be 
the best, current explanation of the 
dorsal zigzag pattern and its presence 
in some adult females only. 


Department of Zoology, 
University of Reading, 
Reading, Berkshire RG6 2AJ, UK 


i! Smith, R. H., Nature, 247, 571 (1974). 

* Bustard, H. R., Br. J. Herpet., 4, 22 
(1968). 

* Smith, M. A., The British Amphibians 
and Reptiles, (Collins, London, 1951). 


Silent alleles and 
haploid expression 
in deficiency mapping 


Sir, —If a portion of one of the chromo- 
somes is missing, and a primary gene 
product is reduced in amount, this indi- 
cates that either one locus determinihg 
this enzyme is missing or that it. is 
ineffective due to a silent allele’. e» 
The evidence can be evaluated in the 
conventional currency used in human 
linkage studies, the lod, or logarithm of 
the odds ratio?’*, by the following simple 
procedure. í 




































of the enzy. 1 
with esas : 


a a th: 
silent, 


the likelihood ha th 
expression is the ordinate 
curve of unit variance with 
or 4/(1/2njexp[—HA—-~a)*) 
likelihood that it is due to diple 
sion is 4/(1/2n)exp[- “Hd se) 
natural logarithm of the ratic 
ordinates is 4[(d—a@)* ~~ 
logarithm of this ra 
0.217 [(d—a)}*—-(h—-a}* 
rithm of this is the likelll 
odds ratio. fs 
On the data of Ferguson-Se 
the mother had a mean level 
units; the mean level for controls 
same phenotype was 119 unm 
taking the conservative estimate - 
silent allele would reduce acti j 
40%, we have d = na, doo 
kK = 71.4, k = 11.9; a’ als 4 
where the ran tora see x 
used. This gives an approxi 
standard deviation on t! 
et al’. The log of the ikelihow 
the lod, is then 0.217 eh 
= 3.1 giving an odds ratio of. 
1250:1 in favour of a nonsilent alle 
Supplementary information, 
the size of the deficiency, and t 
of silent alleles, may also be inc 
This is most simply done by wo 
logarithms throughout, so that 
numerical results are additive, , 
The failure of the sis 
positus to show evidence o 
allele, which she would have 
chance of doing if one were 
provides a further lod of log C J ori 
favouring deficiency. 7 
I thank Professor M. A. Fergu 
Smith for discussions. : 








Yours faithfully, 





The Infant Development Unit, 
Queen Elizabeth Medical | C entre, 





Edgbaston, Birmingham, BIS 276, U 
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R,—-In a recent communication in 
Nature, Weeds et al.’ described some 
-modifications in the subunit constitu- 
nts of myosin subsequent to surgical 
ransposition of the nerves of two 
functionally disparate muscles (for 
example, a fast-twitch, glyocolytic 
muscle against a slow-twitch, oxidative 
muscle). The evident metabolic re- 
programming of the cross-reinnervated 
muscles led them.to conclude that “It 
would be interesting to know if the 
electromyogram activity of muscles 
does change following — cross-rein- 
_ nervation” (that is, is the alien-innerva- 
ted muscle activated in a fashion com- 
-parable with that of the muscle for 
which the nerve was normally in- 
tended?). 

Obviously, few if any efforts have 
been made to determine the actual 
pattern of utilisation of cross (and self) 
reinnervated limb muscles. Ideally such 
studies require precision monitoring of 
electromyogram activity (by chronic 
indwelling electrodes) or normal and 
alien-innervated muscles during the 
repertoire of physical activities of nor- 
mal and experimental animals. There 
are, however, several less sophisticated 
-observations available which indicate 
that cross-reinnervation by functionally 
dissimilar nerves does lead, at least 
partially, to the expected changes in 
patterns of activity of the affected 
muscles. Furthermore, an exchange of 
functionally similar nerves apparently 





























manner in which a muscle was utilised. 
In the course of several investigations 
on rats, I surgically rerouted either 
the phrenic nerve, or hypoglossal nerve, 
to a denervated ipsilateral sternomas- 
toid muscle. Several months thereafter 
the animals were lightly anesthetised 
and the function of the sternomastoid 
muscle was observed directly through 
an incision in the neck. After phrenic 
reinnervation the sternomastoid mus- 
cle contracted rhythmically in concert 
with the intact contralateral hemidia- 
phragm (an activity that could be en- 
hanced by temporarily occluding the 
air passages). Following hypoglossal re- 
innervation the sternomastoid twitched 
intermittently in conjunction with lick- 
ing motions of the tongue. The extent 
to which this transposition of func- 
tional activity from diaphragm to 
sternomastoid, or tongue to sternomas- 
toid is operative in the fully awake 
animal is uncertain. Nevertheless, the 
appropriate circuitry and functional 
capacity of the phrenic and hypoglossal 
motorpools apparently can be diverted 
through a cross-nerve anastomosis to a 
=.. mascle (the sternomastoid) that is not 
_.. primarily responsible for breathing or 
licking activities. 
The functional 








consequences +of 





s-reinnervation 


allows some retention of the original. 


self-reinnervation, 
reinnervation, have also been: answered 
in part by Guth and coworkers? who 
demonstrated in the rat that the re- 
current laryngeal nerve, some fibres of 
which normally transmit efferent 
bursts synchronous with those of the 
phrenic nerve, is often capable of re- 
storing rhythmic diaphragmatic activity 
subsequent to a recurrent laryngeal- 
phrenic nerve anastomosis 

Sperry’, in still earlier studies, em- 
phasised that a regenerated nerve tends 
to retain its original reflex activity. 

Thus, in spite of the disparity in 
muscle nerves (with respect to quality 
and quantity of efferents and afferents, 
and the differences in central circuitry) 
there is good reason to assume that 
many of the nerves used in cross-rein- 
nervation experiments continue to 
elicit a gross pattern of muscle activity 
quite similar to that of their original 
musculature, It is difficult, however, 
to envisage a precise replication of 
function in most cross-reinnervated 
muscles because of the extreme com- 
plexity and uniqueness of each nerve, 
each muscle, and the myriad factors 
interwoven in the nerve regeneration 
process. 


Yours faithfully, 
HERBERT YELLIN 


Laboratory of Neurochemistry, 

National Institute of Neurological 
Diseases and Stroke, 

United States Public Health Service, 

Department of Health, Education, and 
Welfare, 

National Institutes of Health, 

Bethesda, Maryland 20014 
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THE AUTHORS REPLY :— Dr Yellin’s ob- 
servations are certainly pertinent to the 
question posed by us, and are also in 
line with expectation following the 
pioneering work of Sperry’ to which Dr 
Yellin refers. The broader problem to 
which our query relates, however, is 
whether the altered patterns of motor 
nerve impulses which probably reach 
both fast-twitch and slow-twitch mam- 
malian skeletal muscles following cross- 
reinnervation are by themselves suffi- 
cient to bring about the mechanical and 
biochemical changes which are now 
Known to follow altered innervation. 
For this to be so at least four con- 
ditions must be met. 

First, it must be established that 
alterations in the number, and or, pat- 
tern of nerve impulses reaching a nor- 
mal muscle can alter that muscle’s 
meghanical arfd biochemical character- 


rather than cross- 





istics. i 
Second, it must be demonstrated that 
following cross-reinnervation, there is 
an altered pattern of motor activity in 
the reinnervated muscles. 

Third, it must be shown that the 
change in activity pattern following 
cross-reinnervation is quantitatively cor- 
rect to account for the observed mech- 
anical and biochemical changes. 

Fourth, it is also necessary to demon- 
strate that the observed changes in the 
mechanical and biochemical character- 
istics of cross-reinnervated muscle are 
the direct result of the number, and or, 
pattern of motor nerve impulses, and 
are not due to some concomitant 
metabolic change occurring in the 
motoneurone as a consequence of its 
altered activity. 

The first point is now established be- 
yond doubt by the original experiments 
of Salmons and Vrbova’, and the later 
work of Streter er alt and Al-Amood 
et al’. Dr Yellin’s observations add 
weight to the expectation that the 
electromyographic activity of both 
fast-twitch and slow-twitch muscle is 
altered by cross-reinnervation, but, as 
he implies in his letter, the satisfying 
of the third requirement must await 
the quantification of the appropriate 
electromyograms from conscious, un- 
restrained, cross-reinnervated animals. 

At the present stage of knowledge, 
consideration of the fourth requirement 
can only be speculative®® but it is clear 
that if the changes following the cross- 
reinnervation of mammalian fast-twitch 
and slow-twitch muscles are to prove 
entirely explicable in terms of the pat- 
tern of motor nerve impulses reaching 
the muscles, all four criteria listed 
above must be satisfied. Only then can 
the additional possibility of another 
neural (trophic) factor operating in this 
situation be firmly rejected. 


Yours faithfully, 


A. G. WEEDS 

MRC Laboratory of Molecular 
Biology, 

Hills Road, Cambridge 

D. R. TRENTHAM 
Molecular Enzymology Laboratory, 
Department of Biochemistry, 

C. J. C. KEAN 

A. J. BULLER 
Department of Physiology, 
University of Bristol, UK 
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Measurement and 
Classification of Psychiatric 
a Symptoms 


; OE K. WING, J. E. COOPER and N, SARTORIUS 





| This book lays down clear definitions of the experiences 


which constitute psychiatric symptoms and describes an 
§ interview technique which allows the symptoms to be 
_ reliably recorded. Once rated, the symptoms can be grouped 
to aid diagnosis. The importance of the book is that it 
shows how a substantial part of the variability in making 
psychiatric diagnoses, due to the large subjective element in 
defining, recognising and classifying symptoms, can be 
brought under control and hence more reliability can be 
brought into the diagnosis and treatment of psychiatric 


| disorders. 


£4.70 net 


t S State Examination 







1 indi x tte the cau. of: PRE diagnosis. The 
- booklet is reprinted from Measurement and Classification 


| of Psychiatric Symptoms (above) in which a full account 


F of its use is given. 
C £0.60 net 





1 The Integration of a Child 
| into a Social World 


: E Edited ‘by M. P. M. RICHARDS 
$ A collection of original essays on the development and 





i .. socialisation of children, each one written by an active 
| research worker about his own field. The interplay of 


| psychological and social factors is discussed against a back- 


f ground of developmental biology. 


$ This book will provide a sophisticated account of the early 

- process by which an infant becomes a competent member 

of his community, for students of sociology, human biology, 
social psychology and education. 

| Hard covers £5.00 net 

Paperback £1.95 net 


Leibniz in Paris, 1672 to 
1676: His Growth to 
Mathematical Maturity 


JOSEPH E. HOFMANN 


When Leibiz first arrived in Paris he was a well-educated 
sophisticated young diplomat who had yet to show any 
real sign of his latent mathematical abilities. Over his next 
four crowded, formative years, which Professor Hofmann 
analyses in detail, he grew to be one of the outstanding 
mathematicians of the age and to found the modern 
differential calculus. 

Many of the documents consulted and referred to in this 
book were unknown before the author worked through 
them at the Berlin academy, and they provide a fascinating 
insight into a decisive period of the history of mathematics. 


£850 net 


Cambridge 
University Press 





Introducing Root Loet s- 
PETER DRANSFIELD and DONALD F. F ABER 


A programmed learning text on the root locus technique | : 
an analytical tool of considerable value in the and 
analysis of dynamic engineering systems. H è 
parameters to be varied in order to ach 
performance. This text will instruct th 
nature of a system’s root locus, its. 
interpretation, and how to use it as a- 8 
The course is intended to run over six ar sev 
and the ancillary time related to them, 


Information Represen 
and Manipulation 
in a Computer 

E., S. PAGE and L. B. WILSON 


This book introduces the basic ideas of infor 
coding theory and then proceeds to dise B 
items of data are represented and manipulate 
It goes on to deal with the three main classes. 
structures -— arrays, lists and trees, and finally co 
important subjects of searching and sorting, Many 
and problems are included, including suggestions for y 
work; hints on solutions are provided. peer 
Paper covers £1.90 9 


An Introduction to Lo 
Design of Digital Circui 
C. M. REEVES 


An introductory course on the logical design of computers. 
This will form part of the curriculum of c 
computing science in order to provide all students.” 
common ground of intellectual apprecia 
principles of hardware design and operation, w ether $ 
ultimate speciality will be in computer design or in ibe 
applications of computing. | 





Fortran Techniques 
A. COLIN DAY 


A practical description of many of the commonly. used 
programming {techniques required in both numerical 
non-numerical applications of Fortran. It is 
non-specialist users who have already completed a 
in basic Fortran programming, but who may have oniy å 
minimum knowledge of mathematics. 


Hard covers £2.50 wet 
Paperback £1.10 net : 














Applied Animal Ethology 


An International Scientific Journal reporting on the Appli- 
cation of Ethology to Animals used by Man. 


Editor-in-Chief: ; ; 

A. E FRASER, Department of Veterinary Reproduction, 
Royal (Dick) School of Veterinarian Studies, University of 
Edinburgh, Edinburgh, Great Britain. 

Associate Editor: 

D. G. M. WOOD-GUSH, Poultry Research Centre, Agri- 
cultural Research Council, Edinburgh, Great-Britain. 


Editorial Advisory Board: 

G. Alexander (Blacktown), G. W. Arnold (Wembley), B. A. 
Baldwin (Cambridge), R. G. Beilharz (Parkville), G. C. Bran- 
tas (Beekbergen), J. F. Eisenberg (Washington), I. Ekesbo 
(Skara), Y. Espmark (Stockholm), R. Ewbank (Liverpool), 
M. W. Fox (St. Louis), J. B. Free (Harpenden), V. Geist 
(Vancouver), H. B. Graves (University Park), G. Greenberg 
(Wichita), E. S. E. Hafez (Detroit), B. L. Hart (Davis), M. 
Kiley (Brighton), R. Kilgour (Hamilton), J. K. Kovach 
(Topeka), P. Leyhausen (Wuppertal-Elberfeld), A. Littlejohn 
(Onderstepoort), F. Loew (Saskatoon), F. O. Odberg (Gent), 
G. C. Perry (Bristol), S. Ross (Washington), Y. Ruckebusch 
(Toulouse), H. H. Sambraus (Miinchen), M. W. Schein 
(Morgantown), J. P. Scott (Bowling Green), J. P. Signoret 
(Monnaie), H. Ursin (Bergen), G. van Putten (Zeist), K. Zeeb 
(Freiburg). 


The journal will deal with all animals domesticated in any 
fashion. Subjects will range from mammals (cattle, pigs, 
horses, sheep, goats, camels, dogs, cats, deer, fur-animals, 
etc.) through birds (poultry, cage birds, racing-pigeons) to 
insects (honey-bees). It will also be concerned with feral rela- 
tions of domesticated animals, animals living in zoos and 
safari parks and animals on the perimeter of domestication 
(red deer, wildebeest, eland, etc.). Experiments with labora- 
tory animals will only be included if the results obtained are of 
direct relevance to the understanding of domesticated animal 
behaviour. Papers dealing with behavioural physiology will 
be acceptable if the main emphasis of the work is on behaviour. 
Besides carefully designed ethological studies in depth, this 
new journal will accept carefully documented behavioural 
data ~ often gathered as a side result to agricultural or veter- 
inary studies. 


_ APPLIED ANIMAL ETHOLOGY will be of interest to 
— those working with domesticated animals (agricultural scien- 


| tists, veterinarians and zoologists), with animals in zoos and 


safari parks and with wild animals (ecologists, conserva- 
tionists, curators). 


APPLIED ANIMAL ETHOLOGY will be published quar- 
terly, four issues constituting one volume. The first issue will 
appear in the third quarter of 1974. 

The Subscription price is Dfi. 82.00 (about US$ 29.80) per 
volume, plus DA. 8.50 (US$ 3.10} postage. 

Authors are invited to submit suitable manuscripts to: 
Editorial Office Applied Animal Ethology, 

P.O. Box 330, Amsterdam, The Netherlands 


A detailed guide to authors is available. 


-Free specimen copies are made available orf request. 






3 My _ P.O. Box 211, Amsterdam, The Netherlands . 
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Livestock Production 
Science 


Official Journal of the European Association for Animal 
Production. 


Editor-in-Chief: 
H. de BOER, Research Institute for Animal Husbandry, 
“Schoonoord”, Zeist, The Netherlands. 


Editors: 

J. KIELANOWSKI (Warszawa) 

A. NEIMAN SØRENSEN (København) 
H. SKJERVOLD (As) 


Editorial Advisory Board: 

C. Béranger (Theix), R. Boccard (Theix), A. H. Carter 
(Hamilton), A. De Vuyst (Lovenjoel), C. R. Henderson 
(Ithaca), J. Hodges (Vancouver), A. Horn (Budapest), 
P, Jonsson (København), A. Kiener (Berne), Y. Nishikawa 
(Kyoto), V. A. Oyenuga (Ibadan), F. Pirchner (Freising/ 
Weihenstephan), D. Plasse (Maracay), R. D. Politiek (Wage- 
ningen), A. A. Rérat (Jouy-en-Josas), A. Schiirch (Zurich), 
G. R. W. Spedding (Hurley), F. Torres (Balcarce), 
R. W. Touchberry (St. Paul, Minn.), A. Vaz Portugal 
(Lisboa), K. O. von Selle (Roma). 


The intention of the European Association for Animal Pro- 
duction and the publishers is to provide a medium for the 
publication of original studies and comprehensive reviews in 
the field of livestock production, and for the exchange of 
current views, thereby contributing to the sound development 
of this branch of activity. The journal will deal with fun- 
damental aspects of farm animal production and the incor- 
poration of research results into objectives and systems of 
livestock production. It will cover cattle, pig, horse, sheep 
and goat production — their housing, feeding, nutrition, 
management, health, and aspects of breeding, as well as 
pollution control, and advisory activities. , 
Papers concerned with the quality of animal products and 
their processing or with the technical and economical aspects 
of the subject field will only be accepted if they bear relation 
to animals or animal production. 

Contributions from related disciplines of animal production 
should contain information of direct significance to livestock 
production. 


LIVESTOCK PRODUCTION SCIENCE will be. published 
in one volume per year in quarterly issues, the first of which 
appeared in February 1974. 


The Subscription price is Dfi. 77.00 (about US$ 28.00) per 
volume, plus Dfi. 8.00 (about US$ 2.90) postage. 


Authors are invited to submit suitable manuscripts to: 
Editorial Office Livestock Production Science, 
Driebergseweg 10D 

Zeist, The Netherlands 


Free specimen copies are made available on request. 
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natics of the Universe 





The Large Scale Structure of Space- 
Time. By S. W. Hawking and G. F. R. 
Ellis. Pp. xi+391. (Cambridge Uni- 
versity: London, May 1973.) £10; 
$28. 50. 





THERE has been a considerable upsurge 
of interest in general relativity theory 
over the past ten years or so. This is 
undoubtedly partly due to several re- 
markable discoveries in observational 
astronomy in recent years (quasars, 
pulsars, the microwave background, 
explosions in galactic centres, and so 
on) which indicate the presence of 
gravitational fields in nature so strong 
that Newtonian theory seems unlikely 
to be completely adequate. But equally 
important to Einstein's theory, and 
largely independent of such observa- 
tional considerations, have been a num- 
ber of mathematical developments in 
the theory. The work of Bondi, Sachs 
and others on the positivity of energy 
carried by gravitational waves was an 
important landmark. So was the de- 
velopment of techniques for finding 
exact solutions of Einstein's field 
equations, leading to the discovery by 
Kerr of a solution representing the 
field of a rotating isolated source. 
More recently, topological methods 
have been developed and have proved 
to be increasingly valuable for the 
treatment of problems where an exact 
analysis is not yet feasible. It has been 
possible, in particular, to conclude 
that the presence of singularities in 
solutions of Einstein’s equations is not 
just a feature of the high symmetry 
that had been normally assumed. It is 
now known, for example, that irrespec- 
tive of symmetry the collapse of a mas- 
sive star will, according to Einstein's 
theory (once a point of no return has 
been reached), result in a space-time 
singularity where it is to be expected 
that densities and curvatures will di- 
verge to infinity. A similar singularity 
occurs in the initial stage of the ex- 
pansion of the Universe—again irres- 
pective of symmetry. In the case of a 
collapse, the resulting black hole can 
be studied by a variety of techniques, 
with topological and analytical argu- 
ments each enhancing the value of the 
other. These results have been the 
work of several different theorists, the 
name of S. W. Hawking being pre- 
eminent among them. 

Until recently, no complete account 


of these later topological and related 
developments has been available, but 
the situation is now happily remedied 
with the publication of this book. It 
is an impressive rour de force. It starts 
with a detailed but rapid introduction to 
differential geometry; this is followed 
by a discussion of the physical basis 
of Einstein’s equations; then there is 
an elaborate discussion of conjugate 
points on geodesics; next, many of the 
most important exact solutions of Ein- 
stein’s field equations are studied in 
detail, including Kerr’s solution, the 
frequent use of space-time diagrams 
being a most welcome feature; causal 
properties of space-times are then dis- 
cussed and several useful theorems are 
proved; asymptotically simple space- 
times are analysed; then there is a de- 
tailed discussion of the Cauchy prob- 
lem; the singularity theorems are next 
described and proved in detail; the 
Schmidt b-boundary is introduced to 
give a precise definition of a singularity; 
then the black hole theorems are dis- 
cussed and proved; finally there is an 
analysis of the status (derived partly 
from observations of the microwave 
background) of the initial big bang 
singularity. Much of the later material 
is presented here for the first time; the 
book also is a remarkably complete 
survey of the relevant material. This 
book is clearly a ‘must’ for any ad- 
vanced student who wishes to follow up 
these modern developments in any de- 
tail. 

But he will have to work hard, The 
book is not, in my estimation, at all 
an easy one to study in detail. Much 
useful information can, no doubt, be 
obtained by browsing and the flavour 
of the arguments can be ascertained. 
But for a detailed appreciation of the 
techniques, there is a number of serious 
obstacles for the student. Some of these 
are intrinsic to the subject. The very 
breadth of knowledge involved, ranging 
from pure mathematics to observational 
astronomy, is in itself a serious hurdle. 
Most of the book is mathematical in 
nature. But it is relevant mathematics. 
Little concession is made to mathemati- 
cal elegance for its own sake and this 
can make for difficulties in reading. I 
had the feeling also that in many places 
the arguments could have been simpli- 
fied and ¢reatly clarified by a certain 
amount of reorganisation. But it is per- 


haps unfair to ask of the authors that 
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presentation to its best pos 















































gem of clarity for 
new. One knows only 
enormous extra labour“ 
volved when one attempts 


Nevertheless, I feel that 
points of criticism may reasonabiy of ž<— 
made. There are several small errors 
and ambiguities present which © 
make reading difficult. {I notice 
thing like sixty of these $ 
no serious errors. it s$ 
out that with the ass 
with forms that is quit 
made, a factor n! should o 
the definition of the int 
an n form: relation (3) on page 
wrong; proposition 4.5.12 seems nc 
be true as stated; some of t 
grams suffer from being ims 
drawn, such as in Fig. 34, | 
world-line” seems to be § 
Also, key definitions are © 
in the middle of paragraphs i 
come upon one unexpected 
example on page 195 a local ¢ 
neighbourhood is defined m - 
thesis). Perhaps this need not | 
drawback if done systematica’ 
the concept of “Cauchy devék 
is essentially defined three ti 
page 60, page 119 and page < 

I should have been happier 7 
physical significance of the T 
had been made more clear cut, € 
by the behaviour of clocks. as 
sised by Synge and Bondi. I fee 
a pity that the causality and chr 
symbols <, < are not used, sinc 
can greatly simplify the presentat 
some arguments. The tern 
‘closed trapped surface’ is use 
quently in the book, but I fou 
mention of a ‘trapped surface’, f 
version to this latter (original) termin- 
ology would seem a worthwhile simpl: os 
fication. Whereas indexed symbols are 
used to denote sets of comp ments Bes 
rather than actual tensors, there art 
places where the notation seems, rath a 
confusingly, to indicate the contrary. 
In the discussion of the Cauchy prob- _ 
lem in chapter 7 there are many very 
detailed formulae but little explanation 
of the ideas involved. I found this 
hard to follow. So also were a ù 
of other proofs. The black hole co 
depicted in Fig. 60, and in particular - 
the behaviour of the apparent horizons, 
is not supported in the text by any 
formal statements. The conjectural 
aspects of this picture should have been 
brought out. I feel that credits are 
























(for example there is no mention of 
Newman in connection with the 
charged Kerr solution, nor of Bondi 
in relation to the mass carried by 
gravitational waves). Finally, the ab- 
sence of any discussion of ‘mixmaster’ 
“> singularities or of any details of the 
=  Belinskii — Lifshitz ~ Khalatnikov work 
< seems to me to be a serious omission. 
1 would like to emphasise that these 
criticisms are basically minor ones in 
view of the formidable and impressive 
task undertaken by the authors. They 
have succeeded admirably and their 
= work is undoubtedly a landmark in the 
-presentation of modern gravitational 
theory. 
The question of where the universe 
‘comes from and where it is going can- 
not fail to be of interest to everyone. 
There is rather little in science which 
directly bears on this question, but 
if anything seems to, it is surely the 
subject matter so powerfully presented 
in this book. 














ROGER PENROSE 


| Food manufacture 


Biology and the Food Industry. By 
H. R. Barnell. Pp. 59. (The Institute of 
Biology’s Studies in Biology, No. 45.) 
(Arnold: London, February 1974.) 
£1.50 boards; 75p paper. 


THE story is told of an Oxford under- 
graduate who obtained consistently 
good grades for his essays by copying 

from the Encyclopedia Britannica 
which his tutor had never read. To help 
“students at school, college and univer- 
sity ... to keep abreast of recent trends 
and know where the most significant 
developments are taking place”, the 
Institute of Biology sponsors the pre- 
paration of a series of booklets on 
Selected aspects of biology to supple- 
= ment the more substantial but inevit- 
< ably finite treatment of biology which a 
textbook could be expected to provide. 
The late Dr Rex Barnell has written 
such a booklet about the food industry. 
In it he has systematically described 
such salient features of manufacturing 
processes and methods of food preser- 
vation as could be expected within the 
constraint of 59 pages, bearing in mind 
that he had also to touch on food com- 
position, nutrition and the future. He 
has performed his task well and both 
pupils and their teachers will be grate- 
ful whether or not there may be some 
>> readers who feel a sneaking sympathy 
=> for the Oxford tutor. 

Here will be found the distinction 
between drying and dehydration, a defi- 
nition of a convenience food, descrip- 
tion of pasteurisation, canning, chilling, 
freezing, irradiation and four lines 









‘sometimes given rather ‘Hopihacanvaly-wndut’ tenting: Ten “pa 


milling, baking and margarine making. 
Vegetable meats, leaf protein and micro 
organisms grown on hydrocarbons get 
seven pages. It is all very neatly done. 


The section devoted to nutrition and. 


food quality sensibly draws attention to 
the contribution manufacturers make to 
an adequate diet by making their com- 
modities readily available. In the breath- 
less pace, however, figures for energy 
value seem to have slipped out of the 
table of “recommended intakes”. The 
book ends on a high note with the pro- 
mise that “it is by no means impossible 
that if groups of biological, physical 
and chemical research workers concen- 
trate on the problems . . . virtually 
unlimited supplies of food . .. may be 
truly synthesised . . . from constituents 
of the earths atmosphere and crust”. 
Well, perhaps they may. 
MAGNUS PYKE 


Reactions at electrodes 


The Chemistry of Electrode Processes. 
By Ilana Fried. Pp. x +225. (Academic: 
London and New York, January, 1974.) 
£4.90; $13.75. 


RECENTLY, a number of books have 
appeared based on the study of elec- 
trode reactions or electrodics. According 
to the author, this monograph is de- 
signed as “an introduction to electro- 
dics” for “the advanced student or the 
qualified chemist” who possesses “no 
familiarity with electrochemistry”. The 
author has succeeded in achieving her 
goal and has produced a concise and 
very readable book. Every section is 
prefaced by a clear statement of the 
question to be answered and derivations 
have been kept simple by mixing 
rigorous treatments with comparisons 
and analogies. The SI unit system and 
IUPAC conventions have been adhered 
to throughout. Furthermore, the book 
contains a balance between theory, 
experimental details and areas of appli- 
cation. | 

The book is divided into six chapters; 
the first two are brief and introduce the 
area of interest, the fundamental con- 
cepts and definitions. The third chapter 
deals with the kinetics of electrode 
reactions by developing the relation- 
ships between current, potential and 
time for both reversible and irreversible 
electron transfer processes. Moreover, 
irreversible processes caused by slow 
chemical reactions preceding charge 
transfer and reactant adsorption are 
also considered. Finally, the influence of 
cell impedance on the current-potential 
behaviour is discussed. The fourth 
chapter which completes the theoretical 
part of the monograph i is dev8ted to the 
electrode—solution’ interphase. Various 
models of the double layer are evalu- 


section discusses how deod rea 






the best fit tot e exper 









are influenced by the clectrode-solution 


interphase. 
The fifth chapter introduces the 
methodology of electrode reactions. 


Included in this section are descriptions 
of cells, electrodes and apparatus; equi- 
librium measurements of capacitance 
and impedance; voltammetric methods; 
and potential, current and charge step 
techniques together with their limits of 
applicability. The chapter concludes by 
mentioning the techniques of reflection 
spectroscopy and transmission spectro- 
scopy at optically transparent electrodes. 
One drawback to this chapter, in par- 
ticular, is the lack of references to the 
literature. In fact, the bibliography con- 
tains only a selection of books that the 
author “found useful’ and omits all 
references to recent reviews and original 
contributions. 

The final chapter offers little more 
than an indication of the number of 
areas where electrode reactions are in- 
volved, for example, corrosion, electro- 
plating, and fuel cells. This broad 
survey was too ambitious and the 
author would have been more successful 
in illustrating the applications of elec- 
trodics by examining, in detail, a 
limited number of solutions to prob- 
lems related to the areas mentioned. 
Such an approach would have supple- 
mented the material of chapter 5 and, 
by involving the reader in the problem- 
solving process, would have further 
familiarised him with the study of 
electrode processes. 

C. M. ELSON 


Cultured plants 


Plant Tissue and Cell Culture. Edited 
by H. E. Street. Pp. viii+503. (Botan- 
ical Monographs, Vol. 11). (Blackwell 
Scientific: Oxford and London, 1973.) 
£12.50. 


ALTHOUGH plant tissues were first cul- 
tured in vitro 35 years ago, the realisa- 
tion of their potential has always 
seemed to remain tantalisingly in the 
future. The technical problems of in- 
itiating and maintaining cultures of all 
but a few particularly favourable plants 
have until quite recently seemed in- 
superable obstacles to achieving the 
ready answers to physiological questions 
that the tissue and cell culture approach 
seems to offer. This excellent book 
should completely dispel that notion. 
Professor Street has a knowledge and 
experience of the culture of plant- tis- 
sues, and particularly plant cells, that 
is second to none, and with his cust- 








omary: energy and enthusiasm - has pro- 
duced a superb account of the techni- 
- calities and potentialities of treating 
plants as microorganisms. ‘He has been 
ably assisted in this by first-class con- 
tributions from a group of experts in 
specific aspects of the topic, although 
the editor’s organising and integrating 
influence can be discerned ehroughont 
the book. 

Approximately half of the book is 
devoted to a careful and comprehensive 
description of the many different tech- 
niques available for the culture of plant 
tissues. and cells, beginning with an 
extremely useful account of the basic 
essentials of a tissue culture laboratory 
written by the editor himself. Street 
also provides a chapter on the appar- 
atus and methods necessary for the 
successful cultivation of plant. cells as 
suspension cultures. This includes full 
descriptions of batch culture chambers 
and of automatic chemostat and turbi- 
dostat devices. The technicalities of 
initiating and maintaining callus cult- 
ures are admirably covered by M. M. 
Yeoman, from Edinburgh, whilst E. 
C. Cocking and P. K. Evans of Not- 
tingham discuss the isolation, culture 
and potential of plant protoplasts. The 
exciting topic of the production of hap- 
loid cell lines, with their obvious impli- 
cations for plant genetics, receives a 
scholarly review by N. Sunderland, 
from the John Innes Institute, in a 
chapter dealing with pollen and anther 
culture. The general cytology of cul- 
tured cells is described in a long, 
informative chapter jointly written by 
Yeoman and Street, and Sunderland 
‘separately discusses the vexing question 
of the karyological instability of plant 
‘cultures. | 

The growth pattern of callus cultures 
and cell suspension cultures is treated 
in depth in separate chapters by Yeo- 
man and P. A. Aitchison, and by P. J. 
King and Street. The discussion on cell 
suspension cultures is particularly valu- 
able since it not only provides informa- 
tion on the growth and physiology of 
isolated plant cells, but also shows in 
great detail how highly synchronous 
populations of cells may be established. 
Such cultures can exhibit a remarkable 
synchrony of cell division for up to 
eight generations and, with a cell cycle 
of around three days long, their pot- 
ential for the intensive investigation of 
the control mechanisms of the cell 
cycle must surely be greater even than 
that of the yeasts and unicellular algae. 
The book is rounded off by discussions 
of organogenesis and embryogenesis 
(J. Reinert, Berlin), the culture of plant 
tumour cells with special reference to 
crown gall (J. N. Butcher, Cambridge), 
and the growth of plant parasites in 
culture (D. S. Ingram, Cambridge). 

Plant tissue culture is no longer an 
end in itself; it has progressed to a point 
at which it can be considered to be a 
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highly sophisticated technique capable 
of providing answers to problems 
throughout the whole of plant bio- 
chemistry, physiology, development, 
genetics and pathology. This beautifully 
produced book will be invaluable to 
the rapidly growing number of plant 
scientists who wish to use plant tissue 
or cell culture, but who do not wish to 
devote their time to becoming experts. 
Harry SMITH 


Big game ecology 


Wildlife Ecology. By A. N. Moen. Pp. 
xvi+458. (Freeman: San Francisco; 
1973.) $17.50. 


SYSTEMS analysis and predictive model 
building in ecology are at an interest- 
ing stage in their development. More 
and more autecological studies pour 
out increasing quantities of details for 
synecologists to work on. This book 
is a synecological study of north 
American big game. It is unique in that 
it attempts to describe the physical and 
biotic interactions of game with their 
environment and to assess the impor- 
tance of these interactions in terms of 
overall productivity. Their influence on 
game and range management are 
clearly stated. The title of the book is 
misleading, for only a small amount 
of space is devoted to wild fowl, galli- 
naceous birds and other wild life. Most 
of the data and examples are taken 
from studies on elk (wapiti), mule and 
white tailed deer and caribou. 

The chief value of this book is that 
it brings between two covers a multi- 
tude of details regarding methods of 
measuring environmental parameters. 
Working ecologists and game managers 
need to know these details, but cannot 
afford much time ferreting them out. 
They will find this aspect of the book 
most appealing. Particularly useful in 
this respect are the two chapters which 
deal with the effects of climatic con- 
ditions on physical characteristics of 
the environment and on large ungu- 
lates. The functional relationships 
between weather and organisms are 
minutely analysed from the viewpoint 
of transference of thermal energy. The 
distribution of thermal energy is the 
commonest bond in these relationships 
and from this is drawn a conceptual 
picture of the complex nature of heat 
exchange involving all the basic modes 
of heat transfer. Anyone actively in- 
volved in game management, as well as 
theoretical modellers, will find this sec- 
tion of the book of immense value. | 

Physiological and behavioural ipter- 
actions between game and environment 
aye covered in the first half of the book 
in thorough, but not,long winded, de- 
tail. The second half deals with the 
analysis of interactions* involving both 




























































these biotic interactions and the ony 
cal ones. Emphasis is kid 
essential statistic for range T 
the carrying capacity of the 
Effective calculation of this | 
only by com 
integration. of 7 
the system bei 
suggests a use 
such models sho 

This book has, t 
outstanding merits. ~ 
paints a detailed pictur 
of northern big game, in t 
Canaletto rather than that © 
pressionists. This alone shoul 
mend it to the attention of p 
applied ecologists alike. The se 
that the book inspires the. re 
think big: in terms of syste 
than species. For the devel 
ecology this seems like a good 
and for successful environr 
manipulation an essential thing. 

Good game management, 
ecosystem management, demar 
decisions be taken on ecologic: 
The benefit of step by step mo 
ing means that decisions tak 
before implementation, 2 
computer simulation. ` : 
similarity between compute 
tion and observed dynany 
pends on the realism of t e bio 
models involved in the compu 
No one must forget that this- 
fundamental core of ecology 
always has and always will de 
the skills of the individual f 
gist. As far as north Ame 
game are concerned, this book. 
us one step nearer rational mi 
ment. 








D. MICHAEL Sropp 


Rho-sigma relations 





The Hammett Equation. By ©. D] 
son. Pp. viii+196. (Cambridge — 
versity: London, October 1973). £ 
$13.50. 


TO L. P. Hammett is owed th 
nition that polar effects of 
substituent groups on taie 2 
brium constants of side-che 
are quantitatively regular. z 
clusion is formally expressed 
po relation, to which the volume 1 
review is devoted. 
The author provides an € 
yet fairly detailed account of- 
Hammett’s treatment in org: 
It is intended for senor 
or first-year graduate sta 
midable aim since, even 
cases, general statements hi 
tempered by ifs and but 
describes the various deve 
the original po treatment and 
guide to the brood of moi 





-stituent constants (for example o*, o~, 


~ B®, 6°, Op Op Op. O", o) which, on 


the one hand, extend its practical use- 
fulness and, on the other hand, rob it of 
its beguiling simplicity and blur its 
theoretical significance. 

It can be argued that the two chief 


motive forces for the development of 
-science are the establishment of unifying 


principles (which provide the land- 
marks in the history of science) and the 
destruction of these same unifying prin- 
ciples by the experimental falsification 
of their predictions. Although Dr 
Johnson would hardly present the issue 
in those terms, the Hammett equation 
provides an interesting illustration of the 
interplay of these forces in the current 
development of chemistry. 
f V. GOLD 


Quantum mechanics 


Principles of Quantum Mechanics: The 
Non-Relativistic Theory with some 
Illustrative Applications. By W. V. 
Houston and G. C. Phillips. Pp. xi + 376. 
(North-Holland: Amsterdam, 1973.) 
Df1.110; $44. 


Tais book covers the standard under- 
graduate course in quantum mechanics. 
In the introduction it is suggested that 
students should already have met some 
of the physical ideas but in fact the 
book is self contained and would be a 
suitable textbook for a full year’s course 
for students who have no previous 
knowledge of the subject. In a field 
which is already reasonably well popu- 
lated with good textbooks this volume 
will not be out of place. It cannot, how- 
ever, claim to have any significant new 
. features. 

It is hard to see how the chapter on 
classical mechanics fits into the general 
scheme of the book. Although it is 
sometimes claimed that Poisson brackets 
and the Hamilton-Jacobi equation are 
an aid to an understanding of quantum 
mechanics these topics do not appear to 
be used at all in the presentation of 
quantum mechanics given in this book 
so their presence in chapter 2 is an un- 
necessary hurdle for the student. 
Another slightly unsatisfactory feature 
is that a reader might be left with the 
impression that there are two rival 
‘quantum theories’ which happen to give 
similar results, namely wave mechanics 
and formal quantum theory. Of course 
it is clearly stated that these are equiva- 
lent but the method of presentation, 
even involving two separate sets of 
axioms, is not conducive to making 
this obvious. The notation used in 
chapter 8 does not always help. 

Several sections of the book, for ex- 
ample the chapter on scattering theory, 
do not make easy reading but this is 





partially due to the fact that more care 
is taken in presentation than in some 
similar books. 

The many interesting examples in the 
book will be found useful, as will the 
brief mathematical appendix. 

E. J. Squires 


Condensed matter 


The Structure and Properties of Solids: 
The Crystal Structures of Solids. By 
P. J. Brown and J. B. Forsyth. Pp. 172. 
(Arnold: London, July 1973.) Boards 
£4.40; paper £2.20. 


THIS book aims to give an under- 
standing, at undergraduate level, of the 
important elements in the study of the 
crystal structure of solids. There are 
chapters on crystallographic geometry 
and symmetry, the production and 
properties of X rays, neutrons and elect- 
rons, and the theory of diffraction, in- 
cluding the scattering of the different 
radiations. The experimental study of 
diffraction is described, and is followed 
by three chapters describing, and to 
some extent rationalising, the structures 
of the elements, ionic compounds and 
binary alloys. 

To attempt to describe all this body 
of work inside 172 pages is itself a 
major achievement, and the authors 
certainly have given the reader a large 
amount of information at a relatively 
low price. The book also contains much 
useful practical information not usually 
found in physics textbooks. For ex- 


ample, the use of the ASTM index for 


identifying powder patterns is described 
in detail, and the ‘cross-multiplication’ 
rule for calculating the zone indices of 
the intersection of two planes is given. 
Both of these aids are used frequently 
by crystallographers in practice, and it 
is good to see them (and many more) 
in a book of this kind. 

It is perhaps not surprising that the 
authors have had some difficulty in 
coping adequately with the wide range 
of subjects in such a slim volume. For 
the bock is really a distillation of three 
types of book: one on crystal symmetry, 
like Phillips’ Introduction to Crystallo- 
graphy; one on diffraction theory and 
techniques; and one like Evans’ Crystal 
Chemistry. Though it would be nice to 
think that an undergraduate could 
master all this information quickly 
because it is presented in a concise way, 
I must say I am sceptical. Much of the 
writing is almost in note form, and the 
level of explanation is often such that 
I can only understand the point made, 
bécause I, like the authors, have studied 
the subject before in a more leisurely 
fashion. 

The list of topics to lave out” is 
clearly the key decision in a book of 
this length, ané although no two authors 


surely inadequate. 


would agree on the list, the choice seems 
to have been exercised somewhat un- 
evenly. Rather complex examples of 
non-crystallographic point groups and 
the idea of magnetic symmetry are in- 
troduced in chapter 1, and the complete 
derivation of the formula for the inte- 
grated diffracted intensity is in chapter 
3. But space has not been found in 
chapter 5 for a description of how 
crystal structures are experimentally 
determined; after the formal theory. 
the reader could usefully be rewarded 
with at least a simple example of a 
structure determination. 

Apart from this inexplicable omis- 
sion, the book is a very good summary 
of the various aspects of the study of 
crystal structures. As such it will be 
useful for research workers who wish to 
survey the field quickly. It could also 
be usefully used as an undergraduate 
text; however, thought should be given 
to the speed at which the topics can 
be mastered, as there is as much 
material here as in most books of three 
times the length. 

J. A. VENABLES 


Dirty air 


Fundamentals of Air Pollution. By A. 
Stern, H. C. Wohlers, R. X. Boubel and 
W. P. Lowry. Pp. xiv+492. (Academic: 
New York and London, September 
1973.) $14.50. 


Tais book represents a welcome 
addition to the literature on air pollu- 
tion and will serve primarily as an 
introductory book to the field. It is 
divided into four parts respectively on 
the elements, effects, meteorology and 
control of air pollution. The authors 
intended to introduce the topic in part 
1, which together with part 2 defines the 
problem, and to resolve it in parts 3 
and 4. These objectives are not com- 
pletely met and the book gives the 
impression of being four short books 
condensed into one. It is difficult for 
instance to understand why the sections 
dealing with sampling and analysis 
(chapters 14 and 15) have been included 
under “The Effects of Air Pollution” 
while the section dealing with isokinetic 
sampling techniques occurs in part 4. 
Much of the analytical work is pre- 
sented very poorly with undue emphasis 
on classical procedures. In contrast the 
meteorology section is well presented 
and informative. The section which 
must receive the greatest criticism is 
that on the control of air pollution. 
Here the authors go back to consider 
sources of air pollution and sampling 
techniques, devoting only twenty pages 
to the engineering control of emissions 
from both vehicles and industrial pro- 
cesses. This, in a book of 450 pages, is 
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F : Following the interest ‘aroused by the Editorial 
| in the April 26th issue we are pleased to 
{| provide further information on: 


| Acolour film about one of the scientific dramas of the 
<} century: the race which ended in the discovery of the 
|. double helix as a workable structure for DNA. The 
| film describes, in their own words, the interplay of the 
work of James Watson and Francis Crick at Cam- 
| bridge and Maurice Wilkins at King’s College London, 
ae and Linus Pauling at Caltech. 
|. The four men prove to be engaging raconteurs as they 
take us through the events leading up to final success 
in 1953. With the edge of controversy now dulled we 
are offered through the scientists’ laconic description, 
a fresh and entertaining study of the fascinating 
is r ved. at Lae levels in this remarkable 






















a agit ble tenn to diffuse X- -ray patterns are put in 
= istorical perspective. Scientific arguments are 
apes developed as needed for the narrative—as in Watson's 
“| -book, The Double Helix, the scientists do not talk 
be down to their audience. However, the film can profit- 
“| ably be shown to any level of student audience if it is 
| preceded by discussion of the relevant fundamental 
ochemistry. (Wiley’s prize-winning teaching film, 
VA Blueprint of Life, might be ideal.) The DNA 








1er it is a valuable illustration to supplement a 
biochemistry, biology or general science course and 
an excellent and enjoyable introduction to the 
exciting and usually remote world of scientific 
research. For the better informed the film should 
prove to be a most important historical document. 

May 1974 Running Time: 45 minutes £175.00 


A VSM production distributed by John Wiley & Sons 





CORNELL SEMINARS IN NEPHROLOGY 

Edited by E. Lovell Becker, Cornell University, 
Medical College. 

Concise, expert discussions investigate the sources 
and manifestations of renal disease and nephrological 
disorders. (Perspectives in Nephrology and Hyper- 
tension.) 
April 1974 
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GENE EX PRES SION Volume 1. Bacterial 
Genomes 

By Benjamin Lewin, editor Cell : 
This volume discusses bacterial gene systems, The a 
first part describes the breaking of genetic cose, the 
mechanisms of protein synthesis, and the char i 
teristics of the components of the protein sy 
apparatus. The second section deals wit 

of gene expression, discussing the me 
RNA synthesis, the control of transcr 
translation of the lactose, operon of E. 
different forms which control systems may t 
other bacterial operons and in bacterionh: 
final section discussed the systems responsi 
reproduction of DNA, including the m 
process itself, the systems which modify, re 
repair and recombine DNA, and the nature of th 
cycle. 
June 1974 
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Medicine, and George S. Burland: "Harvard Med 
School and Beth Israel Hospital, Boston: 
Assembles the available knowledge on Hem Og 
flow in the microcirculation with emonaesse 

methods for quantitation of flow in a val 
circumstances. Illustrative numenga. exam 






computer programs Marthe sae off i v 
review of the clinical significance of altered visi 








March 1974 254 pages | 
FEMALE REPRODUCTIVE SYSTEM: Dyn Lo 
of Scan and Transmission Electron Microscopy 
By Alex Ferenczy, M.D., College of f Phy: icians and | 





surgeons, Columbia University, and ee ee 
Richart, M.D., College of Physicians an Surgeons, sae 
Columbia University, Presbyterian Hospital. Ner 
York City, and International Institute for the Study of 
Human Reproduction. 

Gathers the best electron microphotographs of ihe 
female genital tract available and arranges them by ooo. 
organ system; vulva vagina, cervix, en wietnam, EES 
myometrium fallopian tube, ovary and placena |. 
Textual discussion accompanies photographs, Paso 
slides will be available separately. Ss a 
May 1974 414 pages £15.25 | 
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P. G. de Gennes 


The study of liquid crystals is complicated because it 
involves several different scientific disciplines, 
specialized tools such as nuclear magnetic resonance, 
and also a certain sense of vision in three-dimensional 
space in order to visualize complex molecular 
arrangements. Professor de Gennes’ treatment of his 
subject will be interesting and useful to every research 
worker iff the field, and to graduate students in 
chemical physics, solid-state physics, mechanics, and 
engineering. The book contains chapters on 
Anisotropic Fluids, Long- and Short-Range Order in 
Nematics, Static Distortion in a Nematic Single 
Crystal, Defects and Textures in Nematics, Dynamical 
Properties of Nematics, Cholesterics, and Smectics. 
£11-50 International Series of Monographs on Physics 
13 June 


This book is intended principally for advanced 
undergraduate or beginning post-graduate 
mathematicians and for scientists aiming to get 
answers to practical problems. An introduction to 
asymptotic expansions is followed by chapters on the 
main techniques for obtaining analytical 
approximations to integrals, the class of integrals 
which arise from Fourier and Laplace transform 
solutions of differential equations, with a brief 
introduction to the important subject of singular 
perturbation theory. £3-50 


Harriot was the first Englishman to make a telescope, 
and his moon maps are the earliest known telescopic 
observations of the moon. His sun-spot observations 
are also the earliest that survive. In addition to 
producing highly sophisticated work on the theory of 
mathematical navigation, he was also a practical 
scientist and represented Sir Walter Raleigh in the first 
British colony in the New World. Recent discoveries 
of many of Harriot’s actual observations and 
calculations make this new estimate of his contribution 
to science especially timely. Illustrated £6°50 73 June 
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This special Nature Supplement has been 
reprinted as a separate publication. First 
published in the issue of 26th April 1974, 
‘Molecular Biology Comes of Age’ looks 
back on the circumstances surrounding 
the original appearance in Nature of 
Watson and Crick’s revolutionary paper 
on the double helix structure of DNA in 
1953. It discusses the development in 
Molecular Biology up to the present day 
as well as prospects for the future. Among 


the distinguished contributors are Crick, 
Pauling and Chargaff. 

‘Molecular Biology Comes of Age’ takes 
a fascinating and critical look at a very 
controversial area of study and will there- 
fore be of special interest to teachers and 


students as invaluable 


UECHE IA 


background 


Reprints of ‘Molecular Biology Comes of 
Age’ are now available in multiples of 
airmail (10 copies £2.20 or £4.00 andgpro 


five copies at £1.10 surface mail, or 


the order form below and returning it with 
the appropriate fee. i 


rata). Please order copies by comple 


i J Circulation Department, Macmillan Journals Limited, Brunel Road, 
Basingstoke, Hampshire RG21 2x5. 


Please send me. Copies of ‘Molecular Biology Comes of 
i Age’, by surface mail/airmail {delete whichever is not applicable}. 


i | enclose Goo. 


3 {Payment may be made in any currency at the current exchange rate. Orders 
must be accompanied by remittance. Cheques should be made payable to 
3 Macmillan Journals Limited.) 
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advertisements will only 
ndition that the advertiser 
ertisements do not in any 
the provisions of the Trade 
68 and the Race Relations Act 
isher also reserves the right to 
withdraw or otherwise deal with 
submitted to him at his absoluce 
hout explanation. All advertise- 
termply with the British Code of 
actice, 
Me ishers will not be Hable for any loss 
op oeccasioned by the failure of any advertisement to 
Capper from any cause whatever, nor do they 
“etcept liability for printers’ errors, although 
every Care is taken to avoid mistakes, i 
Semi-displayed £3.60 per 10 mm. Minimum £7.20, 
each additional 2 mm 72p. Full page £230.00. Haif 
page across £135.06. 30p is charged for the re- 
direction of replies co advertisements with a box 
Po ober, ; 
ADVERTISEMENTS SHOULD BE ADDRESSED 
TO: TG. Seate and Son, Limited, | Clement's inn, 
London, WOA ZED. Telephone: 01-242 6264. 
Telegrams: Textualist, London, WCR. 





“APPOINTMENTS VACANT 





DALHOUSIE UNIVERSITY 
Nova Scotia, Canada: 
DEPARTMENT OF ANATOMY 
TWO ASSOCIATE OR ASSISTANT 

PROFESSORS 


Applications are invited from persons with a 
PhD. or a professional qualification for the above 
positions. Duties may include the teaching of 
- Anatomy to Medical, Dental or | Paramedical 
students. An ability to teach gross anatomy and a 
research interesi in the nervous system would be 
an advantage, Salary (minimum $15,000) and rank 
commensurate with experience. Applications tagether 
with curriculum: vitae and the names of two referees 
should be addressed to Dr. D. G. Gwyn, Depart- 
ment of Anatomy, Dalhousie University, Halifax, 
Nova Scotia, Canada by June 20, 1974.. £1881) 
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_. BAMFIELD MARINE STATION 
POSITION OF DIRECTOR 


he Management Council of the Western Carn- 
E - Universities Marine Biclogical Society 
<{WCUMBS) invites applications for the post of 
‘Director of its Marine Laboratory at Bamfield on 
the west coast of Vancouver Island, British Colur 
‘bia, Canada, The position will be full-time but the 
incumbent will probably be associated in an 
honorary or part-time capacity with one of the 






- nember Universities. of WCUMBS (Alberta, British 


Columbia, Calgary, Simon Fraser of Victoria}. 
Salary will be negotiable. 

Applicants should supply a brief biography im- 
chiding degrees, attainments and experience, a Hst 
of publications, the names of 3 referees and a 
Statement of research interests. Views on the func- 
tons, of a. new marine laboratory serving a group 
of. universities would be helpful to the Selection 





* 


Committee, 


Applications close on August 31, 1974 and should 
be sent to Dr. D. M. Ross, President, WCUMBS, 
c/o Faculty of Science, University of Alberta, 
Edmonton, Alberta, T6G 2E9, Canada, who will 
supply further particulars about the position, the 
Station and the Society upon request. = GID 





GEOPHYSICAL INSTITUTE 
UNIVERSITY OF ALASKA — 
PROFESSOR OF SEISMOLOGY 


Applications are invited from highly qualified 
and experienced persons for the senior post in 
seismology. The professor will have overall res- 
ponsibility for the planning and operation of the 
fnstitute’s seismic research in Alaska and for 
conduct of the graduate program in this field, An 
appointinent at the associate professor level may also 
be considered. i 

The Geophysical Institute has three major areas 
of basic and applied research—solar-terrestrial 
science, meteorology and glaciology, and the solid- 
carth sciences. Solid-earth research currently in- 
cludes seismology, gravity, voleanology, paleomag- 
netam, geochronology and geochemistry: Much of 
the effort is focussed upon plate interactions re- 
lating to Alaska and the Arctic. l 















Agricultural Developrr 
Advisory Service 


OFFICERS — 


The Agriculture Arm of ADAS provides farmers and grower 
technical information and advice on agricultural and hort 

matters, and carries out investigational, developmentand p t 
work. For most appointments an important part of the work is che 
monitoring of current trends in order to provide accurate informas 4 
tion. Vacancies exist, in various parts of England and Wales, in thew: 
following fields: 


Agriculture 


The main aim in this field is to increase agricultural productivity. 
achieve this officers advise farmers, promote new technology i 
carry out studies leading to improved farm practice. They also: 
articles for the local press and organise Farm Demonstrations, 
ferences and Farmer Group Meetings. Opportunities exist 
appointment at experimental husbandry farms. Ref: $/8642/9 


Agricultural Engineering 


Successful candidates will provide advice on all mechanisation prot 
lems and encourage adoption of improved methods leading to grea 
productivity. They will, as part of a team, carry out investigations | 
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mechanisation techniques on farms and at Ministry Experimental 
Centres. Ref: $/8646/3 


Horticulture 


HAOs advise producers of horticultural crops covering fruit, vege 
tables, glasshouse crops and hardy ornamentals, bulb and bulb f| 
crops. They take a special interest in the types of horticultur | 
their area and in related experimental and development work con 
ducted at Ministry horticulture experimental stations. There are 
opportunities of appointment to these experimental stations. Ref: 
$/8644/3 


Dairy Husbandry 


The work involves technical supervision of the production and hand- 


























ling of milk on farms under the Milk and Dairies Regula Pe 
addition, advice is given to milk producers on the wider aspects of 
dairy husbandry. Officers will also assist with surveys and investiga- 
tions. Ref: $/8643/3 


Livestock Husbandry 


Officers will specialize to a degree in either Dairy Cattle, Beef Cattle, 
Sheep or Pig production. They advise farmers and other livest 
producers on livestock husbandry, and encourage the adop: 
new and improved technology. Also involved is the production of 
publications for farmers and advisers, and the training of staff. Ref: 
§ 8645/3 


Poultry Husbandry 


Officers will advise and encourage those in the poultry industry t 
adopt methods and systems leading to increased productivity. 
Advisory visits to farms, preparing technical leaflets and local press- 
articles and group discussion meetings. Ref: $/8647/3 e 
Candidates (aged at least 20) should normally have a degree, or 
equivalent, in a relevant subject. For certain posts an honours degres 
and some years’ experience is required. Ability to drive a car is 
necessary for most posts. a 
Salary range £1519-£3895. Starting salary according to qualifications 

and experience; maximum £3185. Promotion prospects. Mon- 
contributory pension scheme. | 
For further details and an application form (to be retur 
28 June, 1974) write to Civil Service Commission, Alento! 
Basingstoke, Hants RG2! IB, telephone Basingstoke 29222 ext. 50 
or London 01-839 1992 (24 hour answering service), quoting appro- 
priate reference. r 
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Graduates 


BP Proteins Limited 


The Animal Feed Branch of BP Proteins Limited requires two 
graduates in animal nutrition or a related subject. 


The Branch, which is part of the Nutrition function of the 
Company, is responsible for experimental programmes with the 
animal feed industry, at research establishments and universities 
in the United Kingdom and in various other European countries. 
The Branch also contributes nutritional expertise and services to 
the Marketing Division as required. 


Initially one of those appointed will specialise in the area of 
poultry nutrition and the other will be concerned with other 
species, particularly pigs. The principal duties will be to monitor 
existing projects, collate data from many sources and contribute 
towards the development of the research programme. A certain 
amount of travel in the U.K. and Europe will be involved. 


Candidates must have up to 5 years’ experience in an academic 
environment or in a research or technical department of an 
animal feed company. Knowledge of one of the major European 
languages will be an advantage. 


We offer a competitive salary, and other fringe benefits include 
non-contributory pension scheme, subsidised restaurant and first 
class social/sports facilities. 


8 Please write, giving brief details of age, qualifications and 
experience, quoting reference UBITI, to: The Manager, Central 
Recruitment, The British Petroleum Company Limited, Britannic 
House, Moor Lane, London, EC2Y 9BU. (2297) 





GOVERNMENT OF FIJI 


HYDROLOGIST 


Required to control the hydrological organisation of the Public Works 
Department. 


Salary in the range £2,280 to £3,340 p.a. which includes an allowance, 
normally tax free of £696 to £996 p.a. Generous terminal gratuity. 


For a married man with two children paying tax at the standard rat 
a Se TON Ta E including gratuity, approximate to 
| gross (Le. FOR AX) U.K. return of £3,500 to £4,950 a r 

single man about £3,300 to £4,750 p.a. z RAAE A 


Appointment will be on agreement for 30/36 months initially. 
Candidates must have a wide experience ranging over 10 years in general 
hydrological works, with particular emphasis on the collection and 
evaluation of rainfall and run-off data, and the location and establishment 
of hydrological stations. | 


Other benefits include free passages, liberal leave on full salary, generous 
education allowances and Government quarters at moderate rental. An 
appointment grant £200, car advance £600 and packing expenses £60 may 
be payable. 


The post described is partly financed by Britain’s programme of aid to 
the developing countries administered by the Overseas Development 
Administration of the Foreign and Commonwealth Office. 


For further particulars you should apply, giving brief details of experience to 


Crown agentis 


M Division, 4 Millbank, London SWIP 33D, quotin ber 
M3B/730217/NF. | | eee en eae 
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CENTRAL PUBLIC HEALTH 
LABORATORY | 
MANAGER~—MEDIA PRODUCTION 
DEPARTMENT 


Science graduate (microbiology or biochemistry 
or pharmacy) required as Manager and to be 
responsible for day-to-day technical and adminis- 
trative functions of busy Media  Prouuction 
Department with a staff of 30. 

Duties also include, in association with 
Production Supervisor, supervision of the manu- 
facture of routine and specific media. Good 
organising ability and a practical nature 
essential, 

Salary according to experience within the 
National Health Service scale, and at least five 
years relevant postgraduate experience would 
qualify a suitable candidate for an appointment 
in the Senior Scientific Grade of £2,964 to 
£3,843 per annum, plus £126 London Weighting. 

Applications to Personne! Officer, Central 
Public Health Laboratory, Colindale Avenue, 
London NW9 SHT. (2148) 


UNIVERSITY OF EDINBURGH 
DEPARTMENT OF BOTANY 
POSTDOCTORAL RESEARCH 
ASSISTANT 
PROTEIN CHEMIST/ 
BIOCHEMIST 


Applications are invited for the post of 
Pastdoctoral Research Assistant, funded by 
the Agricultural Research Council, for a 
period of three years, to work on cell inter- 
actions during the development of the graft 
union in plants, under the direction of Dr. 
M. M. Yeoman. 

Salary within the range £2,025 to £2,346 
(under review) with F.S S.U. benefits. 

Applications (2 copies) should be sent as 
goon as possible to the Secretary to the 
University, University of Edinburgh, Old 
College, South Bridge, Edinburgh, EH8 9YL. 
Please quote reference 5023. (2199) 





THE UNIVERSITY OF MANCHESTER 
RESEARCH ASSISTANT IN THE 
DEPARTMENT OF CHILD HEALTH 


Applications invited from graduates with experi- 
ence or an interest in cell biology, endocrinology 
or electron microscopy to work on tissue culture of 
endocrine pancreas, Appointment for one year in 
first instance but possibility exists to proceed to 
Ph.D. for suitable candidate. Salary up to £3,048 
p.a. F.S.S.U, Further information and application 
forms from Dr. R, D. G. Milner, St. Mary’s 
Hospital, Manchester M13 OJH (061-273 i 





FLINDERS UNIVERSITY OF 
SOUTH AUSTRALIA 


LECTURER IN HUMAN BIOLOGY 


Applications are invited for appointment to the 
above-mentioned position. A joint Lectureship 
in the School of Biological Sciences and 
Medicine has been established and is to be 
supported by a grant from the Institute of 
Aboriginal Studies for an initial period of three 
years, after which it will be funded by the 
University in the usual way. 

The successful applicant must have research 
interests in the general field of genetics or 
demography of Australian Aborigines, and will 
be required to participate in teaching of Human 
Biology to Science and Medical students. 

Informal enquiries may be directed to Professor 
A. M. Clark, in the University. 

Salary Scale: $A8,698 to $A11,982. 
Superannuation is on the F.S.5.0. basis. 


Further information about the position, includ- 
ing conditions of appointment and details 
required of applicants, may be obtained from 
the Secretary-General Association of Common- 
wealth Universities (Appts), 36 Gordon Square, 
London WCIH OPF. Applications should be 
lodged, in duplicate, with the Registrar, The 
Flinders University of South Australia, Bedford 
Park, South Australia, 5042, by June eth 


ROYAL FREE HOSPITAL 
SCHOOL OF MEDICINE 
(UNIVERSITY OF LONDON) 

DEPARTMENT OF PHARMACOLOGY 
Graduate Biochemist required to assist in 
research on muscle biochemistry. Biochemical 
experience would be an. advantage. The success- 
ful candidate will be eligible to register for a 
higher degree. Starting. salary within range 
£1,260 to £1,300 pa. Applications should be sent 
to the School Secretary, 8 Hunter Street, London 

WCIN IBP. (222 





ete 
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UNIVERSITY OF DURHAM 
DEPARTMENT OF CHEMISTRY 


Requires a Research Technician to work in 
the inorganic research. group, Pplicants should 
preferably hold a Higher N nal Certificate, 
a Final City & Guilds, ae equivalent. 
Some experience in Chem desirable. 


Salary will be at an appro oe point on the 
University Scale for a Technician (£1,650 to 
£1,920) according to age, qualifications and 
experience, Applications in writing giving full 
details together with copies of two testimonials 
to the Personnel Office, Science Laboratories, 
South Road, Durham, by Friday. June aoe an 













oy OF LEIC seo 
“IN BIOCHEMISTRY 


Applications are invited for a Lectureship in — 


the Department of Biochemistry (Professor H, L. 
Kornberg, F.R.S., and Professor W. V. Shaw, 
M.D.) from October i, 1974. The Lecturer will 
teach in the Faculties of Science and: Medicine, 
but: preference will be given to applicants whose 
i Hence. amd research interests are in 
levant to the newly established Medical 





2 School (i.e. “Animal Biochemistry”). 


The salary scale for this appointment will be 
‘according to age and experience on ‘the scale 
£2,118 oto £4,896 a year with . F.S.8.U. 
membership. i 

Further particulars may be obtained from the 
Registrar, University of Leicester, Leicester LE! 
IRH, to whom applications should be sent by 
July 1, 1974. i (2227) 


THE UNIVERSITY COLLEGE OF. WALES 
ABERYSTWYTH 
DEPARTMENTS OF PHYSICS 
~ AND CHEMISTRY 
POST DOCTORAL RESEARCH 
ASSOCIATE 
Applications are invited for the soos. post of 
work on an SRC supported programme on 


vibrational population distributions of the reac- 
tion products of shock-initiated reactions using 






infra-red. & ie techniques. Candidates are 
expecte a suitable Honours degree and 
have t ör mofe years research experience. 


Appointment by October 1, 1974, or earlier by 

arrangement,- 

“Salary: £1,929 to £2,058 plus ESSU. 
Further particulars and application forms from 

the Registrar, The University College of Wales, 





Aberystwyth. Q 228) 





| UNIVERSITY OF OTAGO. 

LECTURERS IN BIOCHEMISTRY 

Applications are invited, from young graduates, 
preferably with postdoctoral experience, for two 


postion of Lecturer in Biochemistry. For one af 
‘these positions, preference will be given to can- 


didates whose research interests He in the field 
of enzyme structure and function. 

Salary Scale: NZ%6,753 to N7ZS&8, 568 per 
annum. Salary scales are subject to both triennial 
review and cost-of-living adjustments. 
Further particulars are available from the 
Secretary-General, Association of Commonwealth 
Universities (Appts), 36 Gordon Square, London 
WCIH OPF, or from the Registrar of the 
University. 

Applications close in New Zealand and London 
on July 15, 1974. ` om) 


OXFORDSHIRE HE eens AUTHOR ITY 
(TEACHING) 
THE RADCLIFFE INFIRMARY 


RENAL BIOCHEMISTRY 


Biochemist or Laboratory Technician’ to 
collaborate in project on metabolic basis of renal 
function. Previous laboratery experience essential, 
experience in enzyme assays helpful. Post 
financed at present for 18 months (Salary £1,440 
to £1,980 p.a.). 

Apply in writing to Dr B., D. Rose, Nuffield 
Department of Clinical Biochemistry, Radcliffe 
Infirmary, Oxford. Quote ref. 185/74. (2234) 





THE UNIVERSITY OF SHEFFIELD 
STEROID BIOCHEMIST 


Postdoctoral assistant required in the Depart- 
ment of Zoology from a date to be arranged 
until December 31, 1976 (with possibility of 
extension to three year appointment) to work 
with Professor F. J. Ebling on the responses. of 
skin to androgens. Applicants should be chemists 
or biochemists with experience in field of steroid 
metabolism in vitro and in vivo. Starting salary 
£1,929 pa. with F.S.S.U. provision. Further 
particulars from the Registrar and Secretary, the 
University, Sheffield S1Q0 2TN, to whom 
applications (one copy) should be sent by June 
20, 1974. Please quote Ref: R82/G. {2238} 





"d 


THE GEOLOGICAL SURVEY OF GREENLAND 


Geophysicist 





A Geophysicist is required for the Geological Survey of SGreenk and. 


Candidates should have at least five years’ exper 
branches of oil exploration, geophysics, particularly se 
and should have a good command of English. The p 
be based in Copenhagen and will be required to und 
work in Greenland. 


The appointment will be on renewable contract and 
Applications should be accompanied by a detailed curric 
indication of the approximate salary required, and the na 
referees, and should be sent before August 1, 1974 to: The Du 
Geological Survey of Greenland, Øster Voldgade 10, DK-1350 (yo 
K, Denmark. | 


THE ROYAL INFIRMARY OF EDINBURGH 
Department of Clinical Chemistry 


Applications are invited for the post of basic grade Biochemist. Candi- 


dates should have an Honours degree in Biochemistry or Chemistry, or € 
of the related biological sciences. The post will provide experience 
routine hospital service in Clinical Chemistry, and opportunities for i engaging 
in developmental and research work. A training programme exists 
preparing basic grade Biochemists for further qualifications in Clinical 
Biochemistry. 





Salary and conditions of service according to current Whitley Council 


agreements. Applications giving age, qualifications and experience, toge 
with the names and addresses of two referees to Personnel Officer, Roy 
Infirmary, Edinburgh EH3 9YW by June 21, 1974. 


Intending: applicants may visit the Department by arrangement with Dr 
I. W. Percy Robb, telephone 031-229 2477, ext, 2319. (2214) 


al 





of 
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NATIONAL HEART & CHEST HOSPITALS 
Brompton Hospital, London, SW3 6R P 


The following vacancies exist in the newly re-organised Department of 
Pathology. Full training facilities are provided for ONC, IMLT and HNC 


examinations. 


~ TECHNICIAN OR — 
JUNIOR TECHNICIAN ‘B’ 
Biochemistry Department 
TECHNICIAN 
Virology Department 
JUNIOR TECHNICIAN ‘A’ 
All Departments 
Qualifications required: 
Technician —- AIMLT or HNC in relevant subject 
Junior Technician “B’—- ONC or B.Sc. in relevant subject 
Junior Technician ‘A’ — GCE ‘O’ level passes in English, Mathematics 
and two science subjects. 


Applications, with the names of two referees to: 
F. J. Baker at the above address 


A Professorship (AH 4) in the 
BIOLOGY FACULTY 
of the 
UNIVERSITY OF HEIDELBERG 


is being re-advertised. The particular orientation in teaching in 
the sphere of neurosensory, ‘and behaviour physiology should 
embrace research in one of these fields. 

Please apply by letter, including a curriculum vitae, to the 


University of Heidelberg, 69 Heidelberg 1, Grabengasse l, by : 
September 30, 1974. (2286) ] 




















Ministry of Agriculture, — 
Fisheries and Food 
Food Science Division, London 


Food Chemist, 
Biochemist 


wm Advise on scientific aspects of manufac- 
ture and composition of foods and beverages 
m@ Liaise with other Government Depart- 
ments @ Participate in committee work in 
UK and abroad and in current awareness 
studies, 

© tst/and hons degree in Food Science/Tech- 
nology or related science O At least 4 years’ post- 
graduate experience in food industry or research 
on meat, fish, milk or protein foods O Age under 
32 <> Appointment as Senior Scientific Officer 
(£3026-£4123 under review) 2 Ref. SB/8/AE. 


Ministry of Agriculture, 
Fisheries and Food 
Fisheries Laboratory, Lowestoft 


Biologist 

E To organise and execute fishery resource 
surveys using quantative echo-sounding 
ated st oe 

5 | ISt ‘and hons degree i in Biology or dete sub- 
fee okine ee of underwater scours 
essential (©) Knowledge of fish behaviour in re- 
sponse to capture and facility with mathematics 
required ©) Age under 30 ©) Appointment as 
Higher Scientihe Officer (£2221-£2854) or 
Scientific Officer (£1435-£2329), according to age 
and experience D) Salaries under review 7 Ref. 
Sea”: 

a | Application forms (to be returned by 3 July 
1974) from Civil Service Commussion, Alencon 
Link, Basingstoke, Hants, RG21r 1]B, telephone 
Basingstoke 29222 ext. §00 or London o1-839 
1992 (24 hour answering service). 


"British Museum (N atiral Histan) 


tomologists 


@ 2 posts in Hymenoptera and Trichoptera 
sections W Post One: To carry out taxonomic 
research on Hymenoptera Parasitica m Post 
Two: To research taxonomy and biology of 
Trichoptera @ Supervision of Curatorial 
work on the National Collection involved in 
both posts. 

 rst/and hons degree or equivalent in Zoology, 
preferably with Entomology 0] At least 2 years’ 
postgraduate research experience 0] Age under 30 
C Appointments as Senior Scientific Officer 
Le eee or Higher Scientific Officer 





x E forms (to be R by 3 July 
1974) from Civil Service Commission, y 
Link, Basingstoke, Hants, RG21 1JB, telephone 
Basingstoke 29222 ext. 00 or London 01-839 1992 
(24 hour answering service), 


Department of the Environment 
Building Research Establishment 
Princes Risborough Laboratory 
Information 
Scientist 
ain Application Services Section concerned 
with disseminating results of research N 
Organise courses, seminars, symposia and 
visits W Arrange presentation of Labora- 
tory’s work at exhibitions @ Liaise with TV 
and film producers E Develop the use of 
Video Recording Equipment as visual aid. 

: Degree/HNC or equivalent in Science or 
Engineering —> Knowledge of timber technology 
an advantage E Age under 27 0 Appointment as 
Scientiie Officer (£ 1435-02329 under review) E 
Ref. SA/63/HA 

|! Application forms (to be returned by 2 July 
1974) from Establishment Office, Princes Ris- 


borough Laboratory, Aylesbury, Bucks, HP17 
gPX., 








The Lamont-Doherty Geological Observatory of 
Columbia University announces a position with the 
seismology group as a Research Associate or 
Senior Research Associate. Candidates must have 
a strong background in seismic instrumentation 
and data analysis and will be expected to lead 
existing and initiate new programs of research 
involving observations of earth strain, tilt, and 
long-period seismic waves. Qualified candidates 
are invited to submit a résumé of their qualifica- 
tions, publications, names and addresses of three 
references by August 15, 1974, to Dr. Lynn R. 
Sykes, Lamont-Doherty Geological Observatory, 
Palisades, New York 10964. Columbia University 
is an equal opportunity employer 


(2260) 


CIVIL SERVICE 


TECHNICIAN 


with biochemical experience required in Surgical 
Unit to provide a research analytical service, 
Commencing salary within scale £1.440 to LISId 
pa. plus £126 LOW. Apply, The Secretary, St. 
Mary's Hospital Medical School, Paddington, 
London W2 IPG quoting Ref. SU1. (2255) 
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CAMBRIDGE UNIVERSITY 
DEPARTMENT OF GENETICS 


Application are invited from microbial or 
molecular gereticwis for a University Demonstra- 
torship that js expected to be available from 
October i, 1974, or sooner. 


* The scale of stipends from October 1. 1974 will 
be £2,247 a year rising by annual meremenia to 
IA of, if the person appointed ix resident in 
College, £2,148 rising to £2,832. 


urther particulars may be obtained from the 
Secretary of the Appolitments Commitee of the 
Faculty of Biology ‘A’, Department of Applied 
Biology, Downing Street, Cambridge CB2 IDX, to 
whom applications should be sent before June 21, 
1974, (2254) 





(2279) 





UNIVERSITY OF DUNDEE 
DEPARTMENT OF PHARMACOLOGY 
AND THERAPEUTICS 
RESEARCH ASSISTANTSHIP 


Applications are invited from University 
graduates or holders of equivalent qualifica- 
tions for a Research Assistantship in the Dep- 
artment of Pharmacology and Therapeutics, 


-feeated in the new Ninewells Hospital and 


Medical School complex, Dundee. The holder 
of this post, which is available immediately, 
will be required to provide a Gas-Liquid 
Chromatographic Service within the Depart- 
ment and to collaborate as required with 
other staff in research and teaching and will 
be afforded facilities to carry out his own 
research work on a part-time basis for a 
higher deurce. 

The salary attached to the post will be 
within the range ELLE to £2,082 depending 
on qualifications and experience, 

Applicants should apply, giving thei quali- 
fications, the names of two referees and 
quoting Reference Est/39/743 by June 21, 
1974 to The Secretary, The University, 
Dundee DD 4HN, from whom further 
particulars may be obtained. (22133 
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SITY OF HULL 
TORAL FELLOWSHIP 


Safe invited for a Postdoctoral 
to. work in collaboration with 
i the effects of electrolytes on 
@f surface active non-electro- 
cperience in thermo-dynamics, 
misiry of electrolyte solutions, or 
> surface chemistry would be an 


















appointment which is for two years, is 
immediately available in the salary range, 
“£2,037: £2,151 per annum rising to, £2,226: £2,340 
“per ammam: on. October 1. 
“Applications giving details of qualifications, 
research experience, and the names of two 
the Registrar, University of Hull, Hull HU6 
referees should be sent before June 30, 1974, to 
FRX, from -whom further particulars may be 
obtained, » 2209) 





UNIVERSITY OF 


NEWCASTLE UPON TYNE 
DEPARTMENT OF PHYSIOLOGY 
JUNIOR RESEARCH ASSOCIATE 


. dunior Research Associate required from 
September 1974 for one year in the first ‘instance 
t) work on gastrointestinal hormones. Applicants 
should have or expect to obtain at least a second 
class degree and have an interest in biochemistry 
and cell physiology. : 

Salary scale (effective from October i, 1974) 
£1,569 to £1,818 pa. or the equivalent of a post 
graduate grant if registered for a higher’ degree. 

Applications, enclosing curriculum vitae and 
naming two referees, should be sent as SOOT, as 
possible and within three weeks of the date of 
this advertisement to Dr. C. N. A. Trotman, 
Department of Physiology, The Medical School, 
Dniversity of Newcastle upon Tyne, Newcastle 
upon Tyne NE! IRU. (2210) 









THE UNIVERSITY OF LEEDS 
DEPARTMENT OF BIOCHEMISTRY 


A post-doctoral appointment is to be made 
for research concerned with the control of 
trigiyceride and fipoprotein release from: the 
Hver and with the regulation of the enzyme, 
lipoprotein lipase. Previeus experience in 
. @ither of these areas, or in werk on: the 
| Blasma lipoproteins, would be useful. though 
= HOt essential, 

f The research has Medical Research Counc! 
7. Support and. though the appointment will be 
CE. for one year in the first instance. there is 
po #Fovision for extension for up ta five years. 
po Selary according to age, qualifications and 
fo @xperience, FSSU benefits will be available, 
j Fhe starting date will be October ist of as 
‘4. S00n thereafter as possible. 

F Applications, together with the names of 
} three referees and curriculum vitae. should be 
. Senf not later than 30 June 1974 to Professor 
. D. & Robinson. Department of Biochemistry, 
The University, Leeds, LSZ 9JT, from whom 
further particulars are available. (2237) 























~ UNIVERSITY OF LONDON 
_ CHAIR OF MINERAL TECHNOLOGY 
AT IMPERIAL COLLEGE _ 


The Senate invite applications for the Chair of 
Mineral Technology tenable in the Department af 
Mining and Mineral Technology at Imperial College 
with effect from October 1, 1974 of as soon as 
possible thereafter, Initial salary to be agreed but 
mot less than £5,973 plus £162 London Allowance. 
Applications (10 copies} must be received not later 
than July 26, 1974 by the Academic Registrar (N), 
University of London, Senate House, London 
WCLE THU, from whom further particulars should 
first be obtained. (2222) 








Arenaan 


UNIVERSITY OF SOUTHAMPTON 
FACULTY OF MEDICINE--MICROBIOLOGY 
_ Applications are invited from Suitably qualified 


science graduates for the post of LECTURER IN 
MICROBIOLOGY. The person appointed will be 
expected to undertake teaching and research duties 
it the field of microbial infections. Preference will 
pe pren to S diha with an interest in immuno- 
_ SRemistty, virology or the chemistr icrobi: 
earls y chemistry of microbial 
= Salary scale: £2,118 to £4,896. The initiat « 

E 3 e; taB iO 34 R96. e imal salary 
WHI depend on qualifications and experience. Fur- 
ther particulars may be obtained from the Deputy 
ecretary’s section (Ext. 353), The University, 





sent not later than June 22, 1974. quoting referenc 
be Sent pot later than June 22, 1974, ‘quoting 





Central 
Toxicology 
we? Laboratory 


| Administra 


Assistant 


We are looking for a person with a good biological backgrouñi 









who will be responsible for the administration and planning of 
long-term toxicological studies. The work also involves 
reporting the findings of scientific committees, compiling data 





and editing technical documents, extensive liaison with 
throughout the Laboratories and a miscellany of administra 
tasks necessary for the effective working of a group of 

30 laboratory staff. 

Applicants should either be graduate biologists or people with 
experience in laboratory administration. The ability to type 
would be an advantage. 


Applications and enquiries to: 


Miss A. Waring 

Personnel Officer 

ICI Central Toxicology Laboratory 

Alderley Park 

Nr. Macclesfield, Cheshire SK10 4Tj 
Tel: Alderley Edge 2711, Ext. 156 








(2248) 
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mamanin: 





Department of. the Environment 
Building Research Establishment 
Princes Risborough Laboratory 


Technical Editor 


E Assist in editing publications @ Draft articles on timber and 
related technology WE Prepare press releases and liaise with Press E 
Arrange dissemination of research results through scientific and 
technical journals. 


{ Application forms (to be returned by 28 June 1974) from Establishment 
Office, Princes Risborough Laboratory, Princes Risborough, Aylesbury, 
Bucks, HP17 9PX. 





(2289) 











REQUIRES 


FOR THE INSTITUTE OF IMMUNOLOGY AND GENETICS 


AS HEADS OF THE FOLLOWING GROUPS 


|. CELLULAR IMMUNOLOGY area of research: cell mediated immunity against 
malignant cells. Experience regarding the follow- 
ing areas would be required : 
cellular immunity, transplantation immunology 
and development and growth of tumors. 

Hi. IMMUNOCHEMISTRY area of research: Characterization of tumor anti- 
gens, factors involved in differentiation. 


li. IMMUNOGENETICS Experience regarding the following areas would 
be required: Histocompatibility antigens, gen- 
etic basis of cellular susceptibility to tumor 
viruses, variability of antibodies, and, genetics of 
mice. General research area: problems of car- 
cinogenesis. 


It is anticipated, that another group “SOMATIC GENETICS”, will be established 
at a later time. 


REQUIREMENTS: Recognized scientific ability in the above areas as well as 
the readiness to cooperate with groups that are already established at the 
German Cancer Research Center and that are concerned with related subjects. 
OFFERS: Salary group AH 3, provided the applicant fulfils the conditions of 
German Civil Service, or an otherwise appropriate grade of employment. Funds 
for scientific and technical assistants are available. The space in the institute 
available for each group will be 300 qm. Facilities including an animal colony, 
computerised data processing, modern literature search service, central 
photography laboratory, central spectroscopy laboratory, and central workshop, 
are available to all scientists at the German Cancer Research Center. 


Only written applications will be considered. They should be submitted with a 
-complete list of publications and curriculum vitae to the administration of the 
“Deutsches Krebsforschungszentrum, D-69 Heidelberg, Kirschnerstra Be 6”, by 
a 30, 1974, and.should be marked “Berufungsausschu B Immunologie 
- und Genetik”. i 


(2207) 

















: UNIVERSITY € OF LEEDS 
ASTBURY 
EPARTMENT OF BIOPHYSICS 


ations are invited for 3-year post- 
Wards financed by the SRC. and 
“far research in the felds of - 


RUCTURAL STUDIES OF 
NZYMES, POLYSACCHARIDES 
“AND LIQUID CRYSTALS 


Xray diffraction, SPRCLTOSCOBY. 
ng and solution studies. 
expected to obtain a first 

ng. class degree in. Physics, 

istry or a related subject. 


THE ROYAL HORTICULTU RA L 
SOCIETY 


Applications are invited from graduates in Horti- 
iological Sciences for the Emmie Clough 
ip ta be awarded by the Royal Horti- 
ral Society for postgraduate research - sat the 
Ss Garden, Wisley, Woking, Surrey, on an 
ved: horticultural project. 

t scholarship is intended to lead to a: higher 
degree at the University of Reading. Applicants 
gatisty the University’s entry qualifications, 
aid the research project will be under University 
. supervision. 
© The subject of research will be. approved jointly 
by the Society and the University and must be 
concerned with a problem of. practical horticultural 
importance, Possible research topics could be the 
host relations and controluof rusts affecting erna- 
mental plants, sweet pea scorch: the biology and 
control of lichens. Other topics pur forward by 
applicants will also be considered. 

The acholarship of not Jess than £750/ annum is 
tenable for a period of two years and may be 
extended. 

Applications for the schelarshin which will run 
from October 1974 should include full details of 
the applicant's - experience and qualifications 
together with the. pames and addresses of two 

referers | guid reach the Secretary, 

¥y Offices, Vincent Square, 
later than Jone 30, 1074, 
(2253). 


AIEA AiL NVE GEVA A AAE pa a ei i 


SURREY EDUCATION COMMITTEE. 
EWELL COUNTY TECHNICAL | 
COLLEGE 
Reigate Road, Ewell 
DEPARTMENT OF BIGLOGICAL SCIENCES 
Required as soon as possible 
LECTURER I OR 2 IN 
BIOCHEMISTRY 






















To teach at Higher National Diploma and Certh | 


ficate and at Membership of the Institute of 
Biology levels. 

An interest in protein biochemistry and ihe 
application of physical techniques to biomacro 
molecules would be an advantage. The successful 
candidate would also be involved in teaching areas 
of metabole biochemistry, 

Candidates should have a First Degree in Bio 
chemistry plus industrial and/or reesarch experi 
ence. Only those candidates with appropriate 
teaching experience, in addition to the above, will 
be considered for the Lecturer 2 grade. 

Salary: Lecturer 1—~£€1.660 to £2,685 p.a—far 

Good Honours Graduate the scale is extended 
to £2,847 pa. 


Lecturer 2--£2,415 by B increments to: £3, 243 
p.a. 
ELIS p.a. London Allowance payable. 


Generous relocation expénses and assistance. 
house purchase im approved cases. 


; Stamped addressed foniscap envelope, plea sé, 
urther particulars and application forms fr 


Vice-Principal. Applications to be returned. 
4 days. (2 


poveran 


EARTH SCIENCE—OUATERNARY 
Applications are invited for a peman ni posiion 

ibject to availability of fundsy effect July 
75, at Scarborough College in the Up if 
ronto. Duties—-undergraduate  iistructi in 
‘oductary Earth Science and advanced: Cain 
ching and research in Quaternary geology or 
sical geography. Applicants must have á com- 
ed Ph.D. and postdoctoral experience is pre- 
sd. Salary and rank commensarate with ex- 

once, Closing date for applications-—January 1, 
. or when filled. Application, inehading a com- 
curriculum vitae and the - names of three 


with 























ees to oe J. C. Ritchie, Chairman of the 
b Gor ee, Scarborough College, University 
i ttita esi HH, 






















Cardiovascular 


Research 


Section Head, £40 


Our E ET have 
proved themselves capable of 
identifying new approaches to the 
treatment of heart disease. It is 
intended that these teams will form 
the basis of a new section in the 
department of Pharmacology and 
Biochemustry. 

We need an established 
pharmacologist, someone with a 
minimum of 4 years’ post-doctoral 
experience, capable of giving 
excellent leadership to this section. 
Good managerial potential is 
expected since the section will 
probably expand. 

Future growth of cardiovas- 


largely on your drive and creative 
ability. A contribution to other fields 


cular research in Fisons will depend 















of drug research will a 
ed through interactio 
scientists in other depart 

Starting salary will be 
£4000: benefits, including 
utory pension, welfare schemes an 
expenses towards relocation are 
excelent. 

Please write or telephone boy 
an application form, quoting 
reference 355R: u 
John Mills, Personnel Manager, u 
Fisons Limited, Pharmaceutical 
Division, Bakewell Road, 

Loughborough, Leics. 
Tel: Loughborough 66361 

















Science Graduates interested 


in the administration of 


Medical Research 


if you are a Science Graduate with a first or second class honours degr 


aged 32 or over, and would like 
of research, 


a post of Scientific Administrative Officer in the 
Headquarters Office in London should be of interest to you. 








to make a career in the administrat 





Research. 


experience in fields associated with medicine—including social sciences—and 
a research degree would be an advantage. 


The Medical Research Council is the main Government agency responsible — 
fer the promotion of medical research and sponsors an extensive programme, 
The vacant post will be concerned primarily with 


some of which is abroad, 








part of the Council's now clinical activities which includes such subjects as 
physiology, psychology, genetics, immunology, microbiology and molecular 


biology. The work will include 
scientific staff and others active in 


liaison with members of the Council's 
the relevant research field and participa- 


tion in scientific committee and conference activities. 


Salary will be in the range of £3,943 to £5,123 per annum, with superannua-. 


tion provision. 


Appointments will be to the Council’s established staff, 


subject to satisfactory completion of a probation period of two years. 


Application forms may be obtained by writing to or telephoning Mrs, Anne- 


Edwards, Medical Research Council, 


20 Park Crescent, London, WIN 4AL. 


Tel. 01-636 5422 (Ext. 300). Closing date for applications June 26, 1974. 


Please quote E2/584. 


(3266) 











TURAL ENVIRONMENT RESEARCH COUNCIL 
TITUTE OF GEOLOGICAL SCIENCES 


1ydrogeologists 


plications are invited for Senior Scientific Officer, Higher Scientific Officer and 
ientific Officer vacancies which exist in small teams in the WHydrogeological De- 


tment of the institute, working on basic and applied research projects. 
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RESEARCH SCIENTIST (ARMYWORM 


ECOLOGICAL GENETICIST) 
Ref. Res/74/11 


Applications are invited from candidates of Ph.D. 
status to fill the post of Ecological Geneticist in 
the Armyworm Programme at the LC.LP.E. Re- 
search Centre. 

Responsibilities: The appointee will be required 
to investigate the ecological genetics of the Army- 
worm moth, Spodoptera exempta (Agrotidae), espe- 
cially its polymorphism. This must include cryptic 
polymorphism, ascertained by means of electro- 
phoresis. 

Salary: Will depend on qualification and experi- 
ence, but not less than K.Shs.44,000 per year. 

Other benefits include ten per cent gratuity of 
basic salary earned, a housing allowanee. and 
medical insurance, 

Applications, in six copies, should give the fol- 


ast J Duties are primarily concerned with overseas groundwater modelling lowing information: General education, Professional 
projects. Candidates are expected to have a good honours degree or qualifications, experience, marital status, age, 
equivalent in Geology or Physics and experience in Fortran programming. present salary and terms of service, and names and 
Scientific Officer Band I, Higher Scientific Officer Band I, or Senior addresses of four referees (including a personal 
Scientific Officer. reference). Photostat copies of relevant transcripts, 
= , ; thesis abstracts, and certificates should be enclosed. 
Post 2 Duties are concerned with overseas hydrogeochemical problems, A Applications should be addressed to: 
good honours degree or equivalent in Geochemistry is required and a The Administrative Officer 
background in physical chemistry; some sedimentary or aqueous LC.LP.E. Research Centre 
geochemistry is desirable. Scientific Officer Band I, Higher Scientific P.O. Box 30772 i 
Officer Band I, or Senior Scientific Officer. NAIROBI 
Post 3 Duties are concerned with hydraulic analysis relating mainly to regional to reach him on or before July 1, 1974. (2259) 


groundwater research studies in the UK. A good honours degree or 
equivalent in Geology is required while some knowledge of hydraulic 
engineering or mathematics would be an advantage. Scientific Officer 
Band f, Higher Scientific Officer Band I, or Senior Scientific Officer. 





Duties are concerned with applied studies overseas. Candidates are 
expected to have a good honours degree or equivalent in Geology or 
Environmental Science, with Mathematics or Physics as ancillary subjects. 
Scientific Officer Band Ii, Higher Scientific Officer Band I, or Senior 
Scientific Officer. 

Duties relate mainly to regional research studies in the UK. A degree, 
HNC or equivalent in Geology or Environmental Science is required: 


cartographic ability advantageous. Scientific Officer Band HI, or Higher 
Scientific Officer Band TI. 


For all posts some postgraduate experience in hydrology and/or hydrogeology is 
desirable. 
SALARY (currently under review) 


Scientific Officer £1,663-£2,5587 
Higher Scientific Officer £2,449-£3,0682 
Senior Scientific Officer £3,026-£4123 


Starting salaries may be above the minima. 


Posts 4 to 7 





King 


HEALTH DISTRICT (TEACHING) 
Lembeth, Southwark and Lewisham 
Area Health Authority (Teaching) 


Posts 8 and 9 


Research Graduate 


Graduate required to work on the 
Biochemistry of various hormones in 
women with benign or malignant 
tumours of the breast. 


Application forms obtainable from 
the Personnel Office, King’s College 
Hospital, Denmark Hull, London, 
S.E.5. Tel: 01-274 6222 Ext. 2726 
1974. (Miss Millwood) should be completed 
and returned by two weeks after date 
of insertion. (2251) 


The staff of the Council are not Civil Servants although their pay and conditions of 
service are similar to those of scientists in the Civil Service. 


Application forms available from Establishment Section, Institute of Geological 
Sciences, Exhibition Road, London SW7 2DE, quoting Ref. SO/HYD/74/2. 


CLOSING DATE FOR RECEIPT OF APPLICATION FORMS JUNE 21, 
(2218) 





UNIVERSITY OF SYDNEY 
FIXED TERM LECTURESHIP IN THE 
DEVELOPMENT OF CONTINUING _ 
EDUCATION IN VETERINARY SCIENCE 
Applications are invited for the abovementioned 
position. The appointee will be involved in the 
development of continuing education ria s 
oF Se Science and will be expected to werk m clase 
APPLIED MATHEMATICS OR ASTRONOMY liaison with the Postgraduate Committee in Veterin- 
Applications are invited for the above vacancies. ary Science and other appropriate scientific bodies. 
Candidates must state in which topics in one or The initial appointment will be for two years 
more of the subjects they have specialised, with the possibility of an extension beyond tha! 
Qualified academics are invited to apply to: period. 
The Registrar, Salary: $A8.698 to SAII,982 p.a. 
University of South Africa, Further information available from the Dean j 


UNIVERSITY OF SOUTH AFRICA 
DEPARTMENT OF MATHEMATICS 
AND APPLIED MATHEMATICS 
VACANCIES FOR SENIOR LECTURER OR 
LECTURER IN MATHEMATICS AND 


UNIVERSITY OF EAST ANGLIA 
SCHOOL OF CHEMICAL SCIENCES 
RESEARCH IN SPECTROSCOPY 


Applications are invited by June 28 for a Post- 
doctoral Research Associateship available from 
September 1974 to work with Professor N. Shep- 
pard, F.R.S., on the infra-red spectra of chemi- 
sorbed molecules using interferometric techniques, 
Salary within the range £1,929 to £2,223 p.a., 
according to age and experience. F.S.S.U. benefits. 
School of Chemical Sciences, University Plain, 
Norwich NOR &&C. (2250) 








P.O. Box 392, the University, Applications including curricudur 
UNIVERSITY OF KENT AT Pretoria, vitae, fist of publications and names of thri 
ANTE South Africa. referees to the Registrar, University of Sydne 
Sone eee IN Applications close on June 30, 1974 N.S.W. a Anata, by eae 28, pane oF 
i ü , i : f soon as possible thereafter. Information also ave 
The salary scales are: able from Association of Commonwealth Unive: 
sh MICR ORIOLO Senior Lecturer R6,300 by R300 to R8,100 tes (Appts), 36 Gordon Square, London WC 
Applications are rages Fs the folowing research plus 15%. ' ' OPF. (2220 
appomtments in the Biological Laboratory for Ag j aS 
work on phage and bacterial plasmids. g o ea, Psn 
(a) A Postdoctoral Fellow to work on new ei FEDERAL INSTITUTE OF 
methods for determining the kinetics of bacterial TECHNOLOGY 


IMPERIAL COLLEGE. 


growth in infected animals using temperate 


Phage and colicin factors. Salar initial ; i AN 
£2,118 in the range £2,118 to £2,413. ii PEROT AENT OT COOLT ADD 


(b) A bon s APPLIED ENTOMOLOGY ` 
graduate Experimental Officer to assist in , 
physiological and molecular studies on colicin Postdoctoral Research Assistant, financed by the 
. factors. Salary initially £1,686 in the range R.C., required to work on the rôle and nature 
£1,686 to £1,947, of insect papain andries should possess 
: A ; NO : A gy expect to obtain shortly a Ph.D, and have ability 
jon ee itera is essential for both in either Physiology or Biochemistry. The position 
Porel uppg sehr edge of bacterial genetics and its is Wor two years and could be taken up as soon 
forms and particulars may ‘be obisined Pan ie Ma RGiMG. Seating, salary £2,094 (under ‘review 
: FHCWALS M Obtained from the inchidin ondon it S. 
Assistant Registrar, Natural OEE E A e ing London allowance, with F.S.S.U. A full 


, Ma time Research Technician is available. Ps 
Laboratory, The University, Canterbury, Kent CT2 Applications by letter, eas referees, to 


W. Mordue, Department of Zoology and ie, ete 
Apolied i En tomology, Imperial College, London, Fi e chai ae 
5.W.7, une 3g. = 9277 ces 

ad r (2277 CH-8006 Zürich, Switzerland. Q 


ZURICH, SWITZERLAND 


Applications are invited from physical cher 
for the position of postdoctoral research ass? 
to work with Prof Urs P. Wild in the fie! 
photochemical and photophysical primary proc: 
Experience in the field is required. The appoint 
will be for 1 year, renewable for a second 
commencing not later than October 1974. S 
sfr. 30,000 per annum. 

_ Detailed application including curriculum 
list of publications, and names of three ri 
should be addressed to: 


Prof Urs P. Wild, 


ł to whom completed applications should be ` 
_ feturned by June 21. Please quote ref. A355774. a 


(2215) 
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Dow is a world-wide chemical company 
with sales around £1300 million and an 
outstanding record of growth. The 
European Division directs an extensive 
manufacturing and sales organisation 
throughout the Continent and UK from 
its headquarters in Zurich. The UK 
company has production facilities in 
King’s Lynn and Barry, with sales offices 
in London and Wilmslow. At King's Lynn 
the company manufactures plastics and 
agriculisteal È oer aena The town itself is 
an active port situated close to the 
Norfolk Broads and holiday beaches. A 
growing industrial centre, it offers 
economic housing, good schools, 
shopping and recreational facilities. 


*7Trademark of the 


RESEARCH TECHNICIAN 


required to assist in exciting current project in an 
expanding ficld of research for the development of 
Suitable in vitro immunological techniques related 
to the understanding and treatment of allergy 
Salary on Whitley Council scales. Enquiries and 
applications in writing stating age, qualifications, 
experience and names of two referees to Mr K. C 
Huggins, Department of Immunology (N). The 
Middlesex Hospital Medical School, Arthur Stanley 
House, 40/50 Tottenham Street, London WIP 9PG 
(2274) 


QUEEN ELIZABETH COLLEGE 
(UNIVERSITY OF LONDON) 
CAMPDEN HILL ROAD, W8 7AH 


Applications are invited for the post of Lecturer 
in the Microbiology Department. Candidates should 
be postdoctoral or about to complete Ph.D. thesis: 
they should be active research workers and versatile 
as teachers. Further particulars from the Colleve 
Secretary (N), to whom applications should be 
sent by July 1 (2275) 


a 


RESEARCH ASSISTANT 


Applications are invited for a Research Assistant- 
ship to work on problems concerned with mam- 
malian fertilisation. Applicants should be of at 
least graduate status with an interest in the 
physiology and biochemistry of reproduction. The 
appointment would be for one year in the first 
instance with the possibility of an extension for 
a further two years. Salary around £1,850 plus 
F.S.S.U 

A curriculum vitae and names of two referees 
should be sent immediately to Dr D. B Morton 
Strangeways Research Laboratory, Worts Cause- 
way, Cambridge CBI] 4RN (2282) 








REQUIRED 

Female Graduate Geologist with secretaria] train- 

ing. Good shorthand and typing necessary as well 

as ability to assess and assemble scientific material 

Apply: Personnel Officer, Robertson Research Inter- 

national Limited, Ty’n-y-Coed, Llanrhos, Llan- 

dudno LL30 ISA, Caernarvonshire, North Wales 
(228 3) 









Dow Chemical Company 










































qualifications: 
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pounds. 
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colonies. 













DUBLIN INSTITUTE FOR 
ADVANCED STUDIES 


SCHOOL OF COSMIC PHYSICS 


Applications are invited from persons suitably 
qualified in the field of Solid Earth Geophysics 
for a permanent appointment in the Geophysical 
Section of the School of Cosmic Physics 

Appointment will be made at the level of cither 
Professor or Assistant Professor 

Salary scales: Professor, £4,185 by £188(3) by 
£187 to £4,936; Assistant Professor, £3,092 by 
£12M6) by £128 to £3,958. (Both scales under re- 
View at present) 

Applications, accompanied by a curriculum vitae, 
list of publications and the names of two referees, 
should be sent so as to reach the undersigned 
(from whom further particulars may be obtained) 
on or before July 8, 1974 

The Registrar, 

Dublin Institute for Advanced Studies. 

10 Burlington Road, 

Dublin 4 (2278) 





THE FREE UNIVERSITY 
OF BERLIN 


has an opening at the Assistant Professor 
level for a MEMBRANE BIOCHEMIST with 
interests in the membrane transport of 
yeasts 

The appointment will be for four vears 
(salary about 30,000 DM per annum) com- 
mencing to August 1, 1974. or later 

Demands are experience in the isolation 
and characterisation of cell membranes as 
well as a good knowledge in biochemical 
methods. The candidate agrees to perform 
courses on problems of biochemistry and 
molecular biology 

Applications giving full details of educa-® 
tion and qualjfications should be sent within 
four weeks after publication of this advertise- 
ment to Dr Uwe Reichert, Freie Universitit 
Berlin Zentralinstitut fiir. Biochemie und 
Biophysik, D-1000 Berlin® 33, Ehrenberg- 
straBe 26-28 (2291) 


Entomologist 


for Products Screening 


to join our recently formed and rapidly expanding Agricultura! 
Research Centre in King’s Lynn. 


At the Centre, Dow’s first major research establishment outside 
the USA, we are looking for screening specialists to play a key 
role in its future growth. 


Their initial task will be to develop a systematic approach to 
screening for biologically active compounds, leading eventually 
to the function of Product Specialist Insecticides. a 


Candidates, male or female, should have the following 


u University degree, preferably Ph.D. in Entomology. | 
m Extensive experience in screening of biologically active com- 


m A wide knowledge of the crop insecticide markets and their 
requirements, particularly in the area Europe/ Africa. 

m A good basic knowledge of organic and biochemistry and of 
structure-activity relationships, 

m Experience in organising biological screens and experience 
in developing and maintaining laboratory cultures and 


m Experience of working in Continental Europe. 
m Fluency in a European language, other than native tongue. 


Starting salary will be negotiable depending on experience and 
qualifications. Benefits include contributory pension scheme, 
BUPA membership and comprehensive removal allowances. 
Please write for an application form, quoting reference U.166, 
to: A. Clapham, UK Personnel Manager, Heathrow House, 
Bath Road, Hounslow TWS 9QY. 


(2247) 


CENTRAL BIRMINGHAM 
HEALTH DISTRICT 
THE CHILDREN’S HOSPITAL 


PRINCIPAL AND SENIOR GRADE 
BIOCHEMIST 


The Clinical Chemistry Department at the 
Children’s Hospital gives a Regional Paediatric 
service and offers experience in a wide range of 
Biochemical techniques, including screening and 
research into inherited metabolic disease. The 
appointment of the successful candidate will depend 
on previous hospital experience, qualifications, and 
ability to deputise for the Consultant Chemical 
Pathologist.. Salary: 

Principal £3,969 to £5,175. 
Senior £2,964 to £3,843 

For further information please contact Dr D. N 
Raine (telephone 021-454 4851), to whom applica- 
tions giving persona] details and the names of two 
referees should be sent. The Children’s Hospital 
Ladvwood Middleway, Fiveways, Birmingham BI6 
SET 2267) 


IMPERIAL COLLEGE 
DEPARTMENT OF ELECTRICAI 
ENGINEERING 
ENGINEERING IN MEDICINE LABORATORY 


BIOLOGICAL SIGNAL 
ANALYSIS 


A Postdoctoral RESEARCH ASSISTANT to 
Professor B. McA. Sayers is required for a con- 
tinuing research programme supported by the 
Medical Research Council, on the exploratory 
analysis of signals of neural, physiological, clinical, 
or epidemiological origin 

Candidates should have a Ph.D. and a good 
knowledge of computer programming, and pre- 
ferably be familiar with signal analysis techniques 
The appointment will be initially for ome year 
rencwable annually subject to satisfactory progress 
up to a maximum period of 5 years. The starting 
salary is up to £2,385 including London allowance 
(under review) depending on age and experience, 
and carries membership of F.S.S.U. Applications 
with the names of two referees, should be sent 
to The Secretary, Engineering in Medicine Lab- 
oratory, Department of Electrical Engineering, 
Imperial College. SW7 2BT as soon as possible 
Tel, 01-589 5111, Ext. 1409 (2276) 
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vrije universiteit amsterdam 


The Central Interfaculty of Philosophy has a vacancy for a full 


The Netherlands 


professor of philosophy of science 


who should be qualified in the physical sciences and in philosophy and is expected to 
have a doctor’s degree in one of the two. 


He should give lecture courses 
the physical sciences in particu 


Teaching and research will be mainly in the Facult 
Sciences, which has departments of mathematics, p 


on philosophy of science in general and philosophy of 
lar and conduct research in this field. 


y of Mathematics and Natural 
hysics, chemistry, geology and 


biology and numbers appr. 30 full professors and 1.750 students. 


The Central Interfaculty numbers 10 professors and 150 students. 


The Free University was founded as a private non-denomin 


and is now a fully state subsidized private university. The p 


speaks of the Christian idea of service, in obedience to the 


their attitude towards this principle in their application. 


Gross salary offered: about D.fl. 95.000,- per annum. 


ational Christian Institution 
reamble to its charter 
Gospel of Jesus Christ, as 
the University’s guiding principle. It will be appreciated if candidates would express 





Both applicants and those who would like to draw the attention to possible candidates 
are requested to write within two months from the appearance of this issue to the 


Chairman of the appointment committee, Dr. 
faculty, Vrije Universiteit, De Boelelaan 1105, 


Candidates should mention referees when applying. 


THE HANNAH RESEARCH 
INSTITUTE 
DEPARTMENT OF APPLIED STUDIES 
CARBOHYDRATE BIOCHEMISTRY 


experience of carbohydrate biochemistry to assist 


with work on the starch-degrading enzymes of 


Secretary, The Hannah Research Institute, Ayr 
KAG SHL to whom further particulars may be 
obtained from by June 21, 1974. (2284) 





UNIVERSITY OF TORONTO 
INSTITUTE OF BIOMEDICAL 
ENGINEERING 


DIRECTOR 


Applications are invited for the above 
position in Ontario, Canada. The applicant 
should have distinction as an investigator in 
the biological engineering field, with academic 
experience, leadership. and administrative 
ability. The Director of the Institute will alse 
he appointed to appropriate Departments in 
Engineering and/or Medicine. 

Nominations and applicayons should be 
directed to the Chairman of the Search Com- 
mittee, Professor B. Etkin, Pagi of Applied 
Science and Engineering, fliversity of 
Toronto, Toronto, Ontario, Canada. 

(2250) 


i. v.d. Hoeven, Central Inter- 
Amsterdam, The Netherlands. 


Ph.D. PSYCHOLOGIST 


Ph.D, Psychologist to be responsible for carry- 
ing out specific phases of research with nonhuman 
primates. The applicant should be competent in 
ielestimulation and telemetry of discrete brain 
argas, have a thorough knowledge of the neuro- 
anatomy of Macaca speciosa, experience in the 
recording of single unit activities in the awake 
animal, and must know how to suppress stimulus 
artifacts, Other duties involve biochemical assays ol 
perfusates obtained from push-pull cannula and 
jontophoretical studies of neuronal activities m 
“NS 

Assistant Professor level. Send applications to 
Professor James Maas, Department of Psychiatry. 
Yale University School of Medicine, 333 Cedar 
Street, New Haven, Ct, 06510, USA, 


AN EQUAL OPPORTUNITY EMPLOYER 
(2285) 
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~~ POLYTECHNIC OF THE 

-o SOUTH BANK : 
| DEPARTMENT OF PHYSICS: 
DI TE SCIENTIFIC ASSIST ANT 
äre invited for a Graduate Scientific 
work with Dr Hague on an MRC 
oject to study the radiation dose to 
ry system due to radon and its 








successful applicant may register for a Ph.D 
degree, l 

Salary offered is up to £1,400 per annum, de- 
pending.on age and experience. 
“Applications by letter, naming two referees, 
should “be. sent to the Secretary, Physics Depart- 
ment, Polytechnic of the South Bank, Borough 
Road, London SEi OAA, from whom further 
particulars may be obtained. - (2268) 


UNIVERSITY OF LONDON 
GOLDSMITHS’ COLLEGE 

NEW CROSS. LONDON SEI4 6NW 

CHEMISTRY DEPARTMENT 


“Required, as soon as possible, Lecturer in 
Chemistry with good academic qualifications, able 
to teach inorganic and/or physical chemistry up to 
BEd. and B.Sc. Standard I. 
Salary on Pelham scale for teaching staf in 
College of Education. plus London Allowance. 
For further particulars write, enclosing a stamped 
addressed A4 envelope, to the Personne] Officer, to 
whom applications should be sent by June f4, 1974, 
{2263} 





IMPERIAL COLLEGE OF SCIENCE 
AND TECHNOLOGY | 
DEPARTMENT OF BIOCHEMISTRY 
POSTGRADUATE RESEARCH 


Research activities open to graduates wishing to 
work for the M.Phil. or Ph.D. degree include: 
Yeast viruses: hosf-virus relationships. - 
Mycoviruses: characterisation and biochemistry 
of virus replication cycle. . 
Grants will be available to suitable candidates. 
Enquiries should be made to: 
. De K. W. Back, 
Depattment of Biochemistry, 
Imperial College, 
London SW7 ZAY. (2262) 





fc ee a 


INSTITUTE OF ARCHAEOLOGY 
fa UNIVERSITY OF LONDON : 





WCIH OPY by June 30, 1974. (2292) 














UNIVERSITY OF THE 
SOUTH PACIFIC 
FIH 


Applications are invited for LECTURESHIP 
IN CHEMISTRY in the School of Natural 
Resources, tenable from the beginning of 1975. 
AppHeants should have interests in Inorganic 
Chemistry and should have a strong motivation 
to developing courses appropriate to the South 
Pacific context. Teaching duties will be assigned 
by the Head of Chemistry and may be at all 
levels of the B.Sc. course. Research involving the 
natural resources of the Region is encouraged 
and there are unique opportunities in areas such 
as Marine Chemistry and Soil Science. Salary scale 
(under review): $F4,700 to $F6,500 pa. (1 
sterling == $F1.94). 10% annual gratuity for 
contract appointment: superannuation contribu- 
tions; partly furnished accommodation at rental 
of 15% of salary; appointment allowance. Con- 
tracts may be for two, four or six years. Formal! 
applications (6 copies) should contain full name, 


K _ date and place of birth, nationality, marital 


status, educational qualifications, employment 
history and experience, names and addresses of 
three referees, general statement of physical 
fitness, estimated starting date. A pasaport-size 
photograph should also be sent. Further particu- 
lars, including an outline terms of service, are 
available from the Registrar {Pos 74/16), 
University of the South Pacific, P.O. Box 1168, 
Suva, Fiji. Closing date: as soon as possible, 


06) 












Agro Chem 


Formulation — 


Development of our activities has created the need for a graduate f 
pet, crop protection and amateur garden products, The position, 
tenable at Beeston near Nottingham, involves the design and 
investigation of formulations, including appropriate stability testing. 
Particular emphasis will be placed on investigational work. 


Applications are invited from graduates in Chemistry, Pharmacy or an 
allied subject and although experience in Product Development would 
be an advantage it is not essential. 

Conditions of employment are first class. Some help with relocation 
expenses will be given where appropriate. 

Please write for application form, quoting ref. U.198, to J. F. Pattison, 
Employment Manager. 


Kae The Boots Company Ltd. 
Nottingham NG2 3AA. 





THE GEOLOGICAL SURVEY OF GREENLAND 


Stratigrapher /Palynolog 


A position is available in the Oil and Gas Section of the Geological Survey 
of Greenland for a geologist with a background in stratigraphy and in 
particular palynology. The successful candidate will be required initially to 
work on Mesozoic-Tertiary sediments of central West Greenland, but will 
later assist in building up knowledge of the West Greenland shelf on the 
basis of deep well samples. 

The person appointed will be based in Copenhagen and will be requires 
to undertake periodic field work in Greenland. 

Applications should be accompanied by a detailed curriculum vitae, and 
indication of the approximate salary required, and the names of two referees, 
and should be sent before August |, 1974, to: The Director, The Geological 
Survey of Greenland, Oster Voldgade 10, DK-1350 Copenhagen, “San 









Graduate Required — 


Physics/Chemistry Graduate required for interesting research post 
within our Central Laboratories Division. The job is concerned 
with the creepage along and wetting of metal surfaces by 
liquids. The position is new and offers excellent scope for 
originality and innovation. 

Undergraduates qualifying this year will be considered. 

Research facilities and future prospects are good. 

Location: North London. œ 

Hours: 9 am to 5.15 pm (Mon to Fri) 36} hr. week. 

pul Administration Mai 
(RS Eyer Ready (Holdings) Limited, 
Central Laboratories, 


St.eAnn’s Road, 
London, N15 3T). Tel. No. 01-800 1101. (2244) 













Bioch 


A Biochemistis required forthe Fermen- Social facilities and an attractive South 
tation Development Department to Coast location. Benefits also include a 
investigate the metabolic control of non-contributory pension and life as- 
penicillin production. surance scheme, 


“ideally applicants should be post doc- Please write giving brief details of age, 
toral workers with experience of the qualifications and experience to Miss 
biosynthesis of secondary metabolites C. Turnbull, Personne! Officer. Beecham 
or the control of metabolic pathways, Pharmaceuticals, Clarendon Road, 
although a good new graduate with a Worthing, Sussex. 
keen interest in these areas could be ; 
considered. Excellent facilities exist for Ea 
studying Laboratory, Pilot Plant and of 
large-scale productian fermentations. 


43 r THE GUEENS 
We offer competitive salaries, four AWARD TO INDUSTRY 


weeks holiday, excellent Sport and 4966 1970 1971 1972, 


g" T mm mm 


Au m m a m m a 


(2281) 


1 Lister Institute of Preventive Medicine 


(University of London) 
Elstree, Herts. 


PRODUCTION MANAGER 


The Lister Institute requires a Manager to take charge of the production 
for human use of bacterial vaccines, virus vaccines and therapeutic sera 
at its Elstree Laboratories. Applicants must have considerable experience 
in the organisation and day to day running of a unit producing biological 
materials; and the person appointed will be expected to take an active 
interest in the expansion of production. The salary will be in accordance 
with experience and qualifications and will be appropriate to a post of 
this seniority. Superannuation under FSS. 


Applications to: Secretary, Lister Institute of Preventive Medicine 
Elstree, Hertfordshire. 


Baeometra pi nir tanh aA AN OPO CP IRIE DIO AE OD CE SOTTO 
$ 








NATIONAL INSTITUTE FOR MEDICAL RESEARCH 
MILL HILL, LONDON 


ELECTRON MICROSCOPY TECHNICIAN 


familiar with thin tissue sectioning is required to assist in the 
examination of cells and sub-ceMular components during animal 
development. Experience in elecgjron microscopy would be an 
advantage. Initial salary, accordigg to age, qualifications and 
experience, will be on scales £1,566 to £2,418 p.a. or £3,202 to 
£2,949 p.a. Please write, quoting ref. EM/DB to J. H. Woodcock, 
Personnel Officer, N.L.M.R., The Ridgeway, Nill Hil, London 
NW7 1AA. Tel: 01-959 3666. (2232) 


ES o 
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BIRKBECK COLLEGE 
{UNIVERSITY OF LONDON) 
DEPARTMENT OF ZOOLOGY 

M.Sc. DEGREES FOR PART-TIME 

STUDENTS 

N 


ENTOMOLOGY 
AND IN 
COMPARATIVE PHYSIOLOGY 


Fach Course extends over a period of two 
calendar years and involves attendance on three 
evenings each week during term. Examination is 
by written papers and course assessment. 

Full details may be obtained from The Secretary. 
Department of Zoology, Birkbeck College. Malet 
Street, London WCIE 7HX, to whom application 
should be addressed. (2293) 


tir rein Sonate iam yaman tht A tiara mandanam i iy aka nra AAR AT, 


WYE COLLEGE 
(UNIVERSITY OF LONDON) 
PLANT BREEDER 

Applications are invited for a temporary appoint- 
ment as Assistant Plant Breeder in the Hop Re 
search Department. 

The Department undertakes research on must 
aspects of the hop crop and the plant breeding 
section is engaged in meeting the urgent needs of 
the industry for varieties of improved brewing 
value combined with disease and pest resistance. 

The successful applicant will be expected to 
assist with all aspects of the breeding programme 
but to concentrate on the nature and inheritance 
of disease and pest resistance and to undertake 
some cytological work. There will be every oppor- 
tunity for undertaking a higher deerec. 

The appointment will be in the S.O. (£1,707 to 
£2,329) or H.S.O. (£2,221 to £2,854) grade accord- 
ing to experience, and will be for four years. 
There will be a non-pensionable allowance of 44% 
of gross salary to offset contributions to the Super- 
annmuation Scheme operated under the FSS U 

Candidates should have. or expect to have, a 
good Honours degree but postgraduate capertence 
is pot essential, 

Applications, naming two referees ta the Secre- 
rary ON), Wye College, Wye, Ashford, Kent TN23 
SAH. by June 30. 1974. (2294) 





UNIVERSITY COLLEGE, CARDIFF 
RESEARCH ASSISTANTSHIPS 
IN THEORETICAL 
ASTRONOMY 


Applications are invited from suitably quah- 
fied candidates for two S.R.C., Research 
Assistantships: one for work on Relativistic 
Astrophysics and one for work on Interstellar 
and Intergalactic Grains. Salary Range: £2,118 
to £2247. Duties to commence as soon as 
possible, Closing date is two weeks from the 
appearance of this advertisernent. 

Applications. together with the names and 
addresses of two referees, should be for- 
warded to The Registrar, University College. 
P.O. Box 78, Cardiff CFI IXL. Please quote 
ref. O582. (2288) 





UNIVERSITY OF IBADAN 
NIGERIA 
Applications are invited for the following posts 


in the DEPARTMENT OF AGRICULTURAL 
ECONOMICS AND EXTENSION:-— 


i. SENIOR LECTURER IN RURAL DEVE- 
LOPMENT AND AGRICULTURAL POLICY.” 


Applicants should be Agricultural Economists 
with emphasis on Rural Development and Agri- 
cultural Policy. They should have a Ph.D. In 
Agricultural Economies with a sound background 
of economic theory and its application to rural 
development and agricultural policy. They sheuld 
aiso possess proven ability to undertake and 
direct comprehensive research in rural integrated 
development. 


2. SENIOR LECTURER IN AGRICULTURAL 
PRODUCTION ECONOMICS AND ECONO. 


METRICS. Applicants should specialise in the 


field of Agricultural Production Economics and 
Econometrics. They should have a Ph.D. with a 
major in Production Economics and a minor in 
Agricultural Statistics and/or Econometrics. The 
appointee should be able to supervise ex peri- 
mental designs for graduate research in the 
Faculty. 

Salary scale: N5.030 to N5.750 pa, (£1 sterling 
=N147). The British Expatriates Supplementa- 


tion Scheme is unlikely to be applied to these — 


appointments. F.S.S.U. Family passages; various 
allowances; regular overseas leave. Detailed 
applications (2 copies), including a curricufair 
vitae and naming 3 referees, should be sent by 
air mail, not later than fst July, [974, to the 
Registrar, University of Ibadan, Ibadan, Nigeria. 
Applicants resident in UK. should also send i 
copy to Inter-University Council, 90/91 Totten- 
ham Court Road, London, WIP ODT. Further 
particulars of these appointments may be obtained 
from either address. (2312) 
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SUDAN wasn OLA fac 
Applications are invited for (a) READERSHIP SWISS FEDERAL INSTITUTE OF TEC tne eT, ee 
_or (b) SENIOR LECTURESHIP IN THE DEPART- ZURICH (SWITZERLAND) 


l MEST OF En ne ce J ees 
able for one year only. Salary scales: (a} £83, i SARI IT. E 
p.a. (b) £52,400 to £52,800 p.a. (£1 sterling- £80.77). (EIDGENOSSICHE TECHNISCHE HOCHSCHUL 
The British Government. (or similar arrangement k 

oa be singe os TAE as of sees |. ee 
cturer by £1,600 pa. (sterlse) for marrje P f f E rity 
appointee or £900 pa. (sterling) for single ro essor o Xperi $ i Sa 
appointee (normally gli tax}. The supple- z : 
mentation for Reader's salary will be determined | N ] Ph P 
when an appointment is prade at that level. These uc ear YSICS 
supplementation rates are currently under review. 

There may also be provision of children’s educa- 








tion allowances and holiday visit passages. Family $ Applications are invited for the above appointment 
passages: various allowances; superannuation i . i oe mra 
scheme; annual overseas leave, Detailed applica- commence on April 1, 1975 or by arrangement. The profe 
tions (2 copies), including a curriculum vitae nd f be expected to carry out teaching and research in expe 
naming 3 referees, should be sent by air mail, not Ẹ ; ‘ . ny hi sis aa 
later than Pie ae sie to the personae! secre: . nuclear physics and to take part in the general teaching progran 
tary, University of Khartoum, P.O. Box ; a . 
ae nue Applicants sateen UK. of the Physics Department. 
shoul also send i copy to Inter-University +4, : p Sank ano a 
Council, 90/91 Tottenham Court Road, London Candidates are requested to send their applications with 
Cee ee ee curriculum vitae, and list of scientific publications (and names of 
Lite cei references) not later than June 30, 1974 to: The President, 
UNIVERSITY OF KHARTOUM Eidgenössische Technische Hochschule Zurich, CH-8006 5 l 
SUDAN Switzerland. (Zz; 


Applications are invited for the post of 
SENIOR TECHNICIAN IN THE DEPART- 
MENT OF PHYSIOLOGY. Candidates should 
hold A.ILM.L.T. Salary scale: £81,250 to £51,500 
pa. (£1 sterling=£80.77), The British Govern- 
ment may provide a supplement to the: salary, 
the amount to be determined when an appoint- 
ment is made. This supplementation is normally 
free of ali tax. There may also be provision of 
children’s education allowances and holiday visit 
passages. Family passages; various allowances; 
Superannuation scheme; annual overseas . leave. 
Detailed applications (2 copies), including a 
curriculum vitae and naming 3 referees, should 
be sent by air mail, not later than June 27, 1974 
to the Personnel Secretary, University of Khar 
toum, P.O. Box 321, Khartoum, Sudan. Appli- 
cants resident in U.K. should also send 1 copy 
to Inter-University Council, 90/91 Tottenham 
Court Road, London, WIP ODT. Further particu- 
lars may be obtained from either address. 

















(2304) 

GER a Oe ae The present Executive Secretary of the Australian Academy 
CHRISTCHURCH | Science, Mr J. Deeble, shortly takes up the post of Director of 
VISITING LECTURER IN | Special Projects. The Academy therefore invites applications for the 
CHEMISTRY post of Executive Secretary. The appointee will be responsible to 
Gis ts Chee Ge ee the Council, through its Officers, for the conduct of the business 
PBe n 1973. 1 amice hat” me | Of the Academy. Applicants should have a background in science 
ps bce Oe eee se and ability and experience in administration. General ODAO 
particular, feld of Chemistry. The emotument for is available el a be ne 5 a Academy. ai i 
tying a Wace e a E information wi e furnisne y tne secretaries on IPP CRO TE 

decided, due account will be lke of the the address below. 


appointee’s travel costs. . - i : atten fiag 
Further particulars and Conditions of Appoint- Salary will be In the range Reader 19 Professor ý Australian 


ment may be obtained from the Secretary-General, j itie 9 er annum i 
Association of Commonwealth Universities Universities (currently $A 16,389 to $A] 614 P ) 














Pe ee eee, Hendon, WEIN Applications should be forwarded to the Secretaries, Australian 
Applications close on September 1, 1974, Academy of Science, P.O. Box 821, Canberra City, A.C.T. 2601, 
7 ee Aik: Australia. They should include a detailed curriculum vitae and the 
UNIVERSITY OF OTAGO | names of at least three referees. The closing date is July 5, 1974. 
DUNEDIN, NEW ZEALAND (2322) 


LECTURER OR SENIOR 
LECTURER IN PHYSIOLOGY 
Applications are invited from Medical or Science 
Graduates: for appointment as Lecturer or Senier 
Lecturer in Physiology. Preference will be given 


lyte physiology, but those with interests in aa | ST. MARY’S HOSPITAL 


fields will be considered. 3 f 
T co NES13,107 nee atu ey OS MEDICAL SCHOOL 


at NZ$10,836 per annum: Senior Lecturer--A 
scale from NZ$13,485 to NZ$15.$28 per annum, (University of London) 


Science Graduate: Lecturer—-A seale from 


NZ$6,753 to NZ$8,568 per annum: Senior n | 5 
Lecturer-~A scale from NZ$8,718 to NZSI1. ino of Paddington, London W2 1PG 
per annum. 7 





_ Further information may be obtained from the Applications are invited from candidates with Ist or 2nd Class Honours 
Secretary-General, Association of Commonwealth. $ 


Universities (Appts), 36 Gordon Square. London Degree in Biochemistry or treet discipline wishing to work for a Ph.D. 
aom oer. or from the Registrar of the Uni- for three studentships for training in research methods in Pharmacological 
versity, Additional detailed information may be. n; ei ard. : , stiatinns 
obtained from Professor J. Ro Robincon. Departs. Biochefnistry. These awards will be governed by the M.R.C. regulations. 
ment of Physiology, University of Otago Medical Apply with curriculum vitae and names of two referees to Professor R. T, 


School, P.O. Box 913, Dunedin, New Zealand. Williams, Department of Biochemistry. (2326) 
Applications close in London and in New 
Zealand on July 31, 1974, (2 308) 





WESTFIELD COLLEGE 
(UNIVERSITY OF LONDON) 
LECTURESHIP IN ZOOLOGY 


Applications are invited for a lectureship in the 
Zoology Department which it is anticipated will 
become established with effect from October 1, 
1974. The post will be for three years in the first 
instance and an appointment will be made on ane 
of the three lowest points on the lecturer scale 
£2,118, £2,247, or £2,412 plus £162 London Allow- 
ance. Applicants should have an experimental 
approach involving the study of whole animals in 
relation to their environment & should be capable 
of contributing to the teaching programmes in 
Cell-Biology or environmental science. Applica- 
tions (6 copies) should be sent as soon as possible 
and not later than June £8, 1974, giving the 
names of two referees to Dr J. Buckingham, 
Personnel Officer, Westfield College (N), Kidder- 
pore Avenue, Hampstead, London NW3 7ST. 
Applicants quoting overseas referees should ask 
them to submit references immediately and with- 
out further intimation. (2302) 


ee ME re See Coen see ee ye ee meg ANG 


UNIVERSITY OF KHARTOUM 
SUDAN 


_ Applications are invited for the following posts 
in the Department of Clinical Studies, Faculty 
of Veterinary Science:— 


1. SENIOR LECTURER OR LECTURER IN 
VTERINARY OBSTETRICS AND GYNAE- 
COLOGY. Candidates should hold a first in 
Veterinary Medicine and a higher degree in 
Obstetrics and Gynaecology, and have at least 
three years’ teaching and practical experience. 
Appointee will teach Veterinary Obstetrics and 
Gynaecology to students and participate in 
hospital work and research. 


2, SENIOR LECTURER OR LECTURER IN 
VETERINARY SURGERY. Candidates should 
hold a higher degree in Veterinary Surgery and 
at least two years’ teaching experience at univer- 
sity level. Duties will be: teaching Veterinary 
Surgery, including Anaesthesia, to final and sub- 
final year students; doing research in the Depart- 
ment; supervision of postgraduate students for 
higher degrees; participation in clinical and 
surgical work in connection with the University 
Veterinary Clinic. 

Salary scales: Senior Lecturer £52,400 to 
£82,800 p.a.; Lecturer £51,500 to £52,300 p.a. 
(£1 sterling £80.77). The British Government 
may supplement salaries in range £1,300 to £1,600 
p.a. (sterling) for married appointees or £800 to 
£960 p.a. (sterling) for single appointees (normally 
free of all tax) and provide children’s education 
allowances and holiday visit passages. These 
supplementation rates are currently under review. 
Family passages: various allowances, superannua- 
tion scheme; annual overseas leave. Detailed 
applications (2 copies), including a curriculum 
vitae and naming 3 referees, should be sent by 
air mail, not later than June 27, 1974 to the 
Personnel Secretary, University of Khartoum, 
P.O. Box 321, Khartoum, Sudan. Applicants 
resident in U.K. should also send 1 copy to Inter- 
University Council, 90/91 Tottenham Court Road, 
London, WIP ODT. Further particulars may be 
obtained from either address. (2303) 





MASSEY UNIVERSITY 
PALMERSTON NORTH, NEW ZEALAND 


SENIOR LECTURER/LECTURER 
IN VETERINARY PUBLIC 
HEALTH AND MEAT HYGIENE 


Applications are invited from veterinary graduates 
for this new post in the Department of Veterinary 
Pathology and Public Health. Applicants should 
have an interest in this challenging and increasingly 
important sphere of veterinary science. Although 
experience in some facet of this discipline, which 
includes meat hygiene as an important component, 
is desirable, a recent graduate would be considered. 
Such a latter appointment would be in the lower 
scale of the lecturer range and the appointee would 
be given the opportunity to undertake further study. 

The successful applicant will be required to assist 
im the teaching of veterinary public health and meat 
hygiene to both undergraduate and postgraduate 
students, and to develop research in appropriate 
fields of study. The position involves close co- 
operation with workers in related disciplines both 
within and outside Massey University. The particular 
interests of the department include basic epidemi- 
ology, meat hygiene and food born diseases and all 
aspects of zoonoses and general public health. 

Present salary scales are: Lecturer NZ$6,753 to 
NZ$8,568; Senior Lecturer NZ3$8,718 to NZ$10,232 
(bar) $NZ11,139. 

Further details of the position and of the Uni- 
versity, together with the general conditions of 
appointment may be obtained from the Secretary- 
General, Association of Commonwealth Universities 
(Appts), 36 Gordon Square, London WCIH OPF, 
or from the Registrar of the University. 


Applications close on July 15, 1974. (2309) 
+ 























FOUNDATION 


An independent advisory and grant- 
giving body, invites applications from 
graduates in Food Science or Tech- 
nology or Nutrition for the post of 
Scientific Information Officer. Salary 
negotiable, but up to £2,750 depend- 
ing on experience. Particulars of the 
duties may be obtained from the 
Director-General of The British Nutri- 
tion Fotindation, Alembic House, 93 
Albert Embankment, London SE! 
ITY, by whom applications, including 
particulars of career and the names 
and addresses of two referees, should 
be received not later than June 28, 
1974. (2300) 


AUSTRALIAN NATIONAL 
UNIVERSITY 
Applications are invited for the following: 
RESEARCH SCHOOL OF 
SOCIAL SCIENCES — 
RESEARCH FELLOW 
DEPARTMENT OF STATISTICS 
applicant will be expected to 
probability and statistics. 
members of the depart- 
zgometrical probability, 
inference. Head 
P. Moran. 


The successful 
engage in research in 
The interests of present 
ment are in time series, 
random processes and statistical 
of the Department is Professor P. A 
Closing date: July §, 1974. 


RESEARCH SCHOOL OF 
BIOLOGICAL SCIENCES 
DEPARTMENT OF DEVELOPMENTAL 
BIOLOGY 


Appointees to the following posts will work in 
a research group headed by Professor Brian 


Gunning. 
RESEARCH FELLOW 
The proposed field of study is the analysis of 
developmental processes in plant cells, especially 
algae, using ultrastructural methods in conpuncuion 
with additional experimental approaches. 


RESEARCH ASSISTANT 

Applicants should have a degree in a life science, 
an interest in plant cell biology, and = preferably 
some experience of electron microscopy. The work 
will involve assistance in the work of the group 
by means of laboratory and library research. 
Closing date: July 12, 1974. 

Salaries: Salary on appointment to the posts 
will be in accordance with qualifications and ex- 
perience within the ranges: Research Fellow 
$48,698 to $ALI.901 pa., Research Assistant Grade 
1 $A4,394 to $A6.250 pas Research Assistant 
Grade 2 $A6,247 to $A7.846 p.a. Current exchange 
rates are approximately SAI=$0S81.49. 


Other Conditions: Tenure: Research Fellow 
normally for three years in the first instance with 
the possibility of extension to a maximum of five 
years; Research Assistant initially for a period of 
two years. 

Reasonable travel expenses are paid and assist- 
ance with accommodation is provided for an 
appointee from outside Canberra. Superannuation 
(where applicable} is on the F.S.S.U. pattern with 
supplementary benefits, 

Travel expenses from overseas {except New 
Zealand) are not paid for posts at the level of 
Research Assistant but assisted passage can be con- 
sidered for a person offered appointment from the 
United Kingdom who intends to settle permanently 
in Australia. 

The University reserves the right not to make an 
appointment or to make an appointment by im- 
Vitation at any time. 

Prospective applicants should write to the Asso- 
ciation of Commonwealth Universities (Appts), 36 
Gordon Square. London WCIH OPF, for further 
particulars before applying. (2310) 





UNIVERSITY OF EAST ANGLIA 
SCHOOL OF CHEMICAL SCIENCES 


Applications are invited for a S.R.C. Post- 
Doctoral Research Assistantship for one year in 
the first instance from 1 October 1974, to work 
on the magnetic circular dichroism of matrix- 
ésolated molecules. A novel apparatus for this 
purpose has recently been constructed and is now 

erational. The investigation is to be extended to 
the study of the magnetic and optical properties 
of gunstable molecules generated photochemically. 
Salary will be on a scale starting at £1929 per 
anunm plus F.5,8.U., accordifig to previous 
experience. m 

Applications as soon as possibl@ either to Dr. 
R. Grinter or Dr.e A. J. Thomson, Schoo] of 
Chemical Sciences, University of East Anglia, 
Norwich, NOR gsc. (2296) 

















UNIVERSITY OF STRATHCLYDE 
DEPARTMENT OF 
NATURAL PHILOSOPHY 
LECTURESHIP 


Applications are invited from experimental 
physicists preferably with research €x- 
perience in plasma/laser physics. 

The successful candidate will be required 
to take part in undergraduate teaching and 
to pursue research in his field of interest. 

Salary scale £2,118-£4,896 (ist October, 
1974) with placing according to qualifica- 
tions and experience. F.S.S.U. benefits. 

Application forms and = further particulars 
(quoting 23/74) may be obtained from the 
Registrar, University of Strathclyde, Royal 
College Building, 204 George Street, 
Glasgow, GI IXW with whom applications 
should be lodged by 17 June, 1974. (2316) 





























UNIVERSITY OF GLASGOW 
DENTAL HOSPITAL AND SCHOOL 
RESEARCH ASSISTANTSHIP IN 

BIOCHEMISTRY 

Applications are invited for a RESEARCH 
ASSISTANTSHIP in BIOCHEMISTRY, tenable 
for a period of three years from September or 
October 1974. 

Candidates should have an Honours Degree in 
Biochemistry or an allied subject. There will be 
an opportunity to apply to register for a higher 
degree, 

The work will involve a study of salivary 
proteins with a view to correlating abnormalities 
with pathological disorders. The project is financed 
by a gtant from the Scottish Home and Health 
Department. 


Salary Scale £1,500 to £1,650 per annum. 
F.S.S.U. 
Applications, including curriculum vitae and 


names of two referees, should be sent to Dr. J. A. 
Beeley, Department of Dental Biochemistry. 
University of Glasgow Dental School, 378 
Sauchiehall Street, Glasgow, G2 312Z, from whom 
further information may be obtained. (2298) 








UNIVERSITY OF IBADAN 
NIGERIA 

Applications are invited for the posil of 
READER IN PHYSICAL BIOCHEMISTRY OR 
MICROBIOLOGICAL CHEMISTRY in the De- 
partment of Biochemistry. Applicants should hold 
a research doctorate and have several years 
academic experience. Salary: N6,100 p.a. {£l 
sterlinga N1,47). The British Expatriates Supple- 
mentation Scheme is unlikely to be applied to this 


appointment, F.S.5.U, Family passages; various 
allowances: regular overseas leave. Detailed 
applications (2 copies) including a curriculum 


vitae and naming 3 referees, should be sent by 
air mail, not later than Ist July 1974 to the 
Registrar, University of Ibadan, Ibadan, Nigeria. 
Applicants resident in U.K. should also send 
1 copy to Inter-University Council, 90/91 Totten- 
ham Court Road, London, WIP ODT. Further 
particulars of these appointments may be obtained 
from either address. (2307) 








UNIVERSITY OF MANCHESTER 
DEPARTMENT OF PHYSICS 


Eighteen months postdoctoral appointment for 
research on photophysics of aromatic hydrocarbons 
at Synchrotron Radiation Facility, Daresbury. 
Apply Dr S5. Hamilton, Manchester pe Ae 
(232 i 


{Phone 061-273 3333) as soon as possible. 





UNIVERSITY OF CAPE TOWN 
SOUTH AFRICA 


SENIOR LECTURER IN 7 
DEPARTMENT OF MICROBIOLOGY 


Applications invited for above post at University 
of Cape Town. Salary commensurate with Senior 
Lectureship status and local conditions. Starting 
salary dependent on qualifications, which should 
include experience in Virology or Immunology. 

Full details on request. 

Submit resumé and names 
references to: 

Registrar, University of Cape Town, Private Bag, 

Rondebosch, Cape Towa, South Africa. — . 

Closing date July H, 1974. (23173 


and addresses at 

















































required for investigation concerning regulation of 
gastrointestinal fluid transport. im. experimental! 
animal and man, financed by The Wellcome Trust. 
_ Applicants should be science graduates with some 
“postgraduate laboratory experience. The post is 
tenable for up to three years from a date to be 
arranged. The work would be suitable for a higher 
Science degree, Initial salary £1,929 a year, rising 
223 a year, subject to limitation if the person 
si registers for a higher degree, Further 
lars from the Registrar and Secretary, The 
wt ty, Sheffield 510 ZTN to whom applications 
shouldbe senti by June 21, 1974. Please. quote 
reference -RSS/G. (2328) 














BEDFORD COLLEGE 
(UNIVERSITY OF LONDON) 
RESEARCH ASSISTANT 

z 1n 


ZOOLOGY 


ch Assistant required to work under a 
hri ar NRC. grant on the neurophysiplogy 
ang behaviour associated with limb shedding in 
crabs. a i 

Applications are invited from recentiy qualified. 
or soon. to be qualified graduates, who have. had 
experience in neurophysiology and routine miero- 
scopy. The work will involve visits to a marine 
laboratory. The appointment will date from October 
1, 1974, Salary scale £1,500 by 2/87 to £1,674 pia. 
| Applications quoting names of two referees, to: 





parcel ames penne: Bedford College, 
Regent's Park, London NWI 4NS. (Tel. 061-486 
4406, Ext. 312). Do 


(2327) 


e 





THE ANIMAL HEALTH TRUST. 
EQUINE RESEARCH STATION. NEWMARKET 
CHEMIST/BIOCHEMIST 


Applications are invited for the post of research 
assistant in the laboratory for chemical pathology 
to undertake research into the basic chemical 
pathology of the thoroughbred racehorse. 

The post is for three years in the first instance 
and is suitable for a graduate in biological sciences 
wishing {to work for a higher degree. Salary on 
scale £1,560 to £1,704 per annum with F.S.S.U 
benefits, l l 

Further details and application forms are avail- 
able from the Chief Executive Officer, The Animal 
Health Trust, 24 Portland Place, London WIN 
4HN. (2330) : 
trate nrg eco 


ROYAL STATISTICAL SOCIETY 
LIBRARIAN 


The Royal Statistical Society invites applications 
for the post of Librarian. Candidates should be 
Chartered Librarians, will be expected to have had 
considerable experience of library work, preferably 
mi the statistical or analogous fields t 
required to take over the duties of 
Librarian within a year. 











the present 


The Library is situated near Manchester Square 


and other staff are employed, 


Starting salary in accordance with age and ex- 





perience. 
: Applica 
Statistical Society. 2] 
WIM SAR. 








within a competitive Salary scale. 


(2331) 





MEDICAL RESEARCH COUNCIL 


An adequately qualified technician required 
to work in the Virology Laboratory of the 
Laboratory Animals Centre 
Woodmansterne Road 
Carshalton, Surrey 


The position calls for an experienced per- 
son with the ability to adapt and/or devise 
techniques for incorporation into a compre- 
hensive routine for the diagnosis of disease 
im a wide range of laboratory animals, mainly 
using serological procedures, 

The ability to work on his own initiative 
and with a minimum of supervision calls for a 
high level of self-starting and self-maintaining 
potential. 

i For the right person, this could be a most 
rewarding position in a litth known but ex- 
minding field. 

Salary scale ranging from £1,440 to £2,292 
plus London Weighting. 

Application forms available from the Chief 
Yechnician’s Office or telephone 01-643 8000. 

(2333) 


and wil] he 


tinis in writing to the Secretary, Royal. 
Bentinck Street, London 


Cambridge CB2 3DY. 









Applications are invited for the post of 










SALARY: £2,700 to £3,474 p.a 







t Rumford Place, Liverpool, L3 9RH. 


THE QUEEN’S UNIVERSITY 
OF BELFAST 


SENIOR EXPERIMENTAL 
OFFICER IN ELECTRON 
MICROSCOPY 


Applications are invited for the 
post of Senior Research Officer in 
Electron Microscopy in the Depart- 
ment of Pathology, Candidates should 
have a University Degree or equi- 
valent qualification in a relevant 
scientific subject. Extensive experience 
is required in the conduct and 
management of an Electron Micro- 
scope Laboratory including all aspects 
of maintenance and service. Research 
experience in the structure of bio- 
logical materials would be an ad- 


vantage and the appointee will be 
expected to conduct research on the 
nature of connective tissue and to 


collaborate in other University re- 
search programmes. The appointee 
will take part in the provision of 
diagnostic services to the Royal 
Victoria and City Hospitals under the 
direction of Professor Gardner. The 
post will carry a limited under- 
graduate teaching commitment. The 
salary scale is £2,736 to £3,708 (under 
review) plus F.S.S.U. Initial placing 
on the scale will depend on qualifica- 
tions and experience. Application 
should be made in writing, giving 
details of qualifications and ex- 
perience and the names of two 
referees, to the Personnel Officer, The 
Queen’s University of Belfast, Belfast 
BT7 INN, Northern Ireland, by June 
30, 1974, (2325) 








FELLOWSHIPS AND STUDENTSHIPS 





UNIVERSITY OF CAMBRIDGE 
DEPARTMENT OF ANATOMY 
BEHAVIOUR OF NON HUMAN 
PRIMATES 
RESEARCH STUDENTSHIP available for study- 


ing the effects of hormones on the behaviour of 
non-human primates. X 
University’s regulations for research students, Appli- 


Acceptance subject to the 


cations {with the names of two referees) to Dr J. 
Herbert, Department of Anatomy, Downing et 
(2127) 


wer 


RESEARCH STUDENTSHIP 


Applications are invited for a three-year research 
studentship to study aspects of the vitamin require- 
ments of the Golden hamster (Mesocricetus auratus). 
Applicants should have or expect to attain this 
summer, first or upper second class honours degree 
in nutrition, or a relevant biological discipline. Thee 
successful candidate who will register for further 
degree. will receive a grant plus a small] travel a 
book allowance, amd fees will also be paid. 

Applications with names of two referees and 
short eurriculum ygitae should be made to Dr. D. J. 
Ford, Medical Research Council, Laboratory 
Animals Centre, Woodmansterne Road, Carshalton, 
Surrey SMS 4EF, from whom further details may 
he obtained. + (2019) 

e 


LIVERPOOL POLYTECHNIC 
DEPARTMENT OF BIOLOGY 
LECTURER GRADE II IN PHYSIOLOGY 


Applicants should have an interest in the Environmental Aspects of Animal Physic 
have a good Honours Degree and have pursued a research problem to the level of PROD. 
Teaching or Industrial/Research station experience would be of advantage. The sue Pal 
candidate will be expected to teach to Honours Degree level, to contribute to the ps 
graduate teaching programme and to undertake research. 


Details available from Staff Office, Dept. N, Liverpool Polytechnic, 























Lecturer Grade If in Anima] Physiology- 





Richmone 



















NATIONAL INSTUTL 
AGRICULTURAL ENGI 
SCOTTISH STATI e 
ABSTRACTOR /LIBRASIAN 
Abstractor/Librarian required by ggo 
cultural Research Insiitute to run meai 
library, provide scientific information and. 
abstracting service to staff, arrange transia- 
tion of scientific papers, etc, 
The appointment wil be 
Scientific Officer Grade, salary. 
£2,221 to £2,854 by eight ann 
Further details and applica 
the Secretary, MLA. E., 
Bush Estate, Penicuik, Af 
OPH, to whom completed | 
returned by June 21, 1974. 


Me Bee 


















& 



















Applicants should be available to i 
post by the beginning of August [974 | 
wil be given to candidates with am f 
experience in the field of Herpetalogy.. 
be by arrangement according to age, quaimeac 
and experience. 

Applications with a full curricuhim vita 
names of two referees should be sent ineme 
to the Secretary, Animal Ecolowy Research © 














Department of Zoology, South Parks Read, iis 
OXI 3PS. 







fi, 
f Bt 
ihh 


hie 
animals seeks science graduate with Imine 
to assist with P.R. work. Hterature searching 
and abstracting. The post is challenging aad 
offers great scope to anyone seeking 4 re 
warding job with a real sense of purpese. For 
further details write to: The Seoretary, 
FRAME. (Fund for the Replacement of 
Animals in Medical Experiments), 312 
Worple Road, London SW20 8QU. Gug 













THE SCHOOL OF PHARMACY 
UNIVERSITY OF LONDON 
DEPARTMENT OF PHARMACOLE 







i y, 29/9 
Brunswick Square, London WCIN 1AK. (Gir 





AUSTRALIA p 
POSTDOCTORAL FELLOWS 


Solid state physicist with experim 
theoretical experience in semiconductors to i 
solar energy project on photovoltaic cels wing 
organic materiais. Sa 

Salary in range $A8,698 to $A14,308 per annati, 
pilus 10% superannuation. v. 

Start early 1975. Appointment 1 year, renewabic, 
maximum 3 years. 

Write to Professor L. E. Lyons, Department af 
Chemistry. University of Queensland, St. baniz, 
Brisbane, Queensland 4067, Australia. {2219} 


UNIVERSITY OF QUEENSLAND 














Faculty of Science: 


Research 
Studentships 


Applications are invited for studentships 
tenabie from September 1974 on the 
following research projects: 


SRC Case Studentships 

(with Shell Research) 

Insect acetylcholine receptor molecules. 
Plant cell plasma membranes. 


(witk Koch-Light Ltd) 
Non-aqueous applications of water- 


insoluble enzymes. 


Biospecific absorbents. 
High speed gel permeation chromatography. 


Industrial Studentships 
Affinity chromatography. 
Solid phase synthesis, 


Applicants should normally hoid by 
September appropriate honours degrees or 
equivaient professional qualifications. 
Applications (curriculum vitae and names of 
2 referees) or requests for further 
information to the Establishment Officer, 
The Polytechnic, Wolverhampton WV1i IDLY. 





(2212) 


UNIVERSITY OF SALFORD 
Department of Pure and Applied Physics 


Research Studentships 


Applications are invited from candidates holding or expecting to obtain 
shortly an honours degree or equivalent qualification in an appropriate 
discipline, for research studentships leading to higher degrees. The current 
value of the awards, normally tenable for 3 years, is £695 pa, plus approved 
fees. Research studentships are available for: 

1. An investigation of thermal characteristics of transition metal oxide 
switching glasses, in collaboration with Standard Telecommunication 
Laboratories Ltd., Harlow. This is an S.R.C. (C.A.S.E.) award, 

2. Investigations of thermoelastic properties of carbon fibre reinforced 
composites, in collaboration with the Royal Aircraft Establishment, 


Farnborough, 


Further details of these and other research awards may be obtained 
from the Registrar, Room 102, University of Salford, Salford M5 4WT, 
quoting reference Nat/86. Informal enquiries may be made to Professor 
R. R. Birss, Chairman of the Department of Pure and Applied Physics, 


University of Salford, Salford MS 4WT. 





UNIVERSITY OF LIVERPOOL 
RESEARCH STUDENTSHIP IN 
BIOCHEMISTRY 


Applications are invited for an S.R.C. Research 
Studentship to study some aspects of Affinity 
Chromatography. Applicants should hold ar expect 
to receive a good honours degree in Biochemistry 
and will be encouraged to submit for a higher 
degree. 


Applications, stating age, qualifications and ex- 
perience, together with the names of two academic 
referees, should be sent to the Registrar, The 
University, P.O. Box 147, Liverpool L69 3BX. 
Quote ref. RV/N/276050. (2265) 


+ 


efor 


(2239) 


UNIVERSITY OF SOUTHAMPTON 
DEPARTMENT OF PHYSIOLOGY AND 
BIOCHEMISTRY 


RESEARCH STUDENTSHIPS 


Applications are invited from graduates, or from 
those who expect to graduate this summer, for 
Research Studentships to undertake research work 
higher degrees. The Department has a wide 
research interest in several areas of physiology and 

achemistry. 

Further details and application forms obtainable 
from Postgraduate Admissions Office, Department 
of Physiology and Biochemist@. Medicaé and 
Biological Scienceg Building, The University of 
Southampton, Bassett Crescent East, Southampton 
S09 3TU. (2211) 


THE QUEEN’S UNIVERSITY 
OF BELFAST 
DEPARTMENT OF 
INDUSTRIAL CHEMISTRY 


Post Graduate Studentships 


Applications are invited for the 
above studentships which are tenable 
for three years. The topics of research 
include: Studies in the crosslinking 
reactions of proteins related to nutri- 
tion; Oxidation reactions in the 
bleaching of cellulosic fibres; Studies 

in the depolymerisation of polypro- 
pylene in the recycling of waste 
materials; Chemical engineering 
studies related to the drying of 
fabrics; Physico-chemical studies of 
the dyeing mechanisms of protein 
fibres. 

Post graduate studentships are 
normally valued at about £700 p.a. 
plus fees. 

Applicants should have an honours 
degree in chemistry, biochemistry or 
chemical engineering (or equivalent 
professional qualifications). Applica- 
tions should be received by August I, 
1974. Further details from Professor 
R. S. Asquith, Department of in- 
























dustrial Chemistry, The Queen’s 
University of Belfast, Belfast 9. 
(2324) 


UNIVERSITY OF GLASGOW 

Department of Natural Philisophy 

RESEARCH FELLOWSHIP 
Solid State Physics Group _ 


A postdoctoral research fellow is required to 
join a group concerned with structural studies 
of the surface of liquids by high energy reflection 
electron diffraction. At a later date this work 
may be extended to investigations of solid state 
surface phenomena, Experience of UHLY 
and/or electron diffraction methods 
desirable but not essential. 

Salary scale for the post will normally be 
within the range £1,929 to £2,223 per annum 
according te age and experience. Tenure two 
years on appointment with possible renewal for 
a further year. F.S.S.U. benefits. 

Applications stating age, academic qualifica- 
tions, research experience and the names of two 
referees should be submitted not later than June 
28, 1974, to Professor R. P. Ferrier, Department 
of Natural Philosophy, University of Glasgow 
Gi2 ROQ. In reply please quote Ref. No. ar 

{2234} 


would be 


UNIVERSITY 
OF DUBLIN 


Trinity College 





Post-Doctoral Fellowship 
in the 
Department of Genetics 


As part of the Commission of the 
European Communities Environmental Re- 
search Programme a team is being assembled 
to develop a European Mutagenicity and 
Carcinogenicity Test System using mice and 
micro-organisms. 

A post-doctoral fellow is required to 
develop suitable strains of mice and to use 
these for testing the mutagenicity of actual 
and potential carcinogens: a knowledge of 
mouse genetics is desirable. 


The starting salary will not be fess than 
£2,006 per annum and applications, naming 
2 referees, should be sent to: 

Professor G. W. P. Dawson, 
Department of Genetics, 
Trinity College, 
DUBLIN 2. 
(2319) 









249 June 7 1974 


OYAL FREE HOSPITAL SCHOOL 
© OF MEDICINE 
DEPARTMENT OF BIOCHEMISTRY 
/” AND CHEMISTRY ; 

ations are invited from graduates with 
-upper 2nd class Honours degree in 
wy. or other relevant subject, or from 
duating this year, for an S.R.C. 
Studentship tenable from October 1, 
ding to a higher degree in the University 














referees, should be sent as soon as possible to 








reply please ‘quote Ref. No. 3471M. 





POLYTECHNIC 
OF THE SOUTH BANK 





4 Borough 
(2318) 





UNIVERSITY OF 
‘BIRMINGHAM 


f 7 Department of Pharmacology 
x (Preclinical) and MRC 
Neuropharmacology Unit 


POSTGRADUATE RESEARCH 
STUDENTSHIPS 


Applications are invited for 2 re- 
search studentships supported by the. 
Medical Research Council, com- 
mencing on 1 October 1974. The re- 
search work of the Department and- 
Unit covers various aspects of the 
pharmacology of the central nervous — 
system with special reference to the 
mode of action of drugs, and there 
are opportunities for learning new 
techniques such as microiontopho- 
resis, radiochemical assay and zonal 
centrifugation. 


Applicants should have a ist or 
upper 2nd Class Honours degree in 
pharmacology, biochemi&try, physio- 
logy or related biological subjects. 

Applications, in writing to: 

Professor P. B. Bradiey, 
Dept. of Pharmacology 
(Preclinical), 
Medical School, 
Birmingham, 


BIS 2T) (2273) 










UNIVERSITY COLLEGE 
CARDIFF 


DEPARTMENT OF 
BIOCHEMISTRY 


RESEARCH STUDENTSHIPS AND 
TUTORIAL FELLOWSHIP 


Two C.A. S.E. postgraduate studentships 
are available from October | for the follow- 
ing projects: (a) Biosynthesis and function of 
hexadecaneic acid in higher plant ohloaro- 
plasis—supervised jointly by Dr J Har- 
wood (Cardiff) and Dr A. T. James (Unilever 
Lid.) tb} Techniques for the study of organ 
specificity as applied to the metabolism of 
druugs—-supervised jointly by Drs A. H 
Olavesen and ©. G. Curtis (Cardiff) and Dr 
















R. F. Collins (May and Baker Ltd.). Ref. 
O580, 
Tutorial Fellowship available as from 
























October 1. The successful applicant will be 
expected to participate in some of the teach- 
ing activities of the department and to under- 
take research on either enzymology or on 
dopamine metabolism. The appointment will 
be far three years and it will be possible to 
register for a higher degree. Salary for this 
appointment on the scale £1,311 to £1,392 
to £1,473 (under review). Ref. O580A. 


For all the above appointments an Upper 
Second Class Honours Degree or better will 
be required. 


Applications as soon as possible (and not 
later than June 30) to The Registrar, Uni- 
versity College, P.O. Box 78, Cardiff CFI 
iXL. Further information can be obtained 
from Professor K. S. Dodgson, Department 
of Biochemistry, (2289) 











UNIVERSITY OF DURHAM 
RESEARCH STUDENTSHIPS IN 
CHEMISTRY 


Funds are available to finance research student- 

ships in chemistry in the following arcas: 

G) Studies of some cyclic sulphony] imides. An 
investigation of the reactivity of some sulphur- 
nitrogen ring systems and their conversion 
ta compounds with potential application in 
bio-degradable agricultural products and 
polymers. 

Gi} Synthetic and mechanistic studies in the field 
of organic-fluorine chemistry. 


(ii) Electrochemical techniques for — organic 
synthesis. 
(iv) Inelastic neutron scattering in molecular 


spectroscopy. An investigation of some 
fibrational and = vibrational transitions of 
molecular systems, which are not infrared 
and Raman active, by inelastic neutron 
scattering spectroscopy. 

Project G) is supported by a C.A.S.E. student- 
ship, The equivalent of an upper second class 
honours degree or better will be required for all 
projects. For project (iv) a degree in physics or a 
joint honours degree in physics/chemistry or 
maths/chemistry is as  accceptable as one in 
chemisiry. 

Applications, with class of degree, or approxi- 
mate date of degree results, together with the 
names of two referees should be sent as soon as 
possible to Professor T. C. Waddington, Depart- 
ment of Chemistry, Science Laboratories. South 
Road. Durham DHI 3LE. (2208) 





ROYAL FREE HOSPITAL 
SCHOOL OF MEDICINE 
(UNIVERSITY OF LONDON) 


Applications are invited from graduates in 
Pharmacology or Physiology for a Research 
Fellowship (value £1,344 p.a.) in the Department 
of Pharmacology. Good research facilities are 
available in a variety of fields and experience 
in electron microscopy would be an advantage. 
The successful candidate will be eligible to 
register for a higher degree. Applications should 
be sent ta the School Secretary, 8 Hunter Street, 





London WCIN IBP. (2224) 
IMPERIAL COLLEGE 
DEPARTMENT OF CHEMISTRY 


Applications invited for two S.R.C. CASE. 
research studentships leading to Ph.D. and con- 
cerned with analytical chemistry in: 
1. Low-temperature luminescence  spectrometr# 

for determination of carcinogenic aromatic 
hydrocarbons in biological materials (in asso 
ciation with Huntingdon Research Centre). 

2. Single- and multi-channel quasi-linear lurfin- 

escence specfrometry for organic trace analysis 
(in association with Applied Research Lab- 

@tatories Limited), 

Normal condftions for S.R.C. studentships apply. 
Further information from an@ applications to Dr 
G. F. Kirkbright, Department of Chemistry. Im- 
perial College, London SW7 2AY. (2287) 






























Applications are | His 
graduates in Veterinary. 
or boking a go $: 
Science, and Om. 
ing to graduate thi 
S.R.C. Studeniships fo 
Methods, tenable at 
Veterinary Physiolagy 
Edinburgh. The major 
the neurosciences, espe 
physiology. An M 3e g 
neurophysiology. os 

Applications to Professe 
ment of Weterinary Ph 
of Edinburgh, Edinburgh, 








































UNIVERSITY OF GLASE 


RESEARCH FELLOWSHIP IN 
EXPERIMENTAL PHYSICS 
Applications are invited for a research . 
ship in experimental high energy p 
post is concerned with either the p 
work using the OMEGA spectrormne 
or meson photoproduction at. . 
with planning of experiments o 
Salary will be within the - 
£2,412 per annum of the new. 
scale which will be effective f 
1974, and the post will 4 
Applications 
possible giving full details of- 
experience and should be sent to 
Gunn, Department of Natural Philoss 
University of Glasgow, Glasgow, Cig | 
In reply please quote Ref. No. 347 











































UNIVERSITY OF Aj 
RESEARCH STUDEN 
MICROBIOLOGY 


Applications are invited from Mier 
Biochemists or Biologists with i 
pollution to investigate the ecology cf 
organisms within the estuary of (he Riy 

This research, which. is sponsored by gre 
Dr. N. J. Poole from letal Governreent 
Industrial Organisations, will be subteble for 
mission for the degree of Ph.D. The value of 
award will be similar to that of Research Cex 
Studentships. l 

Further particulara from the Uni of Bf 
biology, Department of Biochemistry. | 
of Aberdeen, Marischal College, Aberdeen. 
SAS. 

Applications {2 copies) should be 
June 29, 1974. 








kale 
a2 


Applications are invited from cam- 
didates with, or expecting te obtain 
in June 1974 a good honours degree 
for a Research ‘Studentship in - 
Chemistry. 


Molecular evolution 
Theoretical interpretation of 
‘other nucleus’ NMR shift 

Mechanisms of thermal eliminats : 
Unusual oxidation states of t 
transition metals. l 


The value of the award will b 
with appropriate additional alló: 
Further particulars and app 
forms may be obtained fron 
Higher Degrees Office, P.O. Box 49 
Milton Keynes, MK7 6AD. 


Please quote ref: CHEM/7. 
Closing date for receipt of 
applications: june 18. (2273) 


SE ocacaad 






_ UNIVERSITY OF WARWICK 
POSTDOCTORAL FELLOWSHIP 
IN BIOCHEMISTRY 


Applications are invited for a  Pastdoctoral 
Fellowship in Biochemistry, in the Department 
of Molecular Sciences, to work on the enzym- 
ology of the A T.P. ase (A.T.P. synthase) come 
pilex from yeast and E.Coli. Experience in enzyme 
isolation and/or protein chemistry would be an 
advantage, The appointment is for two years 
commencing Ist October 1974. Salary in the 
range £2,118, £2,247, 2,412 pa with F.S.S.U. 
Further details may be obtained from the 
Academic Registrar, University of Warwick, 
Coventry, CV4 7AL, to whom completed applica- 
tions should be returned by July 31, 1974. Please 
quote Ref. No. 44/Q/74, (2299) 

INIVERSITY OF ABERDEEN 
DEPARTMENT OF MEDICAL PHYSICS 

DEPARTMENTAL 

RESEARCH STUDENTSHIP 


Applicggions are invited, for above Studentship 
m the epartment of Medical Physics (Head, 
Professor J. R. Malard) from graduates in 
Chemistry or Physics. 

The research topic is study of light emitted 
during dissolution of irradiated solids and the 
applications of this effect. The studentship is sup- 
ported by the National Radiological Protection 
Board and its value is £695 per annum. 

Applications (2 copies) giving details of qualifi- 
cations and names of referees should be sent to 
the Secretary, University of Aberdeen, by June 30, 
1974, (2323) 








SITUATION REQUIRED 


PALAEONTOLOGIST 


(Female, 28, Ph.D. Glasgow 1971) presently bored 
to tears in academic library, seeks post with more 
intellectual challenge. Salary above bread-line. Write 
Box No, 2270, Nature, T. G. Scott & Son, l 
Clements Inn, London WC24 2ED. (2270) 





FOR SALE AND WANTED 


Always wanted: 

BACK RUNS OF JOURNALS 
IN SCIENCE AND THE HUMANITIES 
WM. DAWSON & SONS LTD. 

Back Issues Department, 
Cannon House, Park Farm Road, 

Folkestone, Kent, England. 
Tel.: Folkestone 57421. d). 


Wanted 


AMPHIPLEURA PELLUCIDA 
Good specimen 
mounted in Reatgar 
urgently needed for 
critical photomicrographic tests 
Please quote price to Box No. 2246 Nature 
(2246) 


MISCELLANEOUS 
TO LET 


_ Available to careful visiting family for one year 
from July, small house South Hampstead (inner 
N.W. London). Quiet, 4 bedrooms, gas central heat- 
ing. £100 per month, Write Box No. 2301, Nature, 
T. G., Scott & Son Lid., f Clement’s Inn, London 
WEZA 2ED, or telephone 01-267 2489. (2301) 








LECTURES AND COURSES 





UNIVERSITY OF EDINBURGH 


DEPARTMENT OF 
VETERINARY PHYSIOLOGY 


M.Sc. IN NEUROPHYSIOLOGY 


Applications are invited for admission to 
the above course, which is an advanced 
interdisciplinary course in neurophysiology 
leading to an M.Se. and is open to full-time 
students. 


Applications for admission are invited 
from ‘graduates in veterinary medicine or 
medicine and from graduates with at least 
Second Class Honouors in Science. 


Further information from and applications — | 
to Professor A. Iggo, Department of 
Veterinary Physiology, University of Edin- 


burgh, EHS 1QH (2314) 





MSc in Analytical Chemistry 
starting September 1974 


A two-year part-time course providing a broadly-based, up-to- 
date treatment of the subject with opportunities for specialisation 
through project work. 

Further particulars from the Secretary, School of Chemical and 
Physical Sciences, Kingston Polytechnic, Penrhyn Road, Kingston 
upon Thames KT1 2EE. 01-549 1366. (2235) 


HARWELL SUMMER SCHOOL 


ON 
THERMAL NEUTRON SCATTERING 


to be held at the 
Harwell Education Centre, Oxfordshire, U.K. 
15 to 20 September 1974 


The primary purpose of the School is to give students the opportunity of 
performing neutron scattering experiments at the Harwell PLUTO and DIDO 
reactors. There will be lectures covering the basic background theory, Each 
student will attempt at feast two experiments using apparatus which will 
include a four-circle neutron diffractometer, polarised neutron diffractometer, 
cold neutron time of flight spectrometer, double chopper spectrometer, and 
hot neutron LINAC spectrometer. 


The experiments will cover the determination of crystal and magnetic 
structures, the measurement of diffusion of liquids, and the study of phonon 
dispersion relations and phonon density of states, 


APPLICATIONS are invited from postgraduate research workers and final year 
undergraduates, 





Application forms and further details are available from: 


Dr. B. T. M. Willis =] ARB WEI | 
Atomic Energy Research Establishment L, 


Aa Education Centre 


Didcot 
Oxfordshire 


Closing date for applications: 22 July 1974. 
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are available in: 

Corrosion Science and Engineering* 

Selection of Materials 

Mathematics 

Neurophysiological Basis of Behaviour 

Optical and Dielectric Polymer Science 

Physical Research Techniques 

Solid State Physics/Thin Film Physics (Modular Course) 
Chemical Spectroscopy—(next entry September 1975) 
Qualifying courses and examinations are available for some of these courses. 
*Full-time course with S.R.C. studentship also available. 


Full details and application forms are available from: 

The Academic ice. ge Administrative Headquarters, 

117-120 Houndsditch, London EC3A 7BU. 

Telephone: 01-283 1030. (2241) 





Phosphatidyicholine [choline-methyl-'*C] NEC-648 


fF S0-60mCi/mmole $95/10uCi $385/50uCi 
_ Ethanol: toluene solution, 1:1. 


Aliso: } 


Phosphatidyicholine [°C (U)] NEC-588 
Phosphoryicholine [methyl-“C] NEC-544 
Phosphorylethanolamine [1,2-'C] NEC-577 
Phytol (°C (UJI NEC-585 

Cytidine diphosphocholine [methy!-'*C] NEC-575 














‘New England Nuclear 
575 Albany Street, Boston, Mass. G2118 
Customer service 617-482-9995 





NEN Canada Lid, Dorval Quebec, NEN Chemicals GmbH, Drsexchenhain, Germany. 





Marine Pollution Bulletin is published monthly and 
sets outto cover all aspects-of thetighttor He of takes, 
estuaries, seas and oceans. it includes news. com- 
ment, reviews and research reports not only on the 
threats of noxious substances to marine life but also 
on the management and productivity of the marine 
environment in general. It publishes accounts of new 
and proposed research programmes as well as the 
results of those in progress. 





Receni research reports include: 

Distribution of Caesium-137 in British Coastal Waters, 
D. F. Jefferies, A. Preston and A. K; Steele. Export of 
Lead from Salt Marshes, M. Banus, k Valiela and J. M. 
Teal. international Scope of Marine Pollution Damage. 
OD. P, Tihansky. Effects of Red Mud on Marine Animals, 
R. A. A. Blackman and K. N. Wilson. Pollution Problem 
ofthe Golden Horn, M. Karpuzcu. ) 


Annual Subscription £6.50 (£7.50 USA and Canada). 
Prices applicable only to orders starting before 31 
December 1974. Payment may be made in any cur- 
rency at the currént exchange rate. Cheques should 
be made payable to Macmillan Journals Ltd.. Sub- 
scription Department, Brune! Road, Basingstok®, 
Hampshire RG21 2X5, England. 










some of the New Range 
of Labelled Drugs available 


[1(n)-H] Morphine 

20-30 Ci/mmol O TRK447 
Diacetyl [1(n)--H] morphine 

20-30 Ci/mmol TRK.449 


[1, 7,8 (n)-°H] Dihydromorphine 
70-90 Ci/mmol 


Ne G- HTTetrahydrocannabi 10 
9-15 Ci/mmol 






Full details on request 
Write for our complete listing 
of labelled nucleotides. 





Amershqm 


The Radiochemical Centre Limited, Amersham, England. 


in the Americas: Amersham/Searle Corp, Hinois 60005. Tel. MEORE e 
au W. Germany: Amersham Buchler GmbH & Co, KG, Braunschweig. 
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A choice of bright or dark field 
in the stereomicroscope 











o@ The new transmitted-light stand for Wild stereomicroscopes 
N4 _ is designed for both bright and dark field. No adjustment 

is necessary-just move a lever and you change straight from 
one to the other. The fan-cooled 12 V/100 W halogen lamp 
gives uniform illumination, so the new stand Is particularly 
suitable for photomicrography 





Ask for brochure M1 117. 


Wild Heerbrugg Ltd., CH-9435 Heerbrugg, Wei Lie 


Switzerland HEERBRUGG 





Wild M7 Zoom Stereomicro- 
scope with transrmtted-ignt 
stand (bright and dark field) 





= Wild Service Worldwide. 
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YOUR FUTURE 
IN 

ELECTRON 
OPTICS... 


As electron microscopes approach 
the theoretical limits to resolution 
their useful lifetime is extending 
dramatically 


Théproblem... if you want to call 

it that... is that other aspects of 
electron optics are still being im- 
proved, New ways of getting more 
information from a point in a spec 
imen are continuously being devel 
oped. How can you benefit from this 
growing technology... without buying 
more than you need, or replacing 
your instrument every few years? 


WILL YOU WANT 
A SYSTEM THAT 
CAN GROW 
ALONG WITH 
YOUR NEEDS AND 
YOUR BUDGET? 


Philips’ answer is the systems ap- 
proach to electron optics. No mat- 
ter what your future holds... there's 
a Philips microscope for you now! 


For example. Start with the advan- 
ced research EM 301 (or your EM 
300). Add a goniometer for tilting 
capability. Add a S(T)EM unit later, 
and you'll have, at your fingertips. 
instant choise of TEM, STEM or SEM 
Add an energy dispersive x-ray 
analyser for micro-chemical analysis 
Choose from a full range of cameras. 
TV displays, image intensifiers and 
video recorders. Add on when your 
ready... without ever compromising 
the excellent versatility of the 
basic instrument. 


Nature June 14 1974 





Highest performence... plus inherent 
versatility extending far into the fut- 
ure. It's yours with Philips. Order 

a Data File and see. 


Philips Industries 
Electron Optics Department 
Eindhoven - The Netherlands 





Above 

Column opened to show eucentric 
goniometer 

Above centre 

TV display via image intensifier 

Above right 

S(T)EM unit gives choice of TEM, STEM 
and SEM modes 

Right 

EM 301G with S(T)EM unit, second channel! 
display and energy dispersive X-ray analyser 
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| The June issue of Cell will include 
| the following articles, reviews, and 
| bock reviews: 


| The Gene Numbers Game: JO. >œ | 
Sires 


| Evidence for Genetic Re 
| Between Endogenous and Exoge 

| nous Mouse RNA Type C Viruses; 
i J. R. Stephenson, G. R. Anderson, 
|S. R. Tronick, and S. A. Aaronson 


-increased Protease Levels in Trans- 

| formed Cells: A Casein Overlay Assay 
| for the Detection of Plasminogen 

| Activator Production: A, R. Goldberg 


-Changes in Adenylate Cyclase, Cyclic 
| AMP, and Protein Kinase Levels in 

| Chick Myoblasts, and Ther Relation- 
ship to Differentiation: R. J. Zalin 
and W. Montague ` 


| induction of a Deoxycytidineless 
< State in Cultured Mammalian Cells 
-by Bromodeoxyuridine: M. Meuth 
and H. Green 


| Expression of Thymidine Kinase 

| Variants is a Function of the Repli- 
- cative State of Cells: R. Adler and 
|B. R. McAusian 

| Book Reviews 

| Among the Protozoologists: S. H. 

o Hutner 

| Cell Culture-—the State of the Art: 

| J. Bard 


| Ribonucleic Acids in Review: 
E., M. Scolnick 


| The July issue of Cell will include 
| the following reviews and articles: 


| A Unified Theory of the Control of 
| Actin and Myosin in Nonmuscle 

| Movements: A. C. H. Durham 

| The Role of Protein Factors in the 


` Biosynthesis of Proteins: H. Weiss- 
| bach and N. Brot 


| An Electron Microscope Study of the » 


© Effects of Cyclic AMP on. ‘Chinese 
| Hamster Ovary Cells: K. R, Porter, 
i T. T. Puck, A. W. Hsie, ond D. Kelley 


Recombination | 


The Morphology and Growth of a 
Pluripotent Teratocarcinoma Cell 
Line and its Derivatives in Tissue 
Culture: G. R. Martin and MJ. 


Evans — 


isolation and Biochemical Character- 
ization of Folate Deficient Mutants 


of Chinese Hamster Cells: M. W. 


MeBurney and G. F. Whitmore 


Characterization of a Chinese Harr 
ster Cell with a Temperature- Sensi- 
tive Mutation in Folate Metabolism: 
M. W. McBurney and G. F. Whitmore 


The Degradation of Ribonucleic 
Acids Injected into Xenopus Laevis 
Oocytes: C. C. Allende, J. E. 
Allende, and R. A. Firtel 


Poly Adenylic Acid Synthesis In 


_ Vitro in Isolated HeLa Cell Nuclei 


and Whole Cell Homogenates: W. R. 
Jelinek 


The August issue of Cell includes the 
following articles: 


Cytoso! Androgen Receptors from 
Kidney of Normal and Testicular 
Feminized (Tfm) Mice: B. Attardi 


and $. Ohno 


isolation of Lymphoma Cell Variants 
Resistant to Killing by Glucocorti- 
coids: C. H. Sibley and G M. Tom- 
kins 


Mechani isms of Steroid Resistance: 
C. H. Sibley and G. M. Tomkins 


Effect of Cyclic Nucleotides on the 
‘Induction of Ornithine Decarboxy- 


lase in BHK Cells by Serum and 
Insulin: B. Hogan, R. Shiel ds, and 
D. Curtis 


A Direct Stimulating Effect of Cyclic 
GMP on Purified Phosphoribosy| 


- Pyrophosphate Synthetase and its 


Antagonism by Cyclic AMP: C. D. 
Green and D. W. Martin 


Electrophoretic Characterization of 


Shuttling and Nonshutthing Smal 
= Nuclear RNAs: L. Goldstein and C. ko 


Cambridge, 


Host Restriction of F riend Leukemia 4 
Virus: M, N. Sveda, B. N. Fields, E 
and R. Soeiro 


Poly (A) in mRNA Does Not Con- | 
tribute to Secondary Structure. Neces: | 
sary for Protein Synthesis: R. F. t 
Muñoz and J. E. Darnel! 
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Guide to authors 
| Nature accepts three types of 
communications: 


@ Articles are up to 3,000 words in 
length with at most six figures and may 
either be reports of major research 
developments in a subject or broader 
reviews of progress. 


@ Letters are brief reports of | 
research of unusual and wide interest, 
not in general longer than 1,000 — 
| words; at-most they have three or four 


figures, 


© ‘Matters Arising’ permits 
hort discussion of papers 







category. 


Manuscripts may be submitted either 
to London or Washington. Three | 
typed copies should be submitted, each 
including lettered copies of figures. 
Typing (including references) should be 
double spaced. The title should be 
brief and informative. Pages should 
be numbered. References, tables and 
figure legends should start on separate 
pages. Experimental detail vital to the 
paper yet which would interrupt the 
narrative is best placed in the figure 
legends. Units should conform to the 
Système International. Greek | 
characters should be identified in the 
margin on their first appearance. _ 
Equations should occupy single lines 
if possible. exp (a) is preferred to e# 
if ‘a’ is more than one character. _ 
Articles should be accompanied by an 
abstract of not more than fifty words, 
and the abstract should list the main 
conclusions that are drawn. ; 


References are indicated by super- 
scripts in the text. The style may be 
gleaned from any contemporary Nature 
with the following two changes: 


(i) If it is necessary to refer to several 
references by the same author at once, 
only one reference number need be 
given. 


(ii) The last page as well as the first 
of any reference should be cited. 


Abbreviations should follow the — 
World List of Scientific Periodicals, 
fourth ed. (Butterworth, 1963-65). 
‘Personal communication’ and ‘unpub- 
lished work’ should be incorporated in 
the text. , 


Artwork should be sent with the 
manuscript. All artwork should be 
marked with the author's name. Line 
drawings should preferably bein 
Indian ink on heavy cartridge paper, 
although other materials are accept- 
able; thin, shiny, folded, torn or 
heavily handled material should be 
avoided. Matt rather than glossy 
photographs are preferred. Figures are 
usually reduced to one column width. 
The originals should be about as wide as 
a page of Nature. Figures, particularly 
maps, should contain nothing but 
essential material. It is preferred that 
the original be unlabelled, but with a 
copy containing lettering. Labelling _ 
on photographs should if possible be 
avoided entirely. 


A fuller guide appeared in Nature 
(246, 238; 1973). 


Formation of methylmercury in a terrestrial environment— W. E. Beckert, 



















Involvement of brain cholinergic mechanisms in the action of chlorpromazine 
M. Trabucchi, D. Cheney, G. Racagni and E. Costa | 
Effect of histamine H-receptor blockade on fasting serum gastrin and fasting gas 
acid secretion in the dog—G. O. Barbezat, M. Daniel, S. Bank, B. Grant and A. 
Cone mechanisms initiating response of on-off goldfish optic fibres—R. D., Beauchamp — 
Genetic variation in marine fishes as a test of the niche-variation hypothesis— — 
G. N. Somero and M. Soule E SS 
Nitrosation of phenols in smoked bacon—Af. E. Knowles, J. Gilbert and TT 
D. J. McWeeny 


Inhibition of inter-microbial predation by chlorinated hydrocarbons-~ 
F. Walsh and R. Mitchell 










A. A. Moghissi, F. H. F. Au, E. W. Bretthauer and J. C. McFarlane aai 
New finding of the ancient primitive mollusc Neopilina in the Atlantic part of the — 
Antarctic—Z. A. Filatova, N. G. Vinogradova and L. I. Moskalev 


Effects of stable chlorine-containing organics on aquatic environments— 
C. W. Gehrs, L. D. Eyman, R.J. Jolley and J. E. Thompson 
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(Ciba Symposium)—F. E., G. Cox 
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(W. J. Wallace)—G. E. R. Deacon 


Quantum Mechanics in a New Key (Alfred Landé)—J. E. G. Farina 
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Anew d.c. Microvoltmeter 


The TF 2655 is a high-grade, versatile, 


general-purpose instrument with 18 voltage and 








14 current ranges, all with an accuracy of 
2” SG; 
Its main features are 
¥% push-button selection of ranges and polarity 
% high-input resistance of 10° Q to LOM Q 
¥ low constant voltage drop of 1OmV on all 
current ranges 
%* off-set zero 
% large, 9.5cm, clear-reading, mirror scale 
% input overload protection + 100V up to IV 
range, and - 1,200V on remainder 
Ranges: 3 uV to 1,000V f.s.d. in 3/10 sequence 
(18 ranges) 
300pA to ImA f.s.d. in 3'10 sequence 
(14 ranges) 
Price: £150. 
Made in Poland. 


Full details from: 


MARCONI INSTRUMENTS LTD. 
Longacres, St. Albans, Herts, AL40JN, 
Telephone: St. Albans 59292. Telex: 23350. 
4 GEC — Marvoni Electronics Comnans 
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In defence of the 
anonymous referee 


Since Professor Fraenkel-Conrat’s plea for an end to 
anonymity in the evaluation of scientific manuscripts 
three months ago we have received several more letters 
on the subject. One or two have been published, but the 
majority have said little more than ‘me-too’ in tones 
ranging from the reasonable to the outraged and lengths 
ranging from one paragraph to ten pages. The question 
of anonymity in refereeing appears regularly in the 
correspondence columns of scientific journals, usually 
associated pejoratively with a cloak, and it is desirable 
that scientists give more than a passing thought to it every 
few years. In most other fields the arbitrator is not 
anonymous—justice, sport, criticism of the arts, industrial 
relations all maintain highly visible decision-makers. 
Can science alone remain aloof from requiring personal 
accountability in its judgements? 

Those who advocate the removal of the cloak point 
to two benefits which, it is claimed, would immediately 
accrue. Referees would have to take their job more 
seriously since their judgement would be semi-public, and 
the stab-in-the-back opportunity for the malevolent 
referee would disappear. There cannot be an editor who 
wouldn’t be glad to eliminate careless or mischievous 
refereeing, although its incidence may well be greatly 
exaggerated. On the other hand the debit side of remov- 
ing anonymity is rarely mentioned. 

One of the commonest misconceptions about refereeing 
is that it is done by a small elevated community. A careful 
study by Zuckerman and Merton (Minerva, 9, 66-100; 
1971) showed very clearly that this was not true for The 
Physical Review, and although we have not the same 
impressive statistics to parade, the file of referees for 
Nature in 1973 contained more than a thousand names. 
Could we call on such numbers if the identities of 
referees were revealed? Only, we maintain, when the job 
was going to be the agreeable one of recommending the 
acceptance of excellent manuscripts. Large numbers of 
neither careless nor mischievous referees would send 
back, unreviewed, manuscripts which they believed to be 
inadequate and with those authors they had no desire to 
engage in combat. 

Three points need emphasising. | 

First, referees should not be asked to endure face-to- 
face or even telephone encounters with irate authors. 
The sort of verbal roughing-up that even Nature’s office 
staff occasionally have willed on them makes it clear that 
referees should not be placed in a position such that they 
can be got at by authors. The presentation of science is 
and must remain ultimately a written activity. This is 
not to deny the obvious power of the spoken Word in 
education, exposition and elucidation. It is to deny the 
use of verbal battles, in which forcefulness, slick 





presentation and quick wittedness are prized. 
resolving scientific disputes. It would be ag 3 
referee to engage in conflicts on our behalf. anc 
case most would quite reasonably decline to ne i 
would result in the decision-making process falling 
on a smaller core of conflict-hardened reviewers. 
Second, not all the unpleasant things that are sai 
behind the cloak of anonymity are said from a d 
do mischief. The rather common home truth ‘i 
tenth paper based on the same data that the ar 
attempted to get into the literature in the last ye 
be motivated less from malice than a genuine dis 
the practice of multiple publication. Such things 
be less easy to say without anonymity-~some fo 
truthfulness would be positively impaired by yle 
tion. 
Third, the anonymous opinion, to the conscient 
author, cannot easily be discounted. The referee $ a 
more than as just the expert vouching for teck 
plausibility. He is also the potential reader vouchin 
relevance, wide appeal and readability. He is the 
sample of ‘readership’ opinion that an author 
normally go on. The value of these functions can D 
diminished by knowing the referee’s identity and the 
fore dismissing his critique on purely personal gro 
Would identification even do what its advocates i 
bring more conscientious and honest reviewing and 
mischief-making? The latter, probably yes. to a ceri 
extent, although most of those already involved in mut 
back-stabbing are well enough known to each other not 
to worry much about anonymity. Some of these | 
combatants are also well enough known to us not to be 
allowed too frequent a battle. The former, probably ne. 
The tendency would be just as much towards pulling. 
punches and being less critical. 
The tradition of depersonalisation in the assessmen 
manuscripts has, we believe, served scientific commer 
tion well. There are obviously flaws in the system, È 
radical steps to remove these flaws might remove inste 
a lot which is good. 











































100 years ago 









THE NEW PHYSICAL LABORATORY OF 
THE UNIVERSITY CF CAMBRIDGE 
N the 16th inst., at a congregation held in the Senate 
House, Cambridge, the Cavendish Laboratory was 
formally presented to the University by the Chancellor, — 
The genius for research possessed by Prof. Clerk Max 
and the fact that it is open to all students of the Univers 
sity of Cambridge for researches will, if we mistake not, 
make this before long a building very noteworthy in 
English science. 


From Nature. 10, 139, June 25, 1874. 
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The Cavendish tradition 





Professor Brian  Pippard, present 
Director of the Cavendish Laboratory 
looks at its rôle in the forefront of 
physical research during the century 
of its existence. 





” + 

On June 16, 1874, the doors of the 
Cavendish Laboratory were formally 
opened. A hundred years later, the last 
members of the Department of Physics 
left in those buildings are preparing to 
move to new quarters, still to be called 
the Cavendish Laboratory, on Mad- 
ingley Road. 

Cambridge was not the first university 
in the British Isles to encourage ex- 
perimental physics, and if in its earliest 
years the Cavendish stood out from 
the rest, it was more because of its first 
two professors, Maxwell and Rayleigh, 
than for any notable difference in out- 
look. Only after this, with the inspired 
appointment of J. J. Thomson at the 
age of 27 (not without some grumbling 
about mere boys being made pro- 
fessors), did the work begin to develop 
a special character. Of course the 
change was not sudden, but it ts clearly 
revealed by comparing the publications 
in Rayleigh’s day (before 1885) with 
those of IS years later. Rayleigh at 
Cambridge is a different man from the 
gentleman scientist of Terling: he 
maintains the academic tradition of 
what we may call Natural Philosophy, 
undertaking with his students careful 
measurements to illustrate and guide 
mathematical reasoning, and to provide 
values of the constants of nature that 
pure reason alone cannot determine. 
By 1898 one has to search hard to 
find any trace of the earlier attitude; 
all is qualitative, the laborious search 
for patterns in phenomena beyond the 
reach of mathematical prediction. The 
names are revealing —— Thomson, 
Rutherford, C. T. R. Wilson, Towns- 
end, Zeleny—-the roll-call of early 
investigators of electrical conduction in 
gases. Thomson had started to work in 
this field as soon as he was appointed, 
had discovered the electron in 1897, 
and had built up a small team ready 
for action when the discovery of X 
rays and radioactivity swept away the 
old world of physics and inaugurated 
the golden age of string and sealing- 
wax. 

Once more, let us remember that it 
was no sudden change; indeed, so far 
as the Cavendish was concerned these 
new effects principally gave new 


strength to the attack on gaseous con- 
duction. But Rutherford in McGill was 
developing that technique which is now 
looked on as the epitome of the 
Cavendish tradition. How much was 
his own natural gift, and how much he 
picked up of what was congenial in 
J.J s approach, is hard to resolve; at 
all events, by the time he returned to 
the Cavendish in 1917, with his finest 
achievements behind him, he found 
there an outlook compatible with his 
own, and proceeded within the next 
few years to develop the laboratory to 
a world-commanding eminence. 

This is the accepted version of the 
myth, though one wonders if it is seen 
in the same light in Manchester, where 
Schuster was succeeded by Rutherford, 
and he in turn by Bragg and then by 
Blackett. It was in Manchester that the 
atom was born and first disintegrated, 
yet to the world at large it is the 
Cavendish that stands for British 
physics in that period. This is not the 
only example of the compelling hold 
that Cambridge exerts on the emotions 
of its alumni, and it is a self-perpetuat- 
ing process whereby in due course the 
old boys send their best students back 
to seek their fortunes. The reputation 
of the Cavendish rests partly on what 
its professors have done, but more 
securely on what its students and 
junior staff are doing. So many of the 
country’s most talented students are 
attracted to Cambridge by its reputa- 
tion, to be joined, those who stay for 
research, by so many equally promising 
graduates from elsewhere, that the 
head of department’s task is to en- 
courage and to criticise, not to domi- 
nate. The conventional picture of 
Rutherford as something of a one-man 
band is quite misleading. It ignores the 
contributions of Chadwick and many 
others too numerous to mention, who 
proceeded to chairs and spread the 
Cavendish gospel of nuclear physics to 
the wide world: it also ignores the 
presence of Appleton, Bernal, Kapitza 
and G. |. Taylor, some of those who 
benefited from Rutherford’s support 
without being drawn into his orbit. 

Nevertheless, in comparison with the 
ISboratory we now know, Rutherford’s 
was an archaic monolith that could not 
suryive the expansion of physics after 
the second world war, ande Bragg soon 
recognised that the time had passed 
when one man could oversee the whole 
research effort. Inevitably he was con- 
scious of stepjting into a giant’s shoes, 
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for it was many years before the Cav- 
endish could free itself of the private 
feeling, and the world’s expectation, 
that nuclear physics was the field it 
ought to cultivate above all others. But 
Bragg seized on the essential point that 
ideas are not the privilege of the 
leader but spring from the community 
of workers, and his decision to share 
responsibility among a number of vir- 
tually autonomous groups led to such 
successes as ultimately laid the ghost of 
the past. It was the seeds planted in the 
thirties by Kapitza, Bernal, Appleton, 
and Ratcliffe that grew in those years, 
so that by the end of Bragg’s tenure 
Low Temperature Physics, Crystallo- 
graphy (especially what was to become 
Molecular Biology) and Radioastro- 
nomy were vying with Nuclear and 
Particle Physics to attract the best 
students. Devolution was complete; the 
laboratory was three times larger than 
at Rutherford’s death, and its ability to 
contribute at the frontiers of research 
was now extended over a much broader 
field. 

At the same time a certain weakness 
was becoming apparent. The experi- 
mental approach which we have traced 
to J. J. Thomson had developed into 
something of an antimathematical atti- 
tude; the followers of the prewar 
physicists, who had been amateurs in 
the best sense, were in danger of 
becoming merely amateurish in an in- 
creasingly professional world. And not 
only through disregard of essential 
theoretical techniques, but equally 
through nostalgia for the string and 
sealing-wax days when experiments 
were cheap and quick and, above all, 
for individual efforts. Thus, though 
some might have found a paradox in 
Mott's election to an experimental 
chair, and others welcomed it as a 
return to the ideals of Maxwell and 
Rayleigh, it is better seen as the 
recognition of the need to abandon 
parochial attitudes, such as the hope 
that physics will remain accessible to 
intuition and robust commonsense, with 
mathematics as an’ optional extra. 
Equally it was essential to realise that 
modern problems demanded modern 
equipment. Simplicity is for the man of 
genius; most of us have to do it the 
hard way. However much it may have 
wounded the pride of those who saw 
the Cavendish as something apart, it 
could only have been harmful to pre- 
tend that any single laboratory can go 
it alone nowadays. There will be local 
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Lord Rutherford talking softly to 
J. A. Ratcliffe in the 1930s. 


traditions and national tendencies, but 
only as minor variants of an inter- 
national style with, for example, 
British physics still leaning towards the 
experimental approach in contrast to 
the more mathematical tendency of the 
United States and Japan. 

In keeping with this general] trend 
many of the best contributions of the 
Cavendish in the last 20 years have 
been founded on technical innovations 
The invention and exploitation of 
aperture synthesis for radiotelescopes, 
and the design and marketing of Sweep- 
nik, the automatic scanner, are two 
very different examples of recent work 
in the old Cavendish style. Nor are 
there lacking descendants of the pre- 
war amateurs, who eschew the beaten 
track and find more scope in opening 
up new lines, where observation and 
measurement get little guidance from 
established formalism. If we ask which 
type of work seems to be more highly 
regarded, the answer is rather dis- 
concerting. For we smile at Ruther- 
ford’s division of science into nuclear 
physics and stamp collecting, not 
recognising all round us the modern 
counterpart in the esteem we accord to 
mathematical analysis and, at best, the 
grudging respect for the accurate des- 
cription of phenomena 

In looking to the future we could do 
worse than ponder for a moment the 
danger that always theatens physics of 
degenerating into scholasticism, of valu- 
ing the formal structure above all, 
especially if it can be disguised as 
ultimate truth. No one, of course, will 
dispute the mastery of those who have 
contributed to our deeper knowledge of 
the fundamental laws, and there is no 
physics laboratory but is richer for the 
presence of a leader in these studies 
It is another matter, however, for 
Students to be seen switching off their 
attention when the lecturer embarks on 
a discussion of observations that do not 
fit into any tidy pattern; and we are all 
too familiar with the way in which, 
given the choice, the brightest students 
choose theoretical physics, leaving the 
more experimental options for the less 
gifted. This is the legacy of a genera- 


tion of professional research workers 


whose collective learning has estab- 
lished a standard which demands of all 
recruits such detailed formal know- 


ledge as will leave them no time and, 

worse, no desire to tread paths where 

the signposts are few and uncertain 
This is one of the challenges which 


a laboratory like the Cavendish should 
attempt to meet. It has enough of a 
reputation to justify minor eccentrici- 
ties of philosophy, and because of this, 
as well as the quality of its students, 
perhaps it has a greater responsibility 
than most to transit its version of the 
real nature of the subject. Its reputation 
never rested on knowing what every- 
one else had done, but on what its own 
members did, and how they inspired 
their students with the excitement of 
being a physicist. To carry on doing 
good research should not be too much 
of a problem, given that it is essentially 
a matter of catching and keeping as 
many as one can of the most ardent 
spirits, and providing the opportunity 
and encouragement for them to show 
what they are made of. But to carry 
this inspiration to the undergradfiate 
level, where the need is greatest, is 
much harder than research—the yrge is 
less, the praise fainter—and it is here 
ethat effort is really needed. To take a 
detached view, it could not be said to 
matter very much if most of the out- 
standing problems of physics were to 


remain unsolved. Yi 
should continue to try 


it 
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Counting the 
cost at 
Flixborough 


by John Wilson 





TWENTY-EIGHT people killed, more than 
one hundred injured and upwards of 
£70m damage done to plant and sur- 
rounding property are the results of 
the most devastating explosion in peace- 
time Britain. It happened on May 4, at 
the 60-acre Nypro chemical factory in 
the village of Flixborough, Lincoln- 
shire, which produces caprolactam— 
used in the manufacture of Nylon 6— 
and was caused by the sudden escape of 
a large quantity of cyclohexane vapour. 
The plant, owned jointly by Dutch 
State Mines (DSM) and the National 
Coal Board (NCB) was the sole pro- 
ducer of caprolactam in the United 
Kingdom. Its closure will affect 30,000- 
35,000 jobs throughout British industry 
to varying degrees. 

A most disturbing aspect of the 
disaster is the damage outside the 
factory gates—thirty families have had 
to be rehoused—and questions are being 
asked in parliament and elsewhere 
about the safety of other large chemical 
installations in Britain, and indeed 
throughout the world (Nypro owns 
similar plants in Holland and Augusta, 
Georgia). The Secretary of State for 


Employment, Mr Michael Foot, has 
ordered a public inquiry into the 
disaster and the British Chemical 


Industry Safety Council are to review its 
findings. Meanwhile, Mr Jack Jones of 
the Transport and General Workers 
Union has said that the union will hold 
a separate inquiry of its own. Twenty- 
one of the dead were members of the 
union and Mr Jones believes that the 
survivors will talk more freely to their 
own union-appointed investigator. 

But more than a week after the 
disaster, explosions were still taking 
place on the site and firemen had not 
penetrated through the pools of danger- 
ous chemical to the control room where 
many vital records were kept. It will 
probably be a long and difficult task to 
reconstruct exactly what happened. 

What is now almost certain, however, 


is that the escape of cyclohexane 
vapour occurred at that part of the plant 
concerned with the oxidation of cyclo- 
hexane to cyclohexanone oxime, an 
intermediate product. High temperatures 
and pressures are involved in this 
process. One of the units was under 
repair at the time and a bridging pipe Is 
thought to have fractured, although how 
the gas ignited is not yet known. But 
Mr Leslie Grainger, NCB bourd mem- 
ber for science, says that the way the 
gas escaped is more important than its 
ignition. In spite of searches for cigar- 
etees and matches. the banning of motor 
vehicles and the issue of special anti- 
static clothing, most experts are agreed 
that*the risk of a random spark cannot 
be entirely eliminated. The effects of 
any explosion, however, can® be mini- 
mised by the design of the plant. The 
established praetice of piping volatile 
matéial in the open, in the hope that 





Flixborough : 


no rebuilding?” 








any leak will be dispersed, must now be 
revised. 

Ihe greater the degree of physical 
connection between various processes at 
risk, the greater the danger that more 
than one unit will become involved in 
an accident. Even the siting of other 
processes, the manufacture for hydro- 
ven. for example. may be vital in an 
emergency. The Nypro control room 
and laboratories were built in the centre 
of the site, between the oOxanone 
processes and the hydrogen plant. 
Obviously some degree of connection is 
necessary—that is what a petrochemical 
complex is all about—but there must 
come a point when safety factors out- 
weigh engineering expediency. The 
difficulty, says Mr Grainger, is to main- 
tain the economic links without the 
physical ones. 
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The NCB became interested in the 
Flixborough venture when it was seek- 
ing an outlet for its crude benzol (a 
source of cyclohexane) produced at 
coke ovens up and down the country. 
Its opportunity came when Fisons Ltd, 
the fertiliser manufacturer. withdrew 
from partnership with DSM in 1971. 
By December 1972 a new £15 million 
extension to the plant was completed, 
producing caprolactam from cyclo- 
hexane: up to that time phenol had 
been used as a raw material. 

The cyclohexane was oxidised to 
cyclohexanone and the oxime formed by 
the addition of ammonia and sulphuric 
acid. Ammonium sulphate used to be a 
principal by-product of this reaction— 
which is why Fisons were involved— 
but was later recycled as phosphoric 
acid. The oxime was finally converted 
to caprolactam by Beckmann tsomeris- 
ation. 

A third phase of expansion was to 
have been commissioned later this year 
but whether that expansion would have 
used phenol or cyclohexane had not 
been decided at the time of the explo- 
sion. Mr Grainger says that there is 
now an emotional argument against the 
cyclohexane technique but hopes that 
any further decision will be based on 
rational grounds. Whatever process 
might be used in the future, there is 
strong local opposition to rebuilding the 
site at Flixborough. Comparisons are 
inevitably drawn in any industrial 
disaster of this size with the safety of 
nuclear installations. These have greater 
safety restrictions placed upon them and 
in Britain they need the approval of 
the Nuclear Inspector, whose decision 
is final. But a chemical plant may be 
built without consulting anyone except 
the local planning authority, who 
usually have little expert opinion to 
draw on. The Factory Inspectorate has 
no say in the matter until the plant is 
erected. At a time when the safety of 
nuclear power plants is in question, this 
seems to be a double standard 


















WHATEVER the precise 


be, Sir Brian Flowers. 


man of the Royal 


logical hazards of all 


increasing all the time, whether it is 
hijacking or a motorway pile-up 

ance of failures 
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cause of the 
Flixborough disaster may turn out to 
Rector of 
Imperial College, London, and Chair- 
Commission on 
Environmental Pollution has set wheels 
in motion within Imperial College to 
find out whether teaching there places 
sufficient emphasis on reducing techno- 
kinds to an 
absolute minimum. Sir Brian expressed 
concern in a speech in April that “what 
is regarded as an acceptable disaster is 


It seems strange that increasing accept- 
should 
increasing in- 
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THe oxanone plant at Flixborough, 
where the leak which caused the fatal 
blast is thought to have occurred. The 
picture above shows the cyclohexane 
containers after the explosion. One 
tank had been removed from its place 
for repair, and in the space it had 
formerly occupied a bridging pipe was 
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Teaching for 
safety in technology 


by Roger Woodham 


tolerance of environmental pollution.” 
So the Flixborough disaster was the 
catalyst but not the cause of the setting 
up of a working party under Professor 
A. R. Ubbelohde, Head of the Depart- 
ment of Chemical Engineering and 
Chemical Technology at Imperial 
College. à 
Professor Ubbelohde said last week 
that the ultimate objective must be to 
imbue efgineers—be they recent gradu- 
ates or those with industrial experience 
E 


“clever economic 
before the safe solution which respects 
life.” 
fail-safe (so that alterations in any para- 
meter of the system make it safer) but 
it is not, he said. 


used to connect the remaining tanks 
(location arrowed inp 
Nypro Ltd refused to 
the suggestion that temporary 
was the source of the leak. They are 


waiting for the report of the Factory 


draw $: below) 
mment On 


piping 


Inspecter which will be published later 
this year 













returning to Imperial College for post- 


experience courses—with the “con- 
cepts of safe design”. He also predicted 
that the monitoring of potential 
hazards, preferably by two independent 
methods, will receive much more atten- 
tion in the future 

Sir Brian says that all too often 


solutions have come 


Modern should be 


technology 


The working party has three months 


to submit a report and it seems unlikely 
that the document will stay 
Imperial College for very long 


internal to 














last year, President Nixon has been 
~ telling the American public at every 
opportunity that his Administration is 
committed to a pell-mell drive to make 
the United States self-sufficient” in 
= energy. Called Project Independence, 
the programme was launched with a 
flood of rhetoric in November 1973, 
and President Nixon still maintains in 
his public announcements that the goal 
will be met by 1980. But last month, 
© two independent studies concluded that 
© the effort will be extremely costly, and 
¿o that self-sufficiency will probably be 
> unattainable—even by 1985, 
. With much of the press distracted by 
yore topical matters, the studies drew 
ttle public attention but they provide 
the strongest evidence so far that the 
United States will have to rely on im- 
ported oil to meet its energy demands 
for at least another decade and probably 
for long after that, in spite of massive 
investment in research and development 
and capital equipment. 
= Prepared by the Massachusetts Insti- 
tute of Technology’s Energy Labora- 
tory and the National Academy of 
<o Engineering (NAE), the studies analysed 
> Project Independence from two dif- 
¿o ferent standpoints but both reached 
¿essentially the same conclusion. The 
= MIT study argued that energy self- 
= sufficiency can only be bought with 
~ another sharp increase in the price of 
< domestic oil which, in the short term, 
“would yield little more than an income 
> transfer from consumers to producers”, 
> while the NAE study concluded that it 
> will take capital expenditure amounting 
to about $600,000 million over the next 
= 10 years and government intervention 
= in the energy industry to make the 
= United States independent of foreign 
<. energy supplies by 1985. 
Tf anything, the NAE study paints 
_ the bleaker picture, for it simply ex- 
= amines what will be needed from each 
energy sector between now and 1985 
te give Project Independence a chance 
ef success, and it comes up with some 
pretty sobering conclusions. The burden 
< of the study’s message is perhaps best 
summed up by the following statement 
in the NAE report: “Achieving the 
complete range of programs described 
in this report by 1985 is not considered 
cce.. to be of high probability. Even 
if it is accomplished, the United States 
_ would be buying time. For beyond 1985 
there looms the ominous prospect of 
“even greater demands for energy from 
ever-increasing and ever-rising expecta- 
tions from home and abroad”. 
= Although the Administration’s state- 
‘ments about Project Independence have 
ò far been unencumbered by a defini- 
ion of what actually constitutes self- 
‘sufficiency, and President Nixon seems 
to pay little attention to advice from 
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his top energy officials that 1980 is a 
totally unrealistic date to expect the 
United States to become independent 


of foreign energy supplies, the effort 
required will be staggering. 

For a start, energy supply and de- 
mand predictions made before the 
energy crisis began to bite indicated 
that by 1985, Americans would be 
consuming the equivalent of 58 million 
barrels of oil every day, while domestic 
supplies would amount to little more 
than 40 milion barrels. Somehow, 
therefore, Project Independence will 
have to contend with a shortfall of 
about 18 million barrels of oH equiva- 
lent a day within the next 10 years. 

According to the NAE study, this 
could be achieved by an aggressive 
conservation programme and a crash 
effort, beginning this year, to exploit 
all domestic energy resources in the 
United States. The conservation effort 
could be expected to reduce demand by 
about 8 million barrels a day, while 
the development efforts would entail 
doubling coal production, massive strip 
mining in the Western United States. 
increasing nuclear power output so that 
fission reactors generate a third of the 
total electricity output in the country 
(up, from less than 1 per cent last year), 
increasing oil and gas production by 
25%, and establishing entire new indus- 
tries %to produce synthetic petroleum 
and natural gas from coal ant oil from 
shale. ° . 

Apart from the $600.000 million price 
tag, there are sgveral major obstacles 
whiche are likely to prevent Project fn- 


| Gependencé Tow -P a success, how- 


ever its goals are defined. For one thing, 
such a massive development of energy 
resources is likely to be achieved at 
the expense of considerable destruction 
of the environment, and for another, 
the NAE study suggests that there is 
likely to be a considerable shortage of 
skilled manpower, materials and equip- 
ment. In short, Project Independence 
is likely to be an expensive failure when 
measured against President Nixon's 
public announcements. 

As for each energy sector, the NAE 

study comes up with the following 
conclusions: 
@ Coal. The United States has about 
one third of the world’s coal reserves, 
and these are likely to provide the bulk 
of any increase in domestic energy 
output in the next decade. According 
to the study, output must be doubled 
by 1985, chiefly by opening up large 
federally owned areas of Montana and 
Wyoming for strip mining and ex- 
panding underground mining in the 
Eastern United States. By itself, an in- 
crease from 660 to 1,260 million tons 
a year over the next decade doesn't 
sound too daunting a prospect, but 
when translated in terms of the physical 
facilities which will have to be added 
to the coal industry. the undertaking Is 
staggering. 

“Stated another way’, the report 
says, “on the average one new deep 
mine and one new surface mine must 


be brought into production every 
month for 10 years. In contrast, only 
i3 mines of greater than 2-MTPY 


(million tons per year) production were 
opened in the 10 years from 1960 to 
1969”. 

Equally startling are implications for 
transporting coal to power stations and 
other users if output is doubled. The 
NAE study suggests that 60 new rail- 
barge systems., between 100 and 150 
miles long and each capable of hand- 
ling 2 MTPY, will have to be con- 
structed in the eastern United States, 
and 70 3-MTPY systems of between 
1.000 and 1,200 miles will have to be 
constructed in the West. To haul the 
stuff, 8,000 locomotive units and 
150,000 hopper cars, each of 100 tons 


capacity will have to be built. At pre- 


sent there is a severe shortage of 
hopper cars. 

© Oil and Gas. Last year. more than 
75% of energy requirements in the 
United States were supplied by oil and 
gas, but increases in domestic produc- 
tion will only come from very costly 
new sources such as offshore deposits 
in the Atlantic and in Alaska, and the 
NAE study predicts that at best an in- 
crease of about 25° can be expected 
from United States sources. To achieve 
even that increase would cost about 


$180,000 million over the next decade: 


it would require an average of 58,000 
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new wells to be drilled each year— 
twice the rate in 1973—new methods 
for recovering oil from marginal wells 
would have to be developed and en- 
vironmental problems associated with 
offshore production would have to be 
resolved. But even if all those pro- 
grammes are successful, domestic oil 
and gas production would reach only 
about 27 million barrels per day 
equivalent in 1985, which is about 1.6 
million barrels short of the demand in 
1973. , 

® Electricity production. The total 
generating capacity of the United 
States electrical industry in 1973 was 
about 435 million kW and the NAE 
study concludes that this could be 
doubled over the next 10 years with 
capital investment of about $300,000 
million. First, nuclear power would 
have to be expanded greatly above pre- 
sent projections, to reach about one 
third of total electrical capacity by 
1985. This will require between 2 and 3 
new nuclear units to be built every 
month, uranium production would 
have to be expanded by a factor of 6, 
between 30,000 and 40,000 plant opera- 
tors and maintenance personnel would 
have to be trained, 30 reactor pressure 
shells and turbine generators will have 
to be manufactured and delivered each 
year, and the time it takes to license 
and construct nuclear plants will have 
to be greatly reduced from the present 
10-year average. 

Another key programme in the elec- 
trical energy sector is the expansion of 
coal-fired power station capacity. This, 
the NAE study suggests, will require 
five oil-fired power stations to be re- 
converted to coal every month for the 
next four years, two new 700 MW 
stations will have to be brought on line 
each month for the next decade, and 
10 new plants will have to be con- 
structed to produce medium-BTU gas 
from coal to fuel 50 power stations 
which are now fired with natural gas. 
All of that, however, would have to 
rely on the development of new tech- 
nologies to control the emission of 
sulphur dioxide from power plants, or 
alternatively, environmental regulations 
would have to be greatly relaxed. 
® Synthetic petroleum, natural gas and 
shale oil. In order to meet the predicted 
shortfall in oil and gas, it is estimated 
that new technologies must be devel- 
oped to produce the equivalent of 1.1 
million barrels of oil per day from coal 
gasification, 0.6 million barrels per day 
of synthetic petroleum from coal, and 
0.5 million barrels per day of shale oil. 
Apart from a massive research and 
development programme, it will take a 
capital investment of between $16,000 
and $22,000 million for the coal con- 
version projects, and between $3,000 
and $5,000 million for the shale oil 
_ production. 


+ 

The NAE analysis points out that the 
cost of those processes is likely to deter 
early production, and constraints such 
as the availability of water and en- 
vironmental regulations are likely to 
set a limit on the ultimate capacity of 
some of the processes. And the MIT 
study is even more pessimistic, for it 
states that at present oil prices, there 
as insufficient financial incentive for 
the energy industry to move into those 


fields. Both studies therefore recom- 
mend that the federal government 


should provide a variety of incentives 
such as guaranteed prices, tax breaks 
and joint financing of development 
plants to bring the technologies on line 
as early as possible. 
® Conservation. The prospects for the 
success of Project Independence hang 
to a great extent on whether or not 
the United States’ insatiable appetite 
for energy can be curbed. Although the 
rapidly increasing cost of energy will 
work to reduce demand through the 
normal market forces, it is clear that 
the federal government must take a 
strong lead in encouraging conserva- 
tron by a variety of measures such as 
allocation of funds to mass-transit sys- 
tems, promoting research and develop- 
ment on more efficient ways to produce 
and transport energy, and by continuing 
such measures as speed limits on high- 
ways and encouraging car pooling. 
The NAE study identifies four chief 
constraints which lead to its prediction 


THE European Space Research Organ- 
isation has decided to award a contract 
worth approximately 180 million 
accounting units* for the design and 
development of the manned orbital 
laboratory Spacelab to WFW-Fokker/ 
Erno of Germany, as prime contractor 
for a European industrial team whose 
composition reflects the financial con- 
tributions to the Spacelab programme 
by participating ESRO member coun- 
tries. The unanimous decision was 
made by ESRO’s administrative and 
finance committee, composed of mem- 
ber country delegates, at a meeting in 
Paris. It followed six weeks of evalua- 
tion by ESRO officials of two industrial 
proposals of high technical quality. 
This six-year contract provides for 
the delivery of one Spacelab flight unit, 
fully qualified and ready for the instal- 
lation of experiments, by April 1979. 
Other main deliverable items are two 
engineering models, three sets, of 
ground support equipment and gnitial 
spares. e 
e The Spacelab project is the most 
important cooperative programme 
between ESRO and NASA. ESRO is 
responsible for the “design, deyelop- 









ESRO awards Spacelab contract 
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that it is highly unlikely that all the 
projects necessary to achieve energy 
independence will be carried out, First, 
the capital investment  required-— 
$600,000 million over 10 years—is 
almost double fhe present investment 
rate in the energy industry, and | 
should be compared with the ti 
vestment in all industrial plas 
equipment of about $100 r 
1970. Second, the availability of 3 
is “a serious concern for produc : 
from shale or synthetic fuels from 
coal’. Third, environmental damage 
resulting from strip mining--particu- 
larly in the remote Western cealfields-— 
and from burning large quantities of 
coal will have to be overcome by the 
development of new technologies, ¢ 
wise environmental regulations 
have to be relaxed. And finali ya h 
manpower problem could arise 
several hundred thousand people will 
have to be recruited and trained m the 
energy industry during the next decade; 
in particular, the NAE study points 
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in university engineering courses. — 
One thing is clear from the study— 





be taken by the federal government 
within the next year, and a conerent 
national energy policy must be formi 
lated. So far, however, neither the. Ade 
ministration nor Congress has matched 
Presidential rhetoric with concrete 
action. 











ment and construction of the labora.) 
tory, which NASA will launch # 
space shuttle and operate. The 
Spacelab launch is scheduled for 
in 1980. NASA will soon comme 
to purchase a second Spacelab u 
from ESRO and has mdicated it 
tention to purchase such additior: 
Spacelabs as may be required, 

Unlike earlier space laborator 
Spacelab will be reusable. it will Ë 
designed for 50 missions of a week i 
a month, or a nominal life of 10 years- 
It will enable, for the first time, scien-) — 
tists, engineers and technicians to) 
travel and work in Earth’s orbit wile 
out undergoing intensive astronaut) 
training. Spacelab is designed to reduc i 
significantly the cost and time ne 
for space research and its applicat 
and to provide to a large number 2 
wide variety of American and Bu 
































































pean users a versatile laboratory in) 
which experimenters can work m, 
comfort. 






* At mid-1973 price levels 180 MAU) 
is equivalent to approximately £95. 
million, FF 1,000 million, DM 578) 
mallion and $226 million. 










correspondence 





Earth scientists 
SıR;— European earth scientists dis- 
unite’, an article by Peter J. Smith in 
your issue of April 12 is erroneous and 
misleading; we are concerned that such 
an article should have appeared in 
>o Nature without an attempt to check 
the facts. 
©- The main tenor was implication of 
Jack of coordination between the 
organisers of a forthcoming meeting 
in Reading of European Geological 
Societies (the Geological Society and 
the University of Reading) and the 
European Geophysical Society. In fact 
the minutes of the first meeting of the 
Policy Committee for the Meeting of 
European Geological Societies which is 
to take place from September 8-12, 
1975, were sent in July 1973 to the 
Secretary of the European Geophysical 
Society at the Royal Society. A letter 
with his comments was received. It 
was certainly not “more or less by 
accident” that he discovered that there 
would be such a meeting. In December 
1973 a special letter was sent to the 
President of the European Geophysical 
Society, with a copy to the Secretary, 
inviting participation of members of 
EGS and requesting their views and 
suggestions for topics for discussion. 
The letter was acknowledged by Presi- 
dent Morelli welcoming the chance for 
cooperation, and expressing the hope 
that many members of the EGS would 
be interested in attending the Reading 
meeting. 
For one whose professed anxiety is 
about the unity of earth science (that 
is, of geology) Mr Smith lays a sur- 















< prising amount of emphasis on a 
distinction between geophysics and 


geology. We would expect him to re- 
cognise, as we have for many years, 


that geophysics is a necessary and 
important part of geology. Phrases 


such as “there being no such thing as 
the geology of the core” make semantic 
nonsense to stratigraphers, mineralo- 
gists and sedimentologists like us. Of 
course we agree that geophysicists, 
tectonicians, geochemists, palaeontolo- 
gists, petrologists and the rest need to 
talk to one another: that is the object 
of the projected Reading meeting in 
1975: we do not, however, see it as 
a matter for geophysicists on the one 
hand and “geologists” on the other. 
The theme chosen for the 1975 meet- 
ing, ‘Europe from Crust to Core’ is 
designed to secure the widest possible 
interdisciplinary discussion. As to fhe 





formation of a Pan-European Society 
of Earth Scientists, that is not the im- 
mediate object of the exercise, but if 
some of those attending wish to discuss 
such a possibility, so well and good. 
PETER KENT 
The Geological Society 
of London 
KINGSLEY DUNHAM 
Institute of Geological 
Sciences, London 
PERCIVAL 
University of Reading 


Reply from Chile 


Sirin your journal (March 29) you 
published a letter sent to you by well 
known scientists who referred to the 
“dramatic conditions of the Chilean 
academic community”. As these scien- 
tists have great influence in the scientific 
community, I must reply to such a 
letter. 

I was in fact nominated as Rector of 
Universidad Católica de Chile by the 
Junta Militar de Gobierno, which 
designation was confirmed by a Decree 
of the head of the Catholic Church in 
Chile and Gran Cancillar of this Uni- 
versity, Cardinal Raul Silva Henriquez. 
Nothing said in the letter referred to, 
corresponds to the real situation in this 
University since the day I assumed 
office, early in October, 1973. 

Contracts of academics are not pro- 
visional as the letter suggests. It is true 
that some of them have been dismissed 
although no special Commission has 
existed for this purpose. They were dis- 
missed because they simply abandoned 
their job or because they never antici- 
pated in the academic life of this 
University or any other but preferred 
political activities instead of doing the 
work they were paid for. 

In any case, the number of academics 
dismissed from this University is less 
than the figure of 65 quoted in the 
letter. This is out of a total of over 
2,000 teachers. In all cases of dismissal 
full legal compensation has been paid. 
None are natural scientists; they all 
belong to the social sciences, mainly 
sociology and political science. 

, None of the 11,500 students in this 
community has been dismissed and so 
there has been no need of reregistration. 

With regard to the staff in prison or 
executed, some teachers and administra- 
tors have indeed been questigned. Very 
few are still in prison (only 5) and legal 
procedures are followed to clarify their 
responsibilities “for the crimes of which 


ALLEN 


they are accused, according to tradi- 
tional Chilean law. They have been 
allowed legal defence, as it is a long 
standing custom in Chile which nobody 
here has forgotten. As to the executions 
which they claim have happened, | 
would like to hear of one member of 
this University who has suffered, for I 
know of none. 

As to the departments which have 
been dismantled, none of the examples 
given in the letter has occurred here. No 
Faculty or Institute has been closed 
except for two political centres whose 
Marxist political inspiration was dedi- 
cated to public indoctrination. 

Nevertheless, I can say that those who 
judge us seem to ignore the facts and to 
forget our previous history. They have 
not considered at all what has really 
happened in the University. They have 
not considered that the Supreme Court 
and the Congress had previously 
declared the former government illegal, 
nor that our Armed Forces have 
historically been politically neutral, nor 
the people’s claim over the last two 
years to remove the Marxist régime 
which was destroying all our rights 
and most beloved traditions. Scientists 
particularly, should be aware that proof 
is required before any decision. Nobody 
should say anything which he may 
regret the next day; nobody should 
allow themselves to be the instrument 
of others hidden intentions. 

In this sense, | trust that time and 
history will establish what really hap- 
pened in this country, despite all inten- 
tional and = international campaigns 
agamst Chile. 

Jorge Swerr MADGE 
Universidad Catolica de Chile, 
Santiago, Chile 


Penicillin 
Sir,—-Your article (Nature, May 24) 
on cancer research by Brian Ford con- 
tains the statement that it was the war 
effort and directed research which gave 
us penicillin. This statement is in- 
correct. The reinvestigation of peni- 
cillin which led to the discovery of its 
curative properties was started in 1938. 
well before the outbreak of the war, 
and its aim was not the practical one of 
discovering a new chemotherapeutic 
agent. 
ERNST CHAIN 

Department of Biochemistry, 
Imperial College of Science and 

Technology, 
London, SW7, UK 
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abbit—scallop 
transplants | 


COMPARING and contrasting animals of widely different form 
is a common pastime for muscle specialists, since in their 
field similarities generally outweigh differences and there is 
much common ground for detailed correlation. In general, 
muscle contraction takes place by some kind of sliding fila- 
ment mechanism, that is, by relative movement of actin and 
myosin filaments, and regulation of the system is mediated 
by the level of calcium ions. Within this fundamental frame- 
work, however, there is considerable variation of detail in 
the Animal Kingedom—in the way, for example, the calcium 
control is exercised. In vertebrate skeletal muscle, changes 
of calcium level affect the muscle activity by modifying the 
troponin and tropomyosin components of the actin filaments, 
whereas in the muscles of molluscs and some primitive 
invertebrates myosin and not actin is controlled. In some 
invertebrates there is dual control, that is, both types of fila- 
ment are involved in regulation. Evolutionary forces are 
clearly at work here, and the understanding of problems of 
animal specialisaticn and adaptation provides an interesting 
background to the more fundamental task of elucidating the 
molecular basis of muscle contraction. 

Myosin is a protein with a long tail portion and two glob- 
ular heads. From the heads may be dissociated polypeptides 
of relatively low molecular weight, the so-called light chains. 
In rabbit skeletal muscle myosin there are two classes of light 
chains, one class released by alkali and the other by DTNB 
(5,5’-dithiobis-(2-nitrobenzoic acid)). The alkali light chains 
have been shown to be involved in the enzymatic activity 
of the myosin, but the function of the DTNB light chain has 
long remained a mystery. Scallop muscle myosin, on the 
other hand, has light chains released by EDTA, and without 
these chains the splitting of ATP by the myosin~actin system 
is not susceptible to changes of calcium, that is, the myosin 
becomes ‘desensitised’. Is it possible, therefore, that the 
DTNB light chain in the rabbit has a role analogous to that 
of the EDTA chain in the scallop? H it does play a part in 
calcium regulation, how significant is its function relative to 
the actin-linked control? Perhaps the existence of the DTNB 
light chain is vestigal, an evolutionary relic of the more 
primitive scallop type of myosin regulation that has been 
usurped by sophisticated actin control? To test these ideas, 
Kendrick-Jones (see page 631 of this issue of Nature) has 
carried out molecular transplants in which the DTNB light 
chain from rabbit is grafted onto desensitised scallop myosin, 
Sure enough, the sensitivity is retrieved. This is a most 
remarkable result, and a triumph for advanced protein 
techniques which, together with the investigator’s skill, can 
bridge a gap that was many millions of years in the making. 

The DTNB light chain restores the calcium sensitivity 
more fully to the intact scallop myofibrils that have been 
treated with EDTA than to preparation of pure scallop 
myosin similarly treated. There is no evidence that the 
DTNB reacts directly with any protein other than the 
myosin, however, and it is possible therefore that actin in 
the myofibrils may have an indirect effect by stabiliSing the 
myosin in some way. Experiments with radioactivity labelled 
DTNB light chains show that one mole is bound per myosin 





polypeptides are likely to be essentially the ¢ 
ing of the DTNB light chain is tight and spe 








































other rabbit light chains--the ones rele ased by 
cannot be made to bind to scallop myosin or to @ 


calcium sensitivity. . 
Since rabbit turns on scallop, what can the latte 
return? Kendrick-Jones has not omitted this mm} 
alternative, but, disappointingly, the full recipro 
ship is not established. Although radioactive lab 
that the scallop EDTA light chain will bind to rabbi 
that has been treated with DTNB, the myosin does 8 
become calcium sensitive. Sull, the fact that the two 
types are interchangeable is interesting enough, ard tne 
interest is intensified by the knowledge that their chemi al 
structures have no obvious similarities. 
oe IS g direct p ienee for Dn nes a part in 


calcium. y 
indicated that ae eine of the span ea 
when the calcium level is changed. When, howe 
myosin is extracted from the muscle, its ability to sp 
in the presence of pure actin is unaffected by the ce 
level, though it does bind small amounts of calcium. © 
fault may lie here in the extraction and purification pr 
cedure. | 
Some living organisms have myosin-linked regwiati 
some actin-linked, and some have both. The trans 
gradation between these regulatory mechanisms, th 
tionary significance and what particular physiologi 
tages are conferred by the possession of one or other or 
remain fascinating questions. It could be argued, H 
that the scope at least of the problem has been 
passed by Kendrick-Jones’s successful r 
chains separated by aeons, and union of two ani 

ciently dissimilar to startle even Edward Lear. 
E. J. O'Bate} 


Aspects of the 
asthenosphere 


Ir may be a cliché to say that the Earth's asthenosph 
exerts a profound influence on the crust and litho 
above, but it is neither less true nor less important. 
ment for that. Irrespective of whether convection curre 
are limited to it or go deeper, the asthenosphere 
plays a crucial part in the horizontal motion of contin 
and ocean floors; it is the source of at least some of 
material which finds its way from the mantle to the Eart 
surface, and is closely related in composition te that pa 
of the mantle which provides the rest; and it is the ulti 
means by which a crust with a changed load may. 
isostatic equilibrium. In other words, it gè 
behaviour ofthe upper layers of the Earth to such a: 
that the determination of its physical and chem al 
perties can be safely said to be one of the genuinely 
fundamental problems in the Earth sciences. 2 


eAnd for obvious reasons it is a problem both diffiealt 
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and complex——characteristics which provide considerable 
opportunity for disagreement. On the other hand, there are 
some things that can be said with little fear of contradic- 
tion. Presumably few people would now object to, for 
example, the general definition of the asthenosphere as a 
layer with no enduring resistance to a shearing stress and 
thus with a finite strength small enough to be neglected 
(Le Pichon et al., Plate Tectonics, Elsevier, 1973). It is 
interesting to note, however, that modern as this difinition 
may sound, the possibility of flow inherent in it had actu- 
ally been implied by the acceptance of the principle of 
isostasy more than a century ago; and it was the problem 
of isostasy which later led Barrel (J. Geol., 22, 441 and 655; 
1914) to incorporate the flow property into a layer model 
involving a ‘lithosphere’ and an ‘asthenosphere’. In other 
words, by a curious coincidence the concept of an astheno- 
spheric layer came about independently at almost exactly 
the time that Wegener was proposing continental drift, the 
phenomenon that would later require the characteristics of 
the asthenosphere to provide a convincing mechanism, 

But it was to be a long time before the asthenosphere 
would be properly defined in non-isostatic terms, even 
though the process began with Gutenberg’s early sugges- 
tion (Z. Geophys., 2, 24; 1926) that the general monotonic 
increase in seismic velocity with depth in the Earth may 
not be applicable to the uppermost mantle. Much later, in 
the light of many more and more modern seismic investi- 
gations, Gutenberg (Physics of the Earth’s Interior, 
Academic Press, 1959) was able to propose the existence 
of an upper mantle low velocity zone having a minimum 
P wave velocity at a depth of about 100 km and a mini- 
mum § wave velocity within the depth range 100-200 km, 
the maximum decrease in velocity being a few percent for 
each type of wave but slightly greater for S waves than P 






PROTEIN synthesis in Escherichia coli begins after the 
ribosome and transfer RNA,“ have bound to a region 
of the messenger RNA containing the initiator triplet 
codon. An intriguing question is how the machinery 
recognises and selects the correct AUG (or GUG) 
codon out of others that may be fortuitously or other- 
wise present. Maybe a specific sequence of bases is 
recognised or maybe there is some aspect of the 
secondary structure with a recognisable shape. 

An approach to this problem is to make use of the 
fact that initiation complex is stable in the absence of 
other charged tRNA species so that protein synthesis 
is prevented from taking place. It has been found that 
a region of the messenger RNA is protected from 
attack by endonucleases by the bound ribosome and it 
is tempting to believe that these protected regions con- 
tain the features that are recognised as well as the 
initiator codon. 

The base sequence of several such ribosomal binding 
sites have already been published for various cistrons 
of various phages and a possible initiator triplet has 
invariably been found. In some of these sequences the 
protected sequence looks as if it could form a region 
of helical secondary structure with the codon in the 
loop, and it has been mooted that it is some aspect of 
this structure that is recognised by the E. coli ribosome. 

This attractive notion seems to be confounded by 
work by Maizels (see page 647 of this issue of Nature). 
She had already reported the sequence*of the first 63 
bases of the lactose operon messenger RN* transcribed 
from the CAP-independent UV5 promoter mutant. 
The first AUG triplet occurs at positions 39-41 and is 
followed by 21 bases that code for the first seven amino 
acids of #-galactosidase. This suggested that translation 


Recognition of lac initiator 
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waves. It now seems doubtful whether the P wave channel 
is universal, but the more pronounced S wave low velocity 
zone has been confirmed. It probably begins at a depth of 
70-80 km beneath typical ocean basins and in the range 
110-130 km beneath continental shields, in each case end- 
ing at a depth of about 250 km (Press, J. geophys. Res. 75, 
6575; 1970). The viscosity in the vicinity of this zone is also 
apparently low, both Gordon (Geophys. J.. 14, 33; 1967) 
and McKenzie (Geophys. J., 14, 297: 1967) having esti- 
mated a value of about 10°' poise which thereafter rises 
very rapidly with depth. In summary, then, the astheno- 
sphere seems to be a relatively thin upper mantle layer 
which varies somewhat in depth and thickness according 
to the tectonic environment above, in which seismic 
velocity is anomalously low (and seismic attenuation high), 
and in which viscosity is also particularly low. 

But how does this peculiar combination of properties 
arise? According to Ringwood (in The Earth’s Crust and 
Upper Mantle, American Geophysical Union, 1969), there 
are several ways in which zoning in the upper mantle 
might take place. One (mineralogical zoning) is based on 
the ability of maternal with his hypothetical ‘pyrolite’ (1 
part basalt, 3 parts dunite) composition to crystallise 
into four distinct mineral assemblages with different 
physical properties. Which of these will form at any given 
time and place will be determined largely by the inter- 
section of geotherms with the assemblages’ stability fields: 
in other words, the assemblage forming will be the one 
stable at the relevant temperature and pressure. And since 
temperature and pressure vary with depth in the mantle, so 
will physical properties. A second possibility is chemical 
zoning in which “the extensive fractional melting and 
upward segregation of low-melting components that is 
inferred to have occurred beneath highly evolved con- 





might initiate at position 39 and that ribosomes should 
protect the surrounding region. 

Maizels has gone on in her new article to sequence 
the region of this messenger that is protected by the 
ribosome in the initiation complex. The results grati- 
fyingly show that the region around position 39 is 
indeed protected, though the precise length of the 
protected region depends on the activity and nature of 
the degrading endonuclease. It next turns out that no 
obvious secondary structure can be constructed with 
the codon in the loop. 

The next step was to inspect the various ribosome 
protected regions obtained from the /ac messenger and 
from the phages to see if common sequences are pre- 
sent. From this several generalisations emerge. First, 
there is always a nonsense triplet within 22 bases of 
the initiator codon, on the 5S’ side: second, seven of 
the eleven sequences including the /ac messenger show 
the quadruplet AGGA on the 5’ side: third, many of 
the sequences, again including /ac, show a sequence 
PuPuUUUXPu (Pu is a purine and X is usually a 
purine). The significance of these findings is, however, 
further confused by the fact that these common sub- 
sequences do not occur in the same position relative 
to the initiator codon or even in the same order. 

The question remains as to whether these results 
provide a tantalising glimpse at the requirements for 
initiator recognition or whether they are only for- 
tuitous: for the possibility is still open that the binding 
of the ribosome to the protected region is not the pri- 
mary event and that the recognition involves some other 
part of*the mesSenger or even that the recognition pro- 
cess involves some other messenger specific factor. 

E. G. RICHARDS 
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tinental regions results in zoning caused by layers which 
difer in chemical composition”. In addition, regional 
variations in temperature-depth distributions will cause 
corresponding variations in elastic properties. In spite of 
these possibilities, however, any or all of which may play 
an actual part in the formation of the asthenosphere, the 
consensus is that they are not by themselves sufficient to 
account for, among other things, a decrease in S wave 
velocity from about 4.6 km s“ immediately below the 
lithosphere to 4.3 km s~ (or even 4.1 km s~' in places) at 
a depth of about 100 km. This is why several workers, 
beginning with Anderson (Sci. Am., 205, 2; July 1962), have 
Suggested that the low velocity zone implies a small degree 
of partial melting-—~a proposal which goes rather further 
than an earlier one to the effect that the low velocity part 
of the mantle is close to the melting poiat. 

Since this suggestion was first made, the conditions under 
which a small but significant part of the mantle would 
remain in a state of partial melting have been examined 
in some detail. It soon became evident, for example, that 
the stability of a very small degree of partial melting would 
be difficult to maintain if the mantle were completely 
anhydrous. As Green (D.H) and Ringwood have pointed 
out (Beitr. Miner. Petroer., US, 103: 1967), at pressures of 
20-30 kb the melting temperature interval between the 
solidus and liquidus of olivine tholeiite and picrite is less 
than 100° C, and within this range dry pyrolite would 
probably become 30% molten. Even temperature fluctua- 
tions as small as 10° C would produce about 5% partial 
melting. In other words, for a dry mantle the degree of 
partial melting is very susceptible to temperature changes, 
making for an instability with which magma bodies would 
form and surface volcanism would occur on a greater scale 
than is actually observed. Or to put the matter another 
way, the assumption that partial: melting occurs in the 
mantle because the geotherm rises above the dry solidus 
cannot be sustained because the geotherm would have to 
be finely controlled and constrained close to the solidus 
to prevent the production of too much liquid and the 
resulting instability. 

So some stabilisation mechanism i must be found; and one 
which has achieved a high degree of creditability in recent 
years is the presence of water. Numerous experimental 
studies have shown that even a very small proportion of 
water (say, 0.1%) will lower the melting temperatures of 
material thought to comprise the upper mantle by several 
hundred degrees, thereby increasing the interval between 
the solidus and the liquidus. The chemistry and mineralogy 
is quite involved, but the net physical effect of this increase 
is greater stability against temperature changes. After the 
occurence of a very small degree (say 1%) of partial melt- 
ing-—often termed incipient melting to distinguish it from 
the 5-30% partial melting required to form magmas—a 
comparatively large change in temperature will cause only 
a very small change in the degree of melting. And the fact 
that the amount of liquid produced varies little throughout 
a wide range of temperatures is widely thought to explain 
how a low velocity zone with little variation in properties 
can exist beneath a wide range of tectonic environments. 

Details apart, however, what is clear from all this is 
that a great deal of thought and experimental work has 
gone into supporting the apparently simple proposition that 
the asthenosphere is a manifestation of incipient melting. 
This does not necessarily mean that the conclusion is 
right, of course—-but at the same time, it does mean that 
anybody coming to the opposite view faces a difficult task 
in convincing others. In their article on page 617 of 
this issue of Nature, Green (H.W.) and Gueguen come to 
the opposite view. Whether their argument will be thought 
to carry the necessary conviction remains “to be seen, 

In the meantime, it is interesting to note the mild irony 
involved in the fact that Green and Gueguen come to 
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their conclusion from a study of kimberlite oi 
that kimberlite pipes (which occur in India, i 
States and Siberia but are best known over a 
million square kilometres of southern Africa) 
diamonds implies that the kimberlite magma origin 
asthenospheric depths (pressures), or, as Green 
Gueguen themselves argue, at lower asthenospheric 
And the fact that they contain large numbers of 
(genetically unrelated inclusions) acquired on. the 
journey, not only of crustal rocks but alsa of 7 
known to occur in the local crust, implies 
‘unknown’ xenoliths comprise a random sary 
mantle rock types cut by the pipes. So the x 
valuable source of information on the compositia 
mantle materials (at least beneath stable con 
regions}—materials whose studied behaviour led t 
conclusion that the asthenosphere must be partialit i 
But now Green and Gueguen have used the very 
xenoliths (among other things) in quite a different wa 
show that the asthenosphere cannot be partially melt 
PETER J. SM 

















































THE observation by Bozler, Bernier, Gully, Richardson wad. | 
Lee of Cornell University (Phys. Rev. Lett., 32, 875, 1974r. 
of a longitudinal nuclear magnetic resonance at k 
quency which had been predicted by Leggett of the 
versity of Sussex (bid., 31, 352; 1973) suggests that t 
is again starting to catch up with experiment in atten 
to reach an understanding of superfluid “He. 
For more than a decade theory had been well ahea 
that a superfluid transition had been predicted, but Hac 
been discovered experimentally. This prediction stemr 
from an extension of the theory which Bardeen, Coo 
and Schrieffer had devised (the BCS theory) to account. 
superfluidity of the electron gas in a superconducting me 
to describe assemblies of neutral particles, and liquid ‘E 
particular. The basis of the BCS theory is the idea that. 
the presence of an attractive interaction between. 
selves, the electrons can reduce their total energy by 
ing pairs with opposite spin and momentum. To break 2 
one of these co-called Cooper pairs requires a ¢ 
minimum amount of energy, so that any dissipati 
cess which is unable to provide this minimum en 
not occur, and flow of the electrons without disi 
energy is therefore possible provided that a critical v 
is not exceeded. In the case of a superconductor 
attractive interaction between the electrons, which 
able to overcome their mutual Coulomb repulsion, ar 
through slight distortions in the lattice of positive ions i 
the region of each electron. l 
Like electrons, “He atoms also carry a net spin angular 
momentum of 4h and similarly, being fermions (unlike * 
atoms), it is rigorously forbidden for more than one of the 
to be in the same state. Liquid “He is, of course, i 
other ways very different from a superconductor. In parte 
cular, there is no lattice and the atoms of which it is con 
posed are electrically neutral. It was realised, however, thy 
an effective attractive interaction might exist between t 
"He atoms if their mutual angular momentum was 
so that a new form of Cooper pair might thus be 
This orbital angular momentum had to be quantis 
with 7 an integer, and a variety of suggestions wW 
concerning both» the likely value of / and also the f 
orientations of the two spins and the orbital moti 
pair which would give the lowest energy, and thus ti 
the most probable state of the assembly. Because such 
assembly is composed of neutral atoms, the predicted state 
was referred ‘=z superfluid rather than super- 
conducting. 
The observation in, 1972 by Osheroff, a postgraduate 
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student at Cornell, that liquid “He under 
pressure undergoes two separate phase 
transitions as it is cooled below 3 mK 
seemed to indicate that the long pre- 
dicted superfluid state had been dis- 
covered. Subsequent experiments at 
Cornell, La Jolla and Helsinki seem to 
have confirmed that both new phases 
of the liquid are indeed superfiuids. 

When a magnetic field is applied to 
normal liquid “He, above the super- 
fluid transition temperatures, each 
nuclear spin has a choice of occupying 
one of two possible states separated by 
an energy hor depending on whether 
it is parallel or anti-parallel to the field. 
The absorption of energy which 
occurs when electromagnetic radiation 
of frequency œ, is applied at right 
angles to the magnetic field, is refer- 
red to as nuclear magnetic resonance 
(NMR), and is a consequence of trans- 
itions being induced between the two 
energy levels. It was found that as 
liquid “He cooled below the higher tem- 
perature phase transition into the so 
called A phase, the NMR frequency 
rose rapidly; and on reaching the second 
transition and entering the lower 
temperature B phase, the frequency 
suddently reverted to the original value 
which is posessed in normal liquid *He. 
From these phenomena it was inferred 
that Cooper pairs in the A phase were 
formed with their spins parallel, pro- 
ducing a resultant spin angular 
momentum with consequent magnetic 
effects; but that those in the B phase 
were probably antiparallel, with no 
resultant spin and therefore no shift in 
the NMR frequency. It seems probable 
that in both the superfluid phases the 
orbital action of all the pairs is highly 
correlated so that there is a resultant 
orbital angular momentum describing 
the liquid as a whole, which might 
therefore be regarded as an orbital 
ferromagnet, and many of whose 
properties would clearly vary depend- 
ing on the direction in which they were 
measured. An anisotropic superfluid 
of this sort is an object previously 
unknown in nature. 

Much theoretical discussion has 
centred on the way in which the spins 
and orbital angular momenta are cor- 
related with each other, but it now 
seems fairly well agreed that in the A 
phase the Cooper pairs each have a 
resultant orbital angular momentum of 
magnitude lh, and that the spin and 
orbital moments for each pair lie at an 
angle to each other. Leggett, in his 
1973 paper, considered various states 
of this type and predicted the magnetic 
properties which might be observed for 
each. In particular, he showed that for 
one possible state, the so called axial 
state, there should be a longitudinal 
NMR absorbtion, in addition to the 
usual transverse one, whose frequency 
@(7T) was independent of magnetic 


¢ 
field and which was connected by the 
simple relation o=o, + (T) to the 
shift with temperature of the transverse 
NMR signal of frequency o. 

Members of the Cornell group have 
now carried out the experiment sug- 
gested by Leggett. They have been able 
to determine @.(T), first, by observing 
directly the predicted longitudinal 
resonance and, second, by measuring 
the shift with temperature of the trans- 
verse resonance. Values of «w(7) 
derived in these two different ways 
were indeed found to be in good agree- 
ment with each other, except very 
close to the upper transition tempera- 
ture. Many features of the data require 
further investigation, notably the 
change with temperature of the line- 
width of the longitudinal resonance, 
but the Cornell experiment does appear 
to have demonstrated unambiguously 
that the A phase of superfluid “He is 
in the axial state described by Leggett. 

From a Correspondent. 


Hexosaminidase and 
Tay-Sachs disease 


from a Correspondent 


One of the two main electrophoretically 
distinguishable N-acetyl hexosamini- 
dases (hexosaminidase A) is deficient in 
tissues of patients with Tay-Sachs 
disease, a fatal inherited disorder of 
infants in which the complex lipid, 
ganglioside GM, accumulates exces- 
sively in the brain. Hydrolysis of the 
terminal N-acetyl galactosamine from 
GM: is presumably normally catalysed 
by hexosaminidase A but not hexo- 
saminidase B. Several important ques- 
tions still remain to be answered, 
however, concerning the nature of the 
relation of the enzymes to each other 
and also the low activity reported 
(Sandhoff and Wassle, Hoppe-Seyler’s 
Z. physiol. Chem., 352, 1119; 1971) of 
purified hexosaminidase A towards 
GM. 

That a genetic relationship exists 


` between A and B was indicated by the 


discovery that in some patients both 
the A and B enzymes are deficient 
(Sandhoff’s disease). The enzymes also 
resemble each closely—in particular 
they have the same molecular size, and 
antisera raised to either enzyme will 
cross react with the other form. Two 
main hypotheses have been seriously 
considered, one being that A is formed 
from B by an enzymatic conversion 
which affects a non-protein portion of 
the molecule (the converting enzyme 
beng deficient in Tay-Sachs disease) 
and® the other that the enzymes are 
both multimeric being made up of 
similar and dissimilar subungts. j 

These problems have been discussed 
again recently in several papers and 

o 
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some interesting new evidence has been 
presented (Srivastava et al, J. biol. 
Chem., 249, 2043; 1974, Srivastava et 
al. ibid., 2049; Srivastava and Beut- 
ler, ibid., 2054; Lalley ef al, Proc. 
natn. Acad. Sci. U.S.A., 71, 1569, 1974; 
Li et al, J. biol. Chem., 248, 7512; 
1973). Srivastava, Beutler and colleagues 
have purified the N-acetyl hexosamini- 
dases of human placenta to homo- 
geneity. They claim that the amino acid 
compositions of the two enzymes are 
different. The molecules were found to 
be multimeric by SDS (sodium dodecyl 
sulphate) electrophoresis (and if they 
are right they are hexamers). Immuno- 
logical studies have demonstrated that 
a specific anti-A antibody can be 
formed in addition to the non-specific 
cross reacting anti A/anti B. Patients 
with Tay-Sachs disease possessed no A 


antigens whereas one of the two 
‘Sandhoff’ patients had antigenically 


detectable A and B proteins, and the 
other patient had the A protein only. 
The authors conclude that the A and B 
enzymes possess subunits in common 
(B) and that at least A must have 
specific subunits (@) determined by a 
separate locus such that A is (a8), and 
B is (ə or alternatively (By), (y 
representing a polypeptide subunit 
determined by a third locus). The defect 
in Tay-Sachs disease would represent a 
mutation causing the diminished pro- 
duction of a chains, whereas that in 
Sandhoff’s disease would be a mutation 
of the 8 chain {the two patients 
described probably having different £ 
mutations). 

Suggestive evidence for this type of 
model came from the immunological 
findings, but the main support came 
from the amino acid analysis so it will 
be of particular interest to see whether 


the amino acid differences (which are 


certainly not great) can be substantiated. 

Evidence which is consistent with 
the two locus model of Srivastava er al. 
(and also with the conversion model) is 
presented by Lalley et al. from their 
human—mouse cell hybrid results. As 
the human chromosomes are shed from 
hybrid cells the enzymes determined by 
genes on those chromosomes are also 
lost. On careful examination of 60 
hybrid clones they observed the loss of 
A and B together, A without B, but 
never B without A, and concluded that 
the expression of A requires the 
presence of the gene coding for B as 
well as the gene for A expression, and 
that the two loci are on different 
chromosomes. They also provide a 
probable explanation for the conflicting 
results of another group (van Someren 
and van Henegouwen, Humangenetik, 
18, 171; 1973). 

Synthetic substrates have largely been 
used to characterise the hexosamini- 
dases. Srivastava eż al. and also Li et ai. 
report that much of the original activity 
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of their tissue extracts towards the 
presumed. in vivo substrate GM» was 
lost on purification of hexosaminidase 
A. Li and colleagues, however, provide 
exciting new evidence that hexosamini- 
dase A (but not B) activity towards 
o GM: can be stimulated by a non- 
_ dialysable, non-enzymatic, heat-stable 
| ctor’. How does this finding fit 
the subunit model? Is the factor 
4 itegral part of the hexosamini- 
dase A molecule? Further purification 
and characterisation of this component 
will clearly be informative. 


East and West 
ribosomes 


from a Correspondent 


A SYMPOSIUM on ribosomes organised 
at Schloss Reinhardsbrunn from: May 
13-16 by the Biochemical Society of 
the German Democratic Republic pro- 
vided a rare opportunity for scientists 
from East and West to discuss their 
work together at first hand. Many of 
the reports came from the two big ribo- 
some groups in Berlin, with eukary- 
otes to the East of the Wall and 
prokaryotes to the West, and the time 
of the meeting was evenly divided be- 
tween the two classes of ribosome. 
To start with the prokaryotes, H: G. 
Wittmann summarised the work being 
done in West Berlin on mutant pro- 
teins from both subparticles of Escheri- 
chia coli and B. Wittmann-Liebold 
(W. Berlin) described amino acid sequ- 
ences of many of these proteins; a clear 
pattern of amino acid changes in 
mutants of several proteins has 
emerged. The emphasis in E. coli has 
moved to the 50S particle, and R. 
Brimacombe (W. Berlin) reported two 
508 ribonucleoprotein fragments, one 
containing proteins known to associate 
with 58S RNA, From the work of V. 
Erdmann (W. Berlin), it now clear that 
5S RNA is capable of interacting with 
the T¥CG loop of transfer RNA, and 
D. Richter (W. Berlin) showed further 
that oligonucleotide TY¥CG inhibits 
ribosomal functions associated with the 
A (aminoacyl tRNA) site, but does not 
affect the -P (peptidyl tRNA) site. I. 
Rychlik (Prague) described a very 
specific inhibitor (TPCK) which pre- 
vents the formation of-a ternary com- 
plex between tRNA, GTP and the 
elongation factor Ty. In other experi- 
ments on 508 sites, K. Nierhaus (W. 
Berlin) rebound single 50S proteins 































to lithtum chloride cores, to identify 
4. peptidyl 
©" transferase activity and chlorampheni-. 
col binding. A similar approach was- 


the proteins involved in 


used by G. Howard (Basel Institute for 
Immunology) to look for proteins in- 
volved in binding of elongation factor 
G and the antibiotic thiostreptone. 
Affinity labelling is a technique 


which is being used with great 
success to pinpoint functional centres 
on the ribosome. O. Pongs (West 
Berlin) reported experiments with 
analogues of chloramphenicol and 
puromycin, and W. Moller (Leiden) 
an analogue of GTP. E. Küchler 
(Vienna) used affinity label analogues 
of both tRNA and mRNA designed to 
attach to protein, and also a tRNA 
analogue which reacted with the 3’ 
half of 238 RNA. A. Girshovitch 
(Poustchino) and D. Knorre (Novosi- 
birsk) both preferred to use tRNA 
analogues which could attach to pro- 
tein or RNA, and found that the RNA 
was preferentially attacked. 

Coming now to the eukaryotic re- 
sults, the affinity label method has 
also been used successfully here by J. 
Stahl (E. Berlin) to identify two pro- 
teins at the 60S A site with a puromy- 
cin analogue. H. Welfle (E. Berlin) and 
P. Westermann (E. Berlin) reported 
experiments on iodination of rat liver 
ribosomes. Those of Westermann 
were particularly interesting, as he was 
able to show which proteins are speci- 
fically protected from iodination by 
bound mRNA, tRNA and factors. W. 
Möller (Leiden) found that two acidic 
proteins from yeast 60S ribosomes 
could be interchanged with proteins 
L7/L12 from Æ. coli, with retention 
of EF activity. The surface of eukary- 
otic ribosomes is rich in pyrimidines, 
according to M. Saarma (Tartu) who 
suggested that these could interact 
with poly(A) as the first step in mRNA 
binding. 

On the strictly functional side, H. 
Bielka (E. Berlin) showed that ribo- 
somes from different tissues are very 
similar in activity, but that the cor- 
responding cytosolic fractions are very 
variable. The ever-increasing com- 
plexity of mammalian initiation was 
summarised by T. Staehelin (Basel 
Institute for Immunology); the num. 
ber of initiation factors now stands at 
six, and ATP is also involved. H. 
Bloemendahl (University of Nijmegen) 
described his calf eye-lens cell-free 
system, which seems a useful alter- 
native to the reticulocyte system, and 
a good summary of current knowledge 
of ribosome-membrane interaction 
came from G. Blobel (New York). G. 
Shapira (Paris) talked about his new 
RNA species which stimulates protein 
synthesis; it is about half the size of 
tRNA, and seems not to be inter- 
changeable between different systems. 

Finally, the electron microscopists 
V. Vasiliev (Poustchino), N. Kiseleve 
(Moscow) and G. Lutsch (E. Berlin) 
were in reasonable agreement that the 
smaller subparticle of both pro-and eu- 
karyotic ribosomes is divided into two 
distinct regions of unequal size, but 
failed to agree on the shape of the 
large subparticle of eukapyotes. 


‘Locusta there are six distinct lipo 







































Protei OPO 
of juve 


from our | 
insect Ph ysiology : 


It has long beens 
soluble ena 
ported in the haem 
association with ¢ 3 
which was likely t 
Emmerich and Hart 
Physiol., 19, 1663: 197 
that in the haemolymph of adult f 





fractions _and one of these (mote 

weight 220,000) binds the “jy g) 
hermotier of cecropia. it closely 3 
sembles the lipoprotein which - 
juvenile hormone in Hyatle 
cropia itself (Whitmore and 
insect Physiol, 18, 1153: 
seemed a reasonable suggestion th 
might in fact be a specific carrier 
protein which could have a very 
portant role in the action of the jur 
hormone in preventing its unspect! 
corporation into the lipophilic phi 
of the cells and its rapid breakde 
inactive carboxylic and hyd ated - 
ducts. 7 

But Kramer ef al, with Law (Proc. 
natn. Acad. Sci. U.S.A., Th, 493; 1974), 
have now recognised the existence of 
a somewhat different specific juvenile 
hormone binding protein in the hae: 
lymph of the hawkmoth caterpi 
Manduca, The authors point out t 
the Cis juvenile hormone, the chief fo 
in the silkmoth Hyalophora cecer 
has considerable solubility in ww 
yielding a monomeric solution exc 
ing 10M. The binding protein t 
molecular weight around 34,000: i 
a much higher affinity for the | 
and its analogues than for the pre 
of hydrolysis. Kramer et al, found £ 
there is sufficient of this specific protein 
carrier in the haemolymph and it binds 
hormone at a sufficiently low dissocia- 
tion constant, for it to take up virtually: 
all hormone present in normal phy: 
logical conditions. They find, indeed, 
that the juvenile hormone is taken up 
by lipoprotein only when the binding 
protein has been saturated. 

Besides transport in the haemolymph, 
the question arises as to whether 
analogy with the action of oestrogens 
in vertebrates, the juvenile — Or 
binds to a specific receptor in its target 
organs. It is well known that the insect 
epidermis is the chief site of action of 
the juvenile hormone. Schmialek er. al. 
(Z. Naturforsch., 28C, 173 and 443: 
1973) have obtained new evidence of a 
receptor protein in the epidermal cells 
of the Tenebrio pupa. Using the juvenile 
hormone analogue 10, ll-epoxy-6, 7- 
trans-2, 3-trans-farnesylpropenylether as 
the active substance, they found that the 
target cells will accumulate this agains? 
































ore slowly than non-target 


- affinity for the active substance, a very 
low affinity for the breakdown products. 
It contains RNA in association with 
protein. 


Filling the gap 
with the pin cherry 


from Peter D. Moore 
Plant Ecology Correspondent 















Ir is now fairly well established that 
during the course of succession leading 
to deciduous forest in temperate 
climates, the peak in plant species 
diversity occurs at about 100-200 years 
(Loucks, Am. Zool, 10, 17; 1970). 
Following this the full attainment of 
dominance by deep shade-casting trees 
and the establishment of a shade 
tolerant understorey community lead to 
the elimination of many light demand- 
ing plant species more typical of the 
seral stages. Natural climax forest, how- 
ever, has an uneven population age 
structure and is subject to random 
perturbations resulting in the opening 
of the canopy, for example as a con- 
sequence of lightning strikes and wind- 
blows. A mature, stable forest in 
equilibrium with its environment 
possesses fragments of seral vegetation 
within its clearings, and its species 
diversity is therefore greater than one 
might suppose, if an adequate sample 
area is studied (see Hope Jones, Br. 
Birds, 65, 291; 1972). 

Marks (Ecol. Monogr., 44, 73; 1974) 
has made specific studies of these self- 
healing attributes of climax ecosystems. 
In particular he has concentrated on 
the modifications in life cycle, and 
dormancy and seed dispersal mech- 
anisms associated with those species 
which recolonise areas laid bare by 
natural perturbations. In ecosystem 
terms, a gap represents a suboptimal 
utilisation of the available resources— 
for example, light, moisture, nutrients— 
and the species which are to exploit 
such a situation must either arrive 
rapidly by seed, or their dormant seeds 
already present in the soil must germin- 
ate and grow. | 

“In New Hampshire, an important 
‘species which fills this role is the pin 
-cherry (Prunus pensylvanica). It is not 
o. found in mature forest communities, 
but is restricted to clearings in which 
the forest has suffered disturbance. If 
soil of a disturbed area contains 
‘abundant pin cherry seeds in a viable 
‘state, then a dense stand with a closed 
-canopy develops within about 3 yr. In 
this case the climax species, sugar 
maple (Acer saccharum) and beech 


(Fagus grandifolia) grov 


ation: gradient and. will de- eath th 
canopy and assume dominance after — 





about 25-35 yr. If the original soil 
density of pin cherry seeds is low, then 
birch and aspen become established at 
an early stage by seed coming from out- 
side the system, and the final dominance 
of sugar maple and beech may be 
delayed until 80-90 yr have passed. 

This buried seed strategy which 
results in the maintenance of pin cherry 
populations, demands a fairly high 
density of viable seeds surviving in the 
soil of the mature phase of the forest. 
Marks found densities varying between 
300,000 and 500,000 viable seeds per 
hectare at two such mature forest sites 
in which pin cherry was rare or absent. 
Original fruit production by dense pin 
cherry stands was estimated to be 
between 2 and 3 x 10° fruits ha~’. Germ- 
ination is triggered by forest disturb- 
ance; in laboratory tests removal of 
endocarps stimulated germination. The 
longevity of seeds in soil is difficult to 
examine experimentally, but was 
estimated to be about 50 yr. The clear- 
ance of forest which had been in mature 
phase for 80-100 yr resulted in little pin 
cherry regeneration. 

Once established, pin cherry grows 
and accumulates nutrients more rapidly 
than the final climax dominants, which 
accounts for its success during the early 
stages of forest recovery. As far as 
ecosystem regrowth is concerned, the 
nutrient demand of pin cherry results 
in the conservation of nutrient capital 
which might otherwise have been lost 
by leaching. 

Stability in climax ecosystems is 
usually defined in terms of the system’s 
capacity to recover from disruption. 
Evidently this stability depends ulti- 
mately on species, like the pin cherry, 
which may be totally absent from stands 
of mature climax dominants, or repre- 
sented only by seeds lying dormant in 
the soil. 


Polyadenylation 
in the cytoplasm 


from Benjamin Lewin 
Molecular Genetics Correspondent 


Tue purpose of nuclear polyadenylation 
remains obscure and an addition to 
this puzzle is now made by the observa- 
tion of Slater and Slater (Proc. natn. 
Acad. Sci. U.S.A., T4, 1103-1107; 1974) 
that cytoplasmic polyadenylation takes 
place in sea urchin eggs. It is by now 
“well established that in mammalian cells 
ə sequence of about 200 adenine resi- 
dyes is added to the 3’ end of an hetero- 
geneous nuclear (hn) RNA molecule 
before cleavage of this yegion. Jhe 
poly(A)-containing. sequence is then 
transported to the cytoplasm to serve 
as, messenger RNA. Addition of poly(A) 


takes place only in the nucleus of 
mammalian cells; since inhibiting the 
addition of poly(A) prevents processing 
of mRNA, it seems reasonable to sup- 
pose that poly(A) ts implicated in some 
essential way in the maturation process. 

But poly(A) is also present in viral 
messengers found only in the cytoplasm 
and in mitochondrial messengers. Specu- 
lation that it may therefore also have 
a direct role in translation seems to 
have been refuted by research in several 
laboratories, which has shown that 
mRNA lacking poly(A) can be trans- 
lated as efficiently as MRNA containing 
it. But force to the argument that never- 
theless poly(A) must be implicated in 
some way in the cytoplasmic function 
of mRNA is now lent by the results that 
Slater and Slater report. 

Fertilisation of sea urchin eggs causes 
a sudden burst of synthesis of poly(A); 
the récent experiments of Slater er al. 
(Proc. natn. Acad. Sci. U.S.A., 70, 406- 
411: 1973) and Wilt (ibid., 2345-2349) 
have suggested that this might represent 
the addition of poly(A) to previously 
existing messengers, a situation which 
contrasts with the addition of poly(A) 
only to newly synthesised nuclear trans- 
cripts in mammalian cells. Slater and 
Slater now report experiments to test 
this model. By incubating fertilised eggs 
with both *H-adenosine and “C-uridine, 
they distinguished newly synthesised 
mRNA (which possesses the "C label) 
from mRNA synthesised before fertili- 
sation (which lacks this label). All RNA 
possessing poly(A) should contain a 
tritium label; and if this mRNA was 
synthesised previously the *H-adenosine 
should be located exclusively in the 
poly(A) segment, whereas if these mole- 
cules are newly synthesised some label- 
led adenosine should be present also in 
the other parts of the messenger. 

The °H and “C labels show a different 
sedimentation distribution, which im- 
plies that they must enter different 
mRNA species; that is, the poly(A) ts 
not added simply to newly synthesised 

essengers. The *°H-adenosine which 
enters the mRNA fraction is found very 
largely in the poly(A) fraction which 
can be reclaimed after digestion with 
ribonuclease; this suggests that only the 
poly(A) part of the molecule is newly 
synthesised. 

This implies that some mechanism 
must exist in the cytoplasm for poly- 
adenylating messenger RNA, a con- 
clusion which raises many important 
questions about the possible role of this 
polyadenylation. One obvious question 
is whether the messengers to which 
poly(A) is added after fertilisation 
possessed any poly(A) to start with or 
whether they completely lacked it. If 
messengers synthesised before fertilisa- 
tion lack poly(A), then. they must be 
produced by a mechanism in part 
different from that prevailing when 
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poly(A) is added at the nuclear stage. 
Similar questions to those asked about 
the nuclear addition of poly(A) can be 
directed to the cytoplasmic addition— 
are only certain messengers selected for 
polyadenylation, what happens to mes- 
sengers which do not recéive poly(A), 
does polyadenylation have some role in 
controlling translation? No function for 
poly(A) in the cytoplasm i is yet apparent, 
but with teleological arguments becom- 
ing ever more popular in molecular and 
cell biology, many will be tempted to 
conclude that some important function 
of the poly(A) remains to be discovered. 


Eliminating 
Doppler broadening 


from a Correspondent 
THe spectra of atoms (and molecules) 
are replete with information some of 
which is unfortunately inaccessible 
because the fine structure of spectral 
lines is often unresolved. Consequently, 
spectroscopists strive constantly to 
improve their resolution. The limita- 
tions imposed on spectral resolution are 
not, however, always instrumental but 
can be inherent in the atomic assembly. 
For example, atoms of a gas present a 
whole range of velocities to the direction 
of propagation of a light source because 
of their thermal motions. Now if ve is 
the frequency of radiation required to 
raise an atom from its (sharp) lower 
State to a (sharp) upper energy state 
when it is stationary relative to the 
source, then an atom receding from the 
source ‘sees’ a number of waves per 
‘second (that is a frequency) less than 
vo. The receding atom must, of course, 
absorb radiation which it perceives to 
have frequency ve and which relative 
to the stationary source must therefore 
exceed vo. That the Maxwell-Boltzmann 
distribution of atomic velocities in the 
source direction ensures a distribution 
of absorption frequencies even though 
each atom has sharp energy levels—the 
so-called Doppler broadening. 

Doppler broadening can be overcome 
if one. selects only atoms within a 
narrow band of velocities relative to the 
source so that they all absorb at the 
same frequency. Several velocity selec- 
tion techniques are used, including 
atomic beams and laser saturation 
spectroscopy (see Nature, 235, 127; 
1972). A further, elegant method of 
dealing with Doppler broadening is 
now described independently by two 
groups (Biraben, Cagnac and Grynberg, 
© Phys. Rev. Lett., 23, 643; 1974; Leven- 
son and Bloembergen, ibid., 645). | 

The essence of the technique used by 
these authors is very simple. Both 
groups investigate the normally for- 
bidden SS<-3S electronic transition of 
the sodium atom by means of two- 





photon absorption. This transition is, 
in fact, a closely-spaced doublet (be- 
cause of coupling of electronic and 
nuclear spin angular momentum) with 
separation 784 MHz but its resolution 
is precluded in the presence of the 
aforementioned Doppler broadening 
which confers a half-width of about 
1,000 MHz on each component. 

Low pressure sodium vapour is 
subjected to monochromatic radiation 
from a tunable laser at a frequency 
equal to one half that of the 5S<-3S 
fransition but corresponding to no 


other known energy state separation 


within the atom. Those few sodium 
atoms of thermal velocity such that the 
55<-3S level separation is Doppler- 
shifted into resonance with twice the 
laser frequency can absorb simul- 
taneously (but with low probability) 
two photons from the radiation and so 
raise atoms to the 5S state. As the laser 
is tuned, a weak Doppler broadened 
absorption profile (detected by count- 
ing photons emitted from the 5S state) 
is generated as shown in the figure (a). 
When, however, a mirror is positioned 
so as to reflect the radiation back 
through the sodium vapour and estab- 
lish within it a radiation standing wave 
composed of two oppositely travelling 
waves, a given atom can absorb two 
photons by an additional mechanism— 
one from each of the counter- 
propagating beams. 

It is clear therefore that for any 
atom the Doppler shift associated with 
absorption of a photon from one beam 
is equal and opposite to that associated 
with absorption from the other beam. 
The net result is that each and every 
atom, regardless of its velocity relative 
to the radiation source, absorbs two 
photons from the standing wave but 
only when the laser frequency is exactly 
one half the 5S<-38 level separation. 
When the laser is tuned through this 
frequency the doublet character of the 
transition is resolved (see figure (b)), the 
Doppler broadening having been neatly 
eliminated. 
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One expects the weak | 
broadened signal already men 
arising from absorption of two 
from one of the component tra’ 
waves to provide a background pe 
to the observed doublet of figure { 
but this has been eliminated by 
additional sophistication of the e 
ment. The two oppositely 
beams are arranged to be . 
polarised in opposite senses. 
selection rule governing t 
between atomic electron states p 
the 5563S transition if both 
are absorbed from a ingle bee 
radiation circularly polarised mE 
one sense but not if one pho 


opposite circular polarisation. Th 
Doppler broadened pedestal is 2 
fore excluded while the sharp doublet 
remains. = 
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from Barry Cox l _ 
Vertebrate Palaeontology Correspondent 


On April 30, the Palaeobotanical 
Group of the Linnean Socie ef 
London organised a symposium on 4 
interrelationships of Palasozoic 
restrial arthropods and plants, w 
took place at the society's roo 
Burlington House. Several cor 
tions set the Palaeozoic scene. > 
Calver (University of Leeds) dis: 
the depositional environment of 
British Coal Measures. He si 
the gradually decreasing. frequen 
the marine incursions into — 
lying area of coastal swar 
briefly reviewed the two con 
theories of the deposition of coal. R 
Wagner (University of Sheffield) 
cribed the distribution of the Uh 
Carboniferous flora of the world. 
contrasted the rich equatorial — 
of Euramerica with the poorer 
more conservative Gondwana flrs, 
and showed that there were some. ine 
dications of different swampland, dry- 
land and upland floras. 

Turning to the vertebrates, A. L. 
Panchen (University of Neweastie o 
upon Tyne) described the ecology and | 
distribution of Carboniferous tetra 
pods, and suggested that the tetrapods 
might have evolved in FEuramerica, 
Though herbivorous reptiles probably 
evolved in the Upper Carboniferous, 
their remains are rare until the Lower 
Permian. 

The general evolutionary back- 
ground of the arthropod radiation was 
described by S. M. Manton (Queen 
Mary College, London). W. D, L Rolfe 
(University of Glasgow) dealt with the 












zoic. The most spectacular of these 
were the 6-foot long arthropleurids of 
the Carboniferous of Euramerica, 
which seem to have lived within the 
leaf litter, splitting it apart with their 
flattened heads and bodies—and their 
gut contents suggest that they fed on 
lycopod material. The Palaeozoic mites 
seem to be related to living forms 
which feed on fungi. 

The biology of Upper Palaeozoic 
insects was discussed by R. J. Wootton 
(University of Exeter). Insects were 
almost unknown before the Upper 
Carboniferous and, even then, know- 
ledge of them is almost exclusively 

- limited to the Euramerica coal swamp 
< fauna. The modern herbivorous groups 
of insect were almost unknown in the 
Palaeozoic and holometaboly, which 
enables totally different adaptations of 
larva and adult, did not appear until 
the Permian. Such forms as Stenodictya 
= may have been a sap sucker or have 
picked up spores from sporangia. 

Finally, two contributors dealt speci- 
fically with the theme of this sympo- 
sium. W. G. Chaloner (Birkbeck 
College, London) produced some pos- 
sible (if contentious) examples of 
possible plant-animal interaction. These 
included some plants from the Rhynie 
Chert which appear to have been 
damaged during life, and the strong 
coats of some Devonian spores which 
may have been adjusted to resist chew- 
ing or digestion. P. D. W. Barnard 
(University of Reading) categorised 
the ways in which animals could have 
used plants as food, and the types of 
evidence of this activity that might 
have survived. The instances that he 
had been able to gather together, how- 
ever, were few. Plumstead has des- 
cribed leaves of Glossopteris with 
ragged edges which could well have 
been caused by browsing arthropods. 
Holes in the seeds of Samaropsis have 
been described by Sharon, and Bar- 
nard himself has described holes in the 
nut-like megaspore of Trigonocarpus; 
both of these could well have been due 
to attack by insects. Finally, some 
coprolites contain spores, and a speci- 
men of the reptile Protorosaurus con- 
tains conifer seeds in its abdominal 
region. 

Despite Barnard’s best efforts, one’s 
prevailing impression of the sym- 
posium was of a production of Hamlet 
in which the Prince made only fleeting 
appearances, and indeed there seems 
little chance of any great variety of 
unequivocal evidence of the interac- 
tion between Palaeozoic plants and 
arthropods. The meeting also served to 
demonstrate what a high proportion of 
knowledge of Carboniferous life is 
derived from one single (and possibly 
unusual) environment—the swamp- 
lands of Euramerica. á 














non-insectan arthropods of the Palaeo- 















eject ‘alpha p 
from nuclei? 


from Peter E. Hodgson 
Nuclear Theory Correspondent 


have 


SEVERAL recent investigations 
shown that when slow pions or kaons 
are captured by nuclei, the particles 
emitted promptly are very often such 
that the residual nucleus is an excited 
state of the target less one, two or more 
a particles or the equivalent numbers 
of neutrons and protons. The most 
plausible explanation is that somehow 
the pions or kaons eject @ particles but 
this has not yet been established because 
the residual nucleus is identified only 
by the y rays it emits, and the particles 
emitted previously are not detected. 

A further important result has been 
obtained by V. G. Lind and colleagues 
working in the United States (Phys. Rev. 
Lett., 32, 479; 1974), who looked at 
the results of interactions of fast nega- 
tive pions (220 MeV) with a range of 
light nuclei from carbon to vanadium. 
It is very difficult to detect directly the 
particles emitted from these intersec- 
tions so, as in the previous work, the 
prompt y rays were studied instead. 
These are emitted immediately after 
the particles resulting from the initial 
interaction. Some of the y-ray spectra 
are shown in the figure, and it is notable 
that there are several peaks common to 
the spectra from different nuclei. 

The energies of these y rays identify 
the nucleus from which they were 
emitted, and it is then found that in the 
case of even-even targets the most likely 
residual nuclei correspond to removing 
one, two or several a particles (or the 
equivalent numbers of nucleons) from 
the target. In the case of the odd-A 
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Some of the prompt y-ray spectra 
emitted after interaction of 220 MeV 
negative pions with a rangt of nucfei. 
The lines marked with a solid dot 
appear in many spectra and correspond 
tp the multifle removal of a particles. 





removal of a triton or an @ particle or 
a triton plus an a particle from. the 
target nucleus. The cross sections for 
these processes are comparable to the 
inelastic scattering cross sections. It 1s 
found that the proportion of multiple 
emissions of a particles compared with 
single emissions increases with nuclear 
size. 

The experimental technique does not 
distinguish between the emission of an 
a particle and the emission of two 
neutrons and two protons, since only 
the residual nucleus is identified. The 
relative likelihood of the two processes, 
and indeed of all possible processes 
and hence residual nuclei, can be cal- 
culated from statistical theory. It is 
found that this gives results completely 
different from those found experi- 
mentally so that multiple ‘a’ emission 
cannot be explained by the statistical 
theory. 

These results have now been con- 
firmed by studies of the interactions of 
both positive and negative pions with 
“Al and *Si by Ashery and colleagues 
(Phys. Rev. Lett., 32, 943; 1974) from 
Tel Aviv. The negative pions had an 
energy of 70 MeV and the positive 
pions energies of 25, 70 and 100 MeV. 

Using essentially the same method 
as the United States group, they also 
found that there is a large cross section 
for removing an ʻe particle’ and leav- 
ing the nucleus in its first excited state. 
This occurs even below 25 MeV, which 
is the threshold for the emission of 
two protons and two neutrons, and 
this strongly supports the hypothesis of 
cluster emission. 

It is found that at 70 MeV the cross 
section for ‘a’ emission is very similar 
to that for the elastic scattering of 
pions by free a particles, thus suggest- 
ing that the pions are simply knock- 
ing out pre-existing @ particles from 
the target nuclei. Substantial cross 
sections are also found for reactions 
corresponding to 
deuteron clusters. 

These experiments on the interaction 
of fast pions with nuclei thus give 
results similar to those found in studies 
of the interaction of slow pions or 
kaons. There seems to be some process 
that takes place in the initial stages of 
the interaction that leads to the pre- 
ferential emission of a particles. This 
in turn suggests that there are « 
particles in the nuclear surface, a hypo- 
thesis for which there is already much 
evidence. i 


It is important to continue this work, < 
and in particular to try to detect and ` 


identify directly the particles emitted 
in the early stages of the interaction. 
This is a difficult experimental prob- 
lem but if it can be solved it will shed 
new light on the problem of @ particles 
on the nuclear surface. 7 
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A diapiric mechanism is presented to explain geochemical 
data on the thermal structure of the upper mantle. It is 
emphasised that any model to fit the data cannot be a 
steady state model, and it is concluded that the data are 
inconsistent with the popular interpretation of the seismic 
low velocity zone as a partially melted region. 
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THE ‘pyroxene geotherm’ technique? utilises the experi- 
‘mentally determined partitioning of calcium* and aluminium? 
between coexisting clino and orthopyroxenes in order to 
determine the conditions of origin of garnet and spinel perido- 
tites. Application of the technique to xenoliths from kimberlite 
pipes shows that: (1) the xenoliths are fragments of the upper 
mantle accidentally included in the kimberlite during its 
passage to the surface; (2) the xenoliths from each pipe describe 
a ‘palaeogeotherm’ which abruptly steepens at depths between 
140 and 200 km (Fig. 1); (3) the point of inflection in each 
geotherm corresponds to chemical? and textural®* changes. 
The shallower, ‘normal’ portion of the geotherm is characterised 
by coarsely crystalline harzburgites which have no significant 
preferred orientation and are strongly depleted in basaltic 
constituents; the steepened, deeper portion is represented by 
highly deformed, extensively recrystallised Iherzolites capable 
of producing normal basalts by partial melting’. It has been 
. pointed out'*4° that the shape of the palaeogeotherms is 
unlikely to reflect a steady state situation and it has been 
‘proposed that the steepening results from shear heating which 
occurred in the seismic high attenuation, low velocity zone 
(HALVZ) during the breakup of Gondwanaland. We agree 
that the assumptions necessary for any steady state model are 
unreasonable but we question that the shear-heating model 
quantitatively satisfies the data. This article presents an 
alternative diapiric model, postulating upwelling from within 
or below the HALVZ. 


The model 


We assume that a small density inversion of unknown origin 
initiates upwelling at a depth of more than 200 km. The 
upwelling will be self perpetuating if the temperature gradient 
exceeds that for adiabatic expansion, a well known property of 
modern models of the thermal structure of the upper mantle”. 
The upwelling therefore becomes a diapir which very soon 
reaches a quasi-steady limit velocity. It is driven principally by 
the buoyancy force which results from the temperature 
difference between the interior of the diapir and the surrounding, 
undisturbed mantle. If the velocity of ascent is rapid compared 
with the rate of heat loss, the diapir may reach the solidus and 
partially melt. We assume that such melting occurs just below 
the point of the deepest xenoliths and that the kimberlitic 
magma is produced. The magma brings up fragmepts both 
from the top of the diapir, and from above it. 

“Por quantitative comparison of this model with the geo- 
chemical data, the geothermal gradient along the axis of the 
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P 
diapir can be calculated (Fig. 2). The heat flow egua 
therefore be solved. Neglecting heat sources!*: 


Pcp (OT/ Ot + v ViT) = KV?T + 


where p is the density, c, the heat capacity at constar 
T is temperature, ris time, v, is the velocity of the movi 
K is the thermal conductivity and n the viscosity, The 
third and fourth terms are the contributions of c 
conduction, and viscous heating respectively, The wel) 
difficulty in obtaining an analytical solution to equ: 
leads to a comparison of the contributions of the varjoa 
thus simplifying the problem but remaining within the: 
of the data. The relative importance of the conve 
viscous heating terms is of paramount importance: 
of our solution. We assume that the sp 
velocity within the diapir can be satisfacita 
by a single average velocity < se We alsi 
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is 50 km. For this comparison, we calculate the a 
velocity by equating the driving force to the viscous drag 6 
diapir considered as a whole, and using an average tempert 
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where R, the radius of the diapir 
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Fig. 1 Thermal and textural structure of the upper 
beneath southern Africa at the Ume of emy 
Cretaceous kimberlite pipes. Data and phase bow: 
Maceregor®: a, dry peridotite solidus: b, vapour = 
solidus (H,O @O, = = 1:3); c, Cand R shield geotherm: i 
geoatherm (undisturbed); e, model geotherm { 
f. graphite-dfamond phase boundary. Open synmi 
West Afric#region; closed symbols, Kimberley reg 
coarse grained, undeformed xenoliths with coar 
textures; squares, coarse grained, undeformed xené 
coarse tabular textures; triangles, plastically — 
xenoliths with porphyroclastic textures; crosses, | 
deformed xenoliths with mosaic textures. Shield ger 

Clark and Ringwood” (c) given for comparison 
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Fig. 2 Idealised drawing of a rising diapir at the time of melting 

and kimberlite formation. Region a, undisturbed lithosphere, 

region b, outer ‘rind’ of diapir affected by conductive cooling 

during upwelling; region c, interior of diapir cooled only by 

adiabatic expansion. Points 4 and B mark transitions from 

one region to another. Shaded area diagrammatically indicates 
melting at the top of region c. 


difference of 100° C between diapir and surrounding rocks. 
The result, which is almost independent of the shape of the 
diapir’?, is <v> = | cm yr Then: 


Pep <¥3> <OT/Ox5> 
(n/2)(< 9va/ 0x, >)? 


Even for these conservative assumptions, the convection term 
is dominant by more than two orders of magnitude. The 
likelihood that n is less than 10% poise further reduces the 
importance of viscous heating, and therefore the shear heating 
term cannot have a controlling effect on our model. 

A one-dimensional model can be used if the diapir is 
sufficiently large for heat loss at the sides not to affect 
appreciably the central axis. For the times relevant to the 
model, the heat diffusion distance!* is less than 20 km, so 
that any diapir large enough not to be affected by shear heating 
(that is, R > 25 km) can also be treated as a one-dimensional 
problem; the side effects are unimportant in a first-order 
approximation. Finally, we assume that heat lost through the 
top of the diapir is carried away by the mantle flowing around 
the advancing mass. We thus obtain the model shown in Fig. 2. 
The calculated axial geotherm will have three parts: (a) an 
undisturbed geotherm above the diapir; (6) the top of the 
diapir affected by diffusive loss of heat; (c) the tail of the 
diapir, characterised by the adiabatic gradierit. The simplified 
model matches parts a and c by a temperature perturbation (b) 
on the model geotherm, which is chosen as a good fit to the 
geochemical data between 100 and 200 km depth and fitted to 
the shield geotherm of Clark and Ringwood" at lesser and 
greater depths (Figs 1 and 3). 

The perturbation obeys the heat flow equation: 
aT| at = (K/ pcp) (3?T/3m?) (3) 

The boundary condition at the top of the diapir is Ta (£) = 
va (@T/@x,),¢ where ¢ is the time elapsed since the formation 
of the diapir, K = 4 x 10 erg cm“ s ° C™ (10° calorie 
cm! s% ° C) and the other values are as already given. The 
boundary condition equates the temperature at the top of the 
diapir with that just above it in the undisturbed mantle; it is the 
expression of the heat flowing out at the top of the diapir. 

e 


~ 500 (2) 








Between 250 km and 400 km depth, (@7/@x,;) is relatively 
constant and for the calculations we have adopted 1.7 ° C km. 
In this simplified form the problem has the analytical solution’: 


T (x30) = 4<vg> (OT/Ox,) o ti erf [xa (Kt/pe,) >] (4) 


The calculations have been made for the shallowest and deepest 
data sets of Macgregor’, representing the regions of South 
West Africa (Louwrencia pipe) and Kimberley (grouped data 
representing the Wesselton, Roberts Victor, Bulfontein and 
Jagersfontein pipes) respectively. We have chosen to model the 
undisturbed mantle with a single, representative geotherm 
because of the uncertainties in the data, the mixed origin of the 
Kimberley data, and the small effect separate geotherms 
would have on our results. The chosen geotherm also fits 
satisfactorily with the data from the Lesotho region!*. The data 
allow the independent calculation of the time intervals of 
upwelling, the diapir velocities and then the depths of origin 
(Table 1, Fig. 1). The calculated depths of origin of the diapirs 
are surprisingly similar and perhaps represent the depth of the 
lowest portion of the HALVZ. 


Discussion 


The diapir model fits the geochemical data well and the 
adjustable parameters in the model are all chosen to be very 
reasonable values. Similarly, the calculated times and velocities 
are reasonable. The production of the kimberlite magma 
containing xenoliths is a natural consequence of the model, for 
once initiated, the diapir will rise until it reaches the surface 
without melting (becoming an alpine peridotite™) or it will 
partially melt and result in the production of kimberlite pipes. 
We assume that melting occurs at temperatures just above the 
hottest temperatures indicated by the analysed xenoliths. These 
temperatures always fall between the dry and water-saturated 
peridotite solidi!*!*, and the presence of small quantities of 
water is thus mandatory for the model. The amount cannot be 
precisely estimated because it is critically dependent on 
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Fig 3 Thermal evolution of the rising diapir in the Kimberley 
region. a, Dry peridotite solidus; b, model solidus; c, wet 
solidus (H.O:CO, = 1:3); d, C and R shield geotherm; 
e, model geotherm (undisturbed). Point C represents origin of 
the, diapir on the undisturbed geotherm. Points A; and &: 
represent successive positions of points A and B of Fig. 2; 
B meves dowr the adiabat and 4A down the geotherm. Melting 
occurs at B,. Shaded region encompasses data of ‘second 
geotherm’ of Macgregor’. A-B-C represents possible earlier 
diapir responsible for these data. 
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Tab £ 1 Dance of upwelling, velocity of ascent, and depth of origin 
of diapirs 
Region Mean velocity Duration of upwelling Original depth 
South West 5cm yr“! 3 Myr 290 km 
Africa 
Kimberley 3 cm yri 3 Myr 280 km 





collection and analysis of xenoliths which equilibrated on the 
solidus as well as on the accuracy of the pyroxene geotherm. 
Macgregor? points out that ‘primary phlogopite’ is present in 
region a (Fig. 2) of our model. Texturally this ‘primary 
phlogopite’ usually seems to be a replacement phase rather than 
part of the original paragenesis (Green, H. W. H, and Boullier, 
A. M., not yet published), but its coarse grain size and apparent 
stability with respect to the other phases of the rocks strongly 
indicates an origin which predates incorporation into the 
kimberlite magma. Thus the rocks do contain small quantities 
of water. 

We have not yet déd the chemical and textural 
differences present in the xenoliths. The coarse grained 
harzburgites correspond to region a (Fig. 2) and the highly 
deformed Iherzolites exist in region b (Fig. 1). We expect 
such an abrupt textural and chemical transition because the 
undepleted diapir flows plastically on its margins as it rises 
through the previously depleted, annealed upper mantle. The 
top of the diapir would be expected to be the only place where 
undepleted mantle could be sampled because only this region 
has lost enough heat to miss the solidus and stay intact. 

Macgregor? has described a second group of xenoliths in the 
Kimberley region (Fig. 3). This atypical group plots at distinctly 
higher temperatures than the first, ‘normal’, group which is 
remarkably similar from pipe to pipe and from region to region. 
If there are two geotherms in the same region then there cannot 
be a steady-state situation. The second geotherm could 
represent the ‘tail’ of an earlier diapir which continued to rise 
at a reduced velocity after it had been partially melted. 
Alternatively, the second geotherm could represent an earlier 
diapir which rose more slowly and consequently never reached 
the melting point (for example, a velocity of ~0.1 cm yr7! 
would produce the observed slope with our model). In either 
case the first diapir must precede the second diapir, which 
brings the fragments to the surface, by only a few tens of 
millions of years otherwise the internal temperature of the 
first diapir would be reduced to the normal, unperturbed 
geotherm. An interesting difference between these two possible 
explanations is that for the former possibility the older diapir 
‘tail’ could be mineralogically and texturally indistinguishable 
from normal lithosphere of region a (Fig. 2) but in the latter 
case the first diapir should be chemically undepleted even 
though it might be texturally similar to normal lithosphere. 
Unfortunately, the data? are not separated in such a way as to 
allow these possibilities to be tested. 

The discovery? of the ‘second geotherm’ in the Kimberley 
region emphasises the need for a time-dependent explanation 
for the geo chemical data, but it is not the only observation 
which supports this class of model. To make a steady state model 
fit the inflection in the palaeogeotherms a large and discontinuous 
change in thermal conductivity is required'3. Variation in the 
depth of the inflection point and its correlation with the xenolith 
textural types indicate that the effect would have to be produced 
by the preferred orientation in the deformed rocks or by some in- 
herent effect of deformation on thermal conductivity. Because of 
the rather weak preferred orientations in these rocks (A. M. 
Boullier, personal communication) an anisotropy of K of more 
than a factor of 50 would be necessary. Similgrly, any effect of 
crystal defects on the thermal conductivity would seein to be 
small because such an effect depends on high concentrations of 
defects”, whereas the high temperatur deformation undeigone 


the heat is better provided by a conv 




































by these rocks produces recrystallised grains wit! Es 
low defect densities (Green, H. W. H, and Bouller, A 
yet published). 
In an earlier model'*:* shear heating in the low velg 
is proposed to explain the steepened portion of the g g 
Our calculations show that rates of strain excee 
would be required to fit the data quantit 
that there is no loss of heat by conducti 
rates to be geologically unreasonable and 





diapiric model is the extreme case in whi 
produced by convection. Other models can È 
which both upwelling and shear heating are. i 
they are more complicated and therefore more diffi 
quantitatively. 
Two additional consequences of the diapiric mad 
considerable interest for understanding upper manti 
First, if the model is to be valid, the HALVZ camma 
melted; either another fluid or a compk 
mechanism?’ must be sought to explain the 
(Interestingly, the same conclusion seems to be reg 
model which equates the deformed xenoliths wit 
because these rocks are unmodified and contain t 
melt phase (Green, H. W., and Boullier, A 
published).) Second, if xenolith-bearing basa 
in tectonic and oceanic areas are also 
diapiric upwellings, as seems probable to us, the 
mechanisms evident in the xenoliths reflect the me: 
diapirism which may not be the same as thos 
asthenosphere. Thus, the conclusions??:*? th: 
mantle is dominated by movement of dislocati 
climb-controlled does not necessarily apply to as 
flow. These arguments do not, however, contrave 
based on post-glacial uplift data and power-law 
experiments?3, 
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= Murine neuroblastoma cells in serum-free medium 
_ undergo correlative morphological and serological 
<> differentiation. The antigens specific to the differentiated 
© celis are found in large quantities in mouse brain. 





Murine neuroblastoma cells can be induced to different- 
iate morphologically so as to resemble mature neurones if 
they are maintained in medium without serum’. This mor- 
phological differentiation is often not accompanied by bio- 
- chemical differentiation, as studies of neurotransmitter 
Co. biosynthetic enzymes, glycosphingolipid composition’, 
‘tryptic glycopeptides', mouse alloantigens’ and acrylamide 
gel patterns of solubilised membranes’ have shown. Similarly, 
studies of the development of the ability to generate an 
action potential and of sensitivity to electrical and chemical 
stimulation, have produced no consensus on any correlation 
with morphological differentiation’. 
We have described a set of cell surface antigens on 
morphologically differentiated cells derived from clone N18 
neuroblastoma". They are also present in large quantities in 
particulate preparations of mouse brain, but not in spleen, 
liver or kidney. Their appearance is the only reported speci- 
fic change in the cell membranes that correlates with the 
morphological differentiation of cultured neuroblastoma 
cells. 
We report here that: (1) serological differentiation of N18 
neuroblastoma cells correlates with the extension of pro- 
cesses in serum-free medium and (2) direct binding experi- 
ments with ™“I-labelled immunoglobulin confirm and 
partially quantify the presence of neurone-specific antigens 
found only on morphologically differentiated neuroblastoma 
cells. 
Antisera specific to differentiated clone N18 murine 
neuroblastoma cells were produced by immunisation and 
adsorption as before”. The increased binding of antibodies 
(at saturating concentrations) to N18 cells maintained for 
_.§ din serum-free medium (N18-SF) compared with the bind- 
-ing to N18 cells grown in suspension culture on bacterio- 
logical plates’ (N18-sus) implies that new antigens were 
present on the morphologically differentiated N18-SF cells 
(Fig. 1). Binding of “*I-immunoglobulin to morphologically 
differentiated neuroblastoma cells, undifferemtiated cells and 
mouse tissue correlated well with their antjgenic activities 
measured by indirect immunofluorescence ang complement 
fixation”. 

To examine the relationship between process formation 
- and the presence of new antigens on neuroblastoma cells in 
serum-free medium we used the C1300 neuroblastoma clone 
10D (ref. 11), which does not extend processes in serum-free 












medium. The serological reactivity of 10D cells grown with 
serum was indistinguishable from that of N18-sus cells 
measured by complement fixation, immunofluorescence or 
saturation binding (ref. 11 and Table 1). In addition, 10D 
cells maintained in serum-free medium for 5 d (10D-SF) 
neither extended processes nor bound more immunoglobulin 
than did N1i8-sus or 10D cells grown in complete medium 
(Table 1). The presence of new antigens on N18-SF cells was 
thus related to the formation of processes, and not to an 
effect of maintenance in serum-free medium. 


Morphology and antigenicity studies 


We next examined the serological reactivity and morpho- 
logy of N18 cells maintained without serum for less than 5 d 
in an attempt to relate antigenicity and morphology. Mor- 
phological development increased steadily for 5 d. After 6 d 
the cultures tended to degenerate. Complement fixing ability 
(Fig. 2) of N18 cells in serum-free medium decreased initially 
for 2 d, probably because the cells were derived from near- 
confluent monolayers, and then increased for 3 d. Confluent 
cells were to some degree morphologically differentiated, 
thus a period in nonconfluent conditions may have been 
necessary for the antigens associated with this differentiation 
to be removed from the cell surface. Near-confluent cultures 
grown in complete medium had reactivity similar in both 
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Table 1 Antibody binding to neuroblastoma cells 





Antigen Immunoglobulin = % of 
bound at saturation NI8B-SF Value 
(ng) 
N1I8-SF 48 100 
N18-sus 37 78 
10D 36 75 
10D-SF 35 72 


Values are the average from three experiments. 


complement fixation and saturation binding assays to that 
of cells cultured for 3 d without serum. There was thus little 
serological differentiation during the first 2 d in serum-free 
medium, followed by a steady increase in antigenic re- 
activity. 

In general the primary morphological change that corre- 
lates with increasing immunological reactivity is the forma- 
tion of steadily Jengthening processes on the cells. Morpho- 
logical development seems to precede antigenic development. 
The miultispecificity of our antiserum is undoubtedly an 
important source of difficulty in attempting to correlate 
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discrete antigenic and morphological events. 

We next examined the relationship of the new antigens to 
the antigens of various mouse organs. Our antisera were 
produced to N18-SF cells, and so the reactive antigens 
present on the other. cells and tissues tested should have 
been subsets of those found on N18-SF. No relationship 
between (for example) the antigens present on brain and 
liver can however, be inferred from Fig. 1. The liver anti- 


y-globulin bound (ng) 


100 Tso 


Antigen protein (ug) 


Fig. 1 Binding of ‘**I-labelled immunoglobulin to mouse organs 
and cultured neuroblastoma cells. Antisera production and cell 
culture have been described, All experiments utilised the bleed- 
ing from rabbit 147 on the 20th day of the immunisation proto- 
colt, Unless otherwise noted, all operations were performed at 
0°~8°C. y-Globulin was isolated by the method of Fahey and 
Horbettt'! and labelled by a large scale modification of the 
method of Greenwood et ai. using carrier-free I (New 
England Nuclear Corp). Labelled immunogloblin was separ- 
ated from unbound iodine on Sephadex G25, diluted with an 
equal volume of 5 mg mi~ bovine albumin in isotris buffer’, 
and. stored in capt at —20° until use. The specific activity 
owas 0.7 Ci g. Cells and organs were prepared as before”. 
Brain samples did not include the olfactory bulb. Spleen 
samples included only the expressed cells and not the capsule. 
Whole liver and kidney were used, Heart samples were taken 
from the caudo-lateral left ventricle wall. There were no sub- 
stantial differences in saturation binding with tissues from A/J, 
BAF /], C3H, C57B, HeJ or Swiss Webster mice. Labelled 
immunoglobulin (260 ug) was shaken for 5 h in a mock ad- 
sorption procedure, After filtration, 5 ug was added to each 
antigen sample. All tissues are from a 60-d-old Swiss Webster 
mouse. The f-immunoglobulin and antigen PM were com- 
bined in isotris buffer plus 10% normal rabbit serum (final 
volume of 1.5 ml) incubated 12-16 h, then centrifuged for 23 
min at 45,000g. The supernatant was discarded. The pellet was 
resuspended by vortexing for 15 s in 1.2 ml isotris containing 
2 mg ml~' bovine albumin (BA). After a second centrifugation 
for 26 min at 45,000¢, the pellet was resuspended in 1.2 ml 
isotris containing 2.0 mg ml! BA. The suspensions were then 
filtered (at room temperature) over a Whatman GF-A glass 
fibre paper which had been presoaked overnight in 2.5 mg 
ml! BA in isotris. The tube was washed twice with 2 ml iso- 
tris, and the washes filtered. The filters were rinsed twice with 
2 ml absolute ethanol and dried for at least 30 min at 75°C 
before counting. For each curve the ng of antibody bound by 
the equivalent amount of HeLa cells is subtracted to obtain 
the specific binding. This background in the linear portion of 
the binding curve is 10-15% of the values obtained using N18- 
SF as the antigen. That the y-globulin which sticks to HeLa 
cells is bound nonspecifically is demonstrated by the observa- 
tions that (a) this binding is a linear nonsaturating function of 
added Hela cell protein, (b) exhaustive adsorption of anti- 
‘serum with an antigen reduces the binding of antiserum to that 
antigen down to but not below the levels obtained with HeLa 
cells, and (c) adding excess unlabelled antiserum reduces binding 
of labelled antiserum to NI8-SF down to byt not below the 
level obtained with the same amount of HeLa cell “protein. 
HeLa cells do not react with this antiserum in either comple- 
ment fixation or immunofluorescence assays. O, N1i8-SF; @, N18- 
“sus; A, brain; W, kidney; D, liver; @, spleen; JJ, heart. 
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Fig. 2 Complement fixation of N18 cells maintained for varje 
ing periods on serum-free medium, Data are expressed as per 
centages of the maximal fixation obtained with NIS 
maintained 5 d on serum-free medium, Confluent or late | 
phase cultures were treated with Viokase and plated as be 
to obtain cultures subsequently maintained in serus 
medium. A, Late log or confluent cultures; @, N18-sus, O, N 


neural antigens which were present as a consequence of t 
innervation of kidney, or with some other antigen not 
shared by the liver. Binding of liver-PM-adsorbed immuno- 
globulin to brain, N18-sus and N18-SF cells was reduced by. 
approximately equal amounts. The antigens found on [iv er 
seemed to be present on all the cells and organs tested and 
are probably common to all mouse ceils. Immunisation © 
a xenogeneic animal, the rabbit, would be expected to raz 
antibodies to species-specific antigens. | 

As adsorption of the immunoglobulin with braim 
removed all antibodies which bind to other organs (Table 
2), brain must tontain all the antigens found on the other 
organs, but not all those ‘present on the cultured neuro- 
blastoma cellg. The absolute binding measured in ng to NTS- 
SF cells of brain-adsorbed antibody was reduced more than 
the binding of such antibody to N18-sus. This reduction 
suggests the presence of neural antigens found on N18-5F 
but not on N18-sus. The difference in binding between NIS- 
SF and N18-sus [A(SF-sus)}] could be reduced 67% by ad- 











% Antibody binding activity 
adsorbed by: 


oat Brain Liver 

 N18-SF 75 (32.0) 38 (16.0) 

(differentiated) : 

< N18-sus 79 (27.2) 51 (17.5) 
Brain 88 (22.0) $6 (15.0) 
Kidney 95 (14.0) 75 (10.5) 
Liver 93 (10.0) “>95 (10.8) 
Spleen >95 ( 6.2) 92 ( 5.8) 
Heart >95 ( 2.5) >95 f 2.5) 
ACSF-sus) 67 ( 6.8) <5 (0D 
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ug). The mixtures were incubated for 12 h at 8°C. 
rgans were the same preparations as those des- 
g. 1. Numbers in brackets are ng of antibody bind- 
ing activity removed. 


jth brain PM but less than 5% by adsorption with 
Table 2, last line), N18-SF is the only antigen 
e to adsorb totally the binding immunoglobulins 
ntiserum. 

e and other adsorption experiments established the 
following relationships among the sets of antigens reactive 
with this antiserum. (1) The set of antigens present on a 
tissue includes as a subset all reactive antigens of tissues 
with a lesser total reactivity. For example, the set of 
stive antigens present on liver PM includes as subsets 
ose reactive antigens present on spleen and heart PM, 
hile the set of reactive antigens present on brain includes 
those of kidney, liver, spleen and heart. (2) Approxi- 
mately two-thirds of the antigens present only on the 
morphologically differentiated form of N18-cells are found 
only on neural tissue. Among antibodies that bind to brain 
are some that bind to morphologically differentiated but not 
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-PM for 16 h. A volume containing 5 ag was added to each 
en sample and the mixture was incubated 14 h at 8°C. 
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A(SF-sus) by further methods. Adsorption 





mmunoglobulin (120 ug) was adsorbed with 3.3 mg of N1i8- 


ipted to confirm the neuronal spe 


a d t spe 
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globulin with N18-sus removes all antibodies that bind to. 

cells and tissues tested, except N18-SF and brain (Fig. 

For such an adsorbed immunoglobulin preparation, A(SF- 
sus} was 6.0 ng, while A (brain-sus) was 3.4 ng or 57% of 
A(SF-sus). This value is close to the 67% of A(SF-sus) 
already given (Table 2) as specific to neural tissue. Each of 
these calculations gives a minimal value because in each 
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Fig. 4 Exhaustive adsorptions with PM from mouse organs. 
The reduction in A(SF-sus) is plotted as a function of the 
amount of PM used to adsorb. Spleen cells could not be used 
in these exhaustive adsorption experiments, due to their affinity 
for rabbit y-globulin. This binding is probably due to the pre- 
sence of receptors for the F, portion of immunoglobulin mole- 
cules. The adsorption ratio is defined as the mg of organ 
PM per ug l-immunoglobulin used in the overnight adsorp- 
tion. By comparison this ratio in the adsorptions of Table 2 
is 0.038. The adsorption ratios at which 90% of the binding 
activity to each antigen is removed by adsorption with that 
same antigen are liver, 0.026; brain, 0.038, NI8-SF, 0.018. 
Values for muscle and kidney were not determined. The lines 
drawn are linear regression fits to the data points in all cases 
except brain. The dashed line is an extension of the line of best 
fit to the first three brain adsorption points. The remainder of 
the solid curve for brain is a free-hand fit of the points. O, N18- 
SF; A, brain; W, kidney; ©, liver; @, skeletal muscle. 


case the adsorption of antibody molecules was incomplete. 
Any unadsorbed binding material was assumed to not be 
specific to neural tissue. 

If adsorption and subsequent direct binding assays were 
performed with particulate preparations from monolayer 
10D-neuroblastoma cells rather than N18-sus cells, the 
ability of brain to adsorb the remaining (N18-SF specific) 
immunoglobulin preferentially was unchanged (data not 
shown). Thus, brain reacted preferentially with an antiserum 
made specific for the morphologically differentiated state of 
neuroblastoma cells, whether N18-sus or 10D monolayer PM 
was used for adsorption. In summary, antigens found only 
on the differentjated form of N18 neuroblastoma cells were 
also present on brain but not other organs, when. assayed 
by both direct binding and adsorption. 

To determine whether antigens present only on the 
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morphologically differentiated form of N18 neuroblastoma 
cells are present in lesser concentrations on particulaie 
material from organs other than brain, we performed bind- 
ing studies with immunoglobulin exhaustively adsorbed with 
skeletal muscle, liver and kidney as well as brain PM. The 
adsorbed immunoglobulins were tested against both N18-SF 
and N1I8-sus to determine whether antibodies reactive with 
antigens unique to the differentiated neuroblastoma cells 
had been removed. 

Liver and skeletal muscle PM did not adsorb significant 
amounts of the A(SF-sus)- -specific immunoglobulins (Fig. 
4), Adsorptions with brain preparations produced a multi- 
phasic curve, The ratio of the slope of the adsorption curve 
with N18-SF to that of the initial slope of the brain adsorp- 
tion curve (dashed line) is 12 : 1, indicating that the speci- 
fic activity of A(SF-sus) antigens was twelve times greater 
on N18-SF cells than on brain. The slope of the brain 
adsorption curve seems to be reduced at about 50% 
reduction of A(SF-sus). Therefore the remaining A(SF-sus) 
antigens adsorbed by brain were present in brain with 
specific activities less than one-twelfth of the activity of these 
antigens in N18-SF cells. In total 80% of the A(SF-sus) anti- 
gens was adsorbed by brain PM in exhaustive procedures. 

If the linear regression line is extrapolated, the specific 
activity of the A(SF-sus) antigens in kidney is one-seventh 
that of brain (1/84th the specific activity of these antigens 
in N18-SF), However, the kidney adsorption curve appears 
to saturate at ratios of 0.10 to 0.14. (Larger adsorption 
ratios were difficult to examine because of nonspecific 
affects of large amounts of PM.) Tissues other than brain 
might be expected to contain small amounts of neural anti- 
gens due to their intrinsic innervation. If the kidney 








Table 3 Antigen classes of murine neuroblastoma cells 


Proposed antigen class on: Presence of antigen on: 


HeLa Liver Brain NI8- NIB- 
Spleen SUS SF 
and so on 
Undifferentiated cells 
Common Mouse _ +f + + + 
H Neural = — + + $ 
IH Cell-Specific ~= — = + + 
Differentiated cells only 
IV Neural-specific — = Je cca 4: 
V Cellspecific = = a = an + 





~, Will not adsorb; +, will adsorb. 


adsorption curve does saturate at 50%, then (i) approxi- 
mately 30% of the A(SF-sus) antigens cannot be detected 
by this exhaustive adsorption method in any organ but 
brain: (ii) half the A(SF-sus) antigens are enriched in brain 
by a factor of seven to one hundred or more when compared 
with other organs, and (ili) the remaining 20% cannot be 
detected in any of the organs tested, including brain. Simi- 
lar calculations, based on complement fixation} and satu- 
ration binding analysis, suggest that the set of antigens 
unique to morphologically differentiated N18 cells is present 
in at least 100 times the specific activity on such cells as on 
morphologically undifferentiated neuroblastoma cells (N18- 
sus, 10D or 10D-SF). 


Proposed antigen classes | 

The xenogeneic antiserum we used revealed a spectrum 
of particulate antigens on N18 neuroblastoma cells., Mor- 
phologically undifferentiated cells have antigens which seem 
to be shared by all mouse organs and histocompatibility 
types. They are the mouse common antigens (type I in 
Table 3). Antibodies to these antigens can be removed from 
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the antiserum by adsorption with PM from either brain, 
liver or spleen. 

Antibodies to the second class of antigens pr 
morphologically undifferentiated cells can be removw 
by adsorption with particulate preparations from bra 
not by any other organs tested. By this criterion a 
by direct binding studies, these are neural antigens (Spe i. 
in Table 3). 

Antibodies to the third class of antigens 
morphologically undifferentiated N18 cells are- 
by any of the organs tested. These constitute 
may be the result of cellular adaption fo © 
may be present only on the tissue (sympath 
system) or cell of origin of the tumour. They migh 
related to the malignant transformation of these- 
(or) to their associated A type virus particles”, Th 
gens are called cell-specific in Table 3. i 

Adsorption experiments demonstrated that morpho 
cally differentiated N18 cells possess all these cle 
antigens. In addition, such cells also have antigens: 
specifically to their mofphological differentiation 
mately half to two-thirds of the antibodies an: 
morphologically differentiated cells are adsorbed c 
PM from brain (type IV in Table 3). The remei 
the antibodies to antigens unique to morphok 
differentiated cells are similar to the third class of a 
described here in that they are not adsorbed by any f 
organ or cell (including 10D-SF) except NIS-SP (typ 
We hope subcellular fractionation techniques ai 
tolerance inducing methods will facilitate the producti 
more specific antisera that may be used for detailed 
of individual antigenic correlates of morphol 
differentiation of the murine neuroblastoma in cu 
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Geophysical data strongly indicate that stone assemblages, 
which include bifaces and cleavers, from East Africa, are at 
deast a million years old. Since these artefacts seem to be 
“much older than any of their known counterparts in Europe, 
the question of the date of man’s expansion from the tropics 
-into cool, temperate regions is raised for discussion. 















One of the most long lasting and widespread classificatory 
entities in human prehistory is the set of stone industries 
collectively known as Acheulian’*. These industries are 
characterised, among other things, by the prominence of a 
‘series of tools variously called ‘bifaces’ or ‘hand axes’. Repre- 
sentative assemblages are widely distributed: they occur in most 
‘regions of Africa, in southern and atlantic Europe, in the 
Levant and across into peninsular India. Isolated finds referable 
~ to the Acheulian have been reported from northern and central 
Europe, and from continental Eurasia, but north-east of the 
Alps, Caucasus, Zagros and Himalayan chains of mountains 
this kind of industry is conspicuously absent or at best rare 
and atypical. 

With regard to age, it has long been known that the Acheulian 
industrial pattern was in practice through much of that rather 
vague segment of geological time classified as the ‘Middle 
Pleistocene’, though some of the last Acheulian assemblages to 
be made, belong in the early part of the ‘Upper Pleistocene’. 
The upper and lower boundaries of the ‘Middle Pleistocene’ are 
not well fixed stratigraphically and evaluations of their age in 
years have been highly uncertain and variable from region to 
region. Consequently estimates of the time span represented by 
the Acheulian have also been varied and uncertain. In particular 
the relative age of early representatives of the industry from 
different regions has been in doubt. 

We are reporting here new geophysical evidence from East 
Africa which provides strong indications of the chronometric 
age of early Acheulian assemblages in that subcontinent. The 
evidence raises very important questions with regard to inter- 
regional correlations and with regard to the timetable for 
changing patterns in the biogeography of early man. Although 
we raise these issues, their resolution must lie in part in the 
application of geophysical techniques to artefact-bearing 
sections other than those in East Africa. 

The new data come primarily from a group of sedimentary 
and volcanic formations in Northern Tanzania, namely that of 
the Peninj, west of Lake Natron. The evidence consists of 
potassium-argon dates and palaeomagnetic determinations 
based on samples interstratified with artefact-bearing horizons. 
Although we are continuing to elaborate and check the 

evidence, the main features of the results seem sufficiently well 


established to warrant summary publication. 













Jn an area about 50 miles north east of Olduvai, on the west 


- has yielded a hominid fossil, mammal fossils, early Acheulian 
assemblages and geophysical evidence for dating. The regi6nal 





-side of Lake Natron a long sequence of sediments and volcanics: 





sequence has previously been described*’ but is summarised 
here in Fig. 1 and Table 1. A series of K-Ar age determinations 
has been made by one of us (G.C.) and is also shown in Table 1. 

Assemblages of early Acheulian artefacts were obtained by 
excavation from two localities in the northern sector of the 
40 km strip over which the sedimentary sequence has been 
studied. The archaeological horizons were stratified within the 
Humbu Formation and in each case the artefacts closely 
overlie a major basaltic tuff unit. | 

One of the units dated by K-Ar, the “Wa-Mbugu basalt’ is an 
olivine basalt flow bedded within basaltic tuffs of the Humbu 
Formation some 15-20 km to the south of the sites. Another 
dated flow, the ‘intra Moinik basalt’, is stratified within the 
base of the overlying Moinik Formation in outcrops about 
8 km to the north. Unless the stratigraphic boundary between 
the Humbu Formation and the Moinik Formation is markedly 
time-transgressive from north to south, these two units bracket 
the age of the Acheulian occurrences. Field relations andthe 
nature of the contrast between the two units make time trans- 
gression seem unlikely. In any event, the two flows clearly are 
close in age to the age of the Acheulian industry. An australo- 
pithecine mandible was recovered from beneath the basaltic 
tuffs and is definitely older than both flows*’. 


Potassium-argon age determinations 


Table 1 shows the results of K-Ar and palaeomagnetic 
determinations made on various volcanic rocks from the West 
Natron succession. These K-Ar measurements were made by 
the standard techniques in use in the Berkeley K-Ar laboratory’. 
The palaeomagnetic results were obtained by T. Reilley working 
in Nairobi on samples collected by Isaac and Musset’. Although 
there is a fair degree of concordance between stratigraphy and 
K-Ar ages, the results do not show complete internal consistency 
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Fig. 1 Diagrammatic north-south sections through the Peninj 
Grðup in the West Natron area. The upper section shows the 
disposition of stratigraphic units without regard to topography. 
The lower section indicates topographic relations. Letters refer 
to lava flows listed in Table 1. (For a map see ref. 4, Fig. 1.) 








le 1 “Potassium-argon and magnetic polarity determinations made on the succession of volcanic rocks in the West Natro : 


K (wt %) 





are unit and rock type Run 
number 


Mointk Formation 


(F) Nephelinite KA 1814f Grossly inconsistent with stratigraphy R 
intra Moinik basalt KA 2410 1.02 0.210 14.4 1.33 + 0.05 ? 
(E) | KA 2589 1.01 0.249 10.6 1.38 -+ 0.09 ? 
Humbu Formation 
(D) Wa-Mbugu olivine basalt ( 1964 sample) KA 1754 0.729 0.200 26.0 1.55 + 0.03 N 
KA 1754R 0.729 0.294 10.7 2.27 + 0.06 N 
Wa-Mbugu olivine basalt (1969 samples) KA 2382 0.812 0.181 5.7 0.96 + 0.10 N 
KA 2382R 0.678 0.220 2.1 f21 + 0,36 wN 
KA 2578 0.765 0.132 Pai 0.97 -+ 0.25 N 
KA 2646 0.750 0.161 6.9 Lai 2 GAG N 
(C) Hajaro basalt Too altered for dating purposes R 
Sambu lavas 
(B,) Basalt from Peninj Gorge KA 1755 0.949 0.321 15.4 1.90 + 0.07 N 
KA 1755R 0.949 0.298 18.6 1.77 -+ 0.04 N 
(B,) Basalt from Malambo Gorge KA 2570 0.579 0,361 4.9 3.50 + 0.46 R 
Mozonik Volcanics | 
(A) Biotite lava | KA 1757 6.86 3.88 18.4 3.18 + 0.08 IR 
Results grossly inconsistent with strativraphy: 
(F) Moinik Formation nephelinite KA 1814 5.84 4.82 40.3 4.60 +0.07 R 
KA 2250 6.27 2.99 = 494 


and some interpretation is necessary. Palaeomagnetic data for 
several of the lava flows provide valuable control in assessing 
the reliability of the apparent ages. 

- R. L. Hay has carried out petrographic and X-ray diffraction 
examinations of several of the samples in order to assess the 
degree of alteration. Of the samples used in runs KA 2382, 
2578 and 2646 in a letter, he reports as follows: “A little of the 
zeolite is isotropic (= analcime ?) but most is weakly bire- 
fringent. A diffractogram indicates a substantial amount of 
phillipsite which is presumably the birefringent zeolite”. Hay’ S 
estimates of the overall percentage of zeolites are shown in 
Table 1. There are indications that the most heavily zeolitised 
lavas may be giving anomalously young ages. 

Interpretation of the individual measurements must now be 
discussed. The oldest unit dated is the Mozonik Volcanics for 
which biotite flakes from tuffs give an age of 3.2 Myr (KA 1757). 
A lava flow elsewhere on Mount Mozonik showed reversed 
polarity and presumably part of the volcano’s active life 
belonged in the Gilbert Reversed Epoch. 

The Sambu lavas consist of a thickness of more than 1,000 feet 
of basalt flows apparently originating from Oldoniyo Sambu 
(Fig. 1). These lapped around the Mozonik volcanic centre. 
‘The flows have normal polarity except for thin localised flows 
at the very top of the succession. During an interval between 
a lower set and an upper set of flows, a major canyon was cut 
and filled with sediments. Under chronological scheme A in 
Fig. 2 the dates of 3.5 + 0.46 Myr would be accepted and the 
dates of 1.9 and 1.77 Myr (KA 1755 and 1755R) for one flow in 
the upper set would be regarded as erroneous and the whole 
sequence assigned to the Gauss Normal Epoch. Under 
scheme B, the younger K-Ar results would be accepted as being 
consistent with an Olduvai event age. The first interpretation 
seems to be in better accord with the large scale of the formation. 

The Wa-Mbugu basalt is bedded within the Humbu Forma- 
tion at a level correlated with basaltic tuffs that overlie the 
australopithecine mandible and underlie the Acheulian industry. 
This single localised flow consistently showed normal polarity. 
A scatter of K-Ar apparent age values has been obtained, 
which seem to fall into two groups. A sample which showed 
only relatively slight alteration has given ages with a mean of 
1.91 Myr (1754 and 1754R) whereas two samples with 10-15% 
of zeolite yield apparent ages between 0.96 and 1.21 Myr 
(2382, 2382R, 2578 and 2646). If the older dates are accepted 
an Olduvai Event age is implied, if the younger ones are 
accepted—a Jaramillo Event age. 

Two runs on a sample of the intra Moinik Formation, basalt 
flow have produced consistent results with a mean of 1.35 Myr 
(2410, 2589). Unfortunately the polarity of this unit is uAknown 
since all samples collected turned out to have been struck by 
_ lightning. : 








Radiogenic Radiogenic Apparent Polarity 
Ar Ar (%) age x 108 
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within the upper tuff complex of the Moini 
above the equivalent level of the artefacts. This f 
reversed polarity (Site MZN113 of Reilley*) but à 
K-Ar dating have produced anomalous results—- 
4.6 x 10° Myr. Nephelinites, in our experience and i 
other laboratories, frequently give unreliable resi 
attempts to date this rock have been abandoned. The 
evidence is, however, of great importance in eval 
other determinations. Since the nephelinite ¥ 
polarity is stratified above the Wa-Mbuga Basalt in 
sections, the normal polarity of the basalt cannot. per 
Brunhes Normal Epoch but must belong to the Jara 
Olduvai Events, as implied also by the K-Ar results. 
Figure 2 shows alternative chronologies for the 
Group. Alternative A involves acceptance of tr 
1:35 Myr for the intra Moinik basalt and the older < 
for the Wa-Mbugu Basalt. Under this schem 
age for a Sambu lava flow must be rejected as 
inconsistent. Alternative B depends on rejection. 
Moinik basalt date of 1.35 Myr and acceptance of 
scatter of dates for the zeolitised Wa-Mbuga I 
We regard alternative A as more likely to prove 
While this paper was being revised, McIntyre, 
Dawson’? reported K-Ar dates for volcanics fro 
immediately to the south of the Natron basin. Tis 
that major movements occurred along the. Many 
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Fig. 2 The West Natron succession of lavas shown dn. 
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Industry Site 
Late Acheulian Kapthurin 
Acheulian Torre in Pietra 
Acheulian Olorgesailie 
Lower Acheulian and Developed Oldowan "Ubeidiya 
Acheullan Kariandust 


Lower Acheulian 


Table 2 K-Ar or palacomagnetic age determinations for Acheulian sites 


Olduvai EFHR 
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Comments and Source 
0.02 Ref. 24 


‘Apparent age x 10° (Myr) 
<0. 


< 0.429 Mean of 7, ref. 8 
0.425 Ref. 25 
= 0.64 Ref. 21 
= 0.68 
0.928 Ref. 9 
0.946 
1.1 
ow 1.4 (palaeomagnetic) Ref. 16 


This list is restricted to instances where the sample source is closely associated with the formation in which the sites are 
stratified. Several of these dates are problematic. For a general review see ref. 23. 


fault between 1.15 and 1.2 Myr ago. This episode almost 
certainly corresponds to the fault dislocations which terminated 
the accumulation of the Humbu and Moinik Formations along 
the western flanks of the Natron basin. The new information 
lends strong support to chronological interpretation A. 

Taken as a whole the geophysical data seem to be un- 
ambiguous in their indication of an age of the order of 1.0 to 
1.5 Myr for the early Acheulian sites in the Humbu Formation. 
Table 2 lists other Acheulian occurrences, dated by K-Ar or 
polarity stratigraphy. The extreme paucity of data is apparent 
and it is for this reason that we have reported our results in spite 
of their lack of precision. 

In addition to the K-Ar age determination there are a 
number of uranium decay series measurements on carbonates 
associated with Acheulian industries, for example those of the 
Riviera and the Casablanca region", the Afari? and Isimila in 
Tanzania!®, Where these methods have given rise to finite age 
estimates they are less than 300,000 yr. In most instances the 
associated industry is a ‘Middle’ or ‘Late’ Acheulian, so that 
the uranium series dates do not at present contribute to the 
problem of estimating the age of the early Acheulian. Some 
geochemists have important reservations about regarding Th-U 
measurements on many materials, as ‘dates’. 


Implications 


Whichever alternative chronology is adopted from Fig. 2, the 
age estimates for the Humbu Formation industries are very 
much greater than the values commonly entertained for the 
earliest Acheulian in the Mediterranean basin or Europe where 
estimates based on stratigraphic considerations commonly 
range between 300,000 and 500,000 yr. And yet the combined 
evidence of the various East African sections gives a very strong 
indication that at least some stone tool kits of Acheulian type 
began to be made in East Africa more than a million years ago. 
The Olduvai evidence reported by M. D. Leakey’ and by 
Brock, Hay and Brown?’ is unambiguous in its demonstration 
that the earliest Acheulian assemblages are of Matuyama 
Reversed Epoch age (that is = 0.7 Myr), and the K-Ar dates 
and stratigraphy of the Olduvai sections like the Natron 
section implies an age of between 1.0 and 1.6 Myr. 

Until recently it seemed possible that the apparent dis- 
crepancy between East Africa and Europe was caused primarily 
by a tendency of European stratigraphers to undervalue the 
duration of the ‘Middle Pleistocene’, but recent palaeomagnetic 
work has resulted in the determination of the position of the 
Brunhes-Matuyama boundary in two important European 
Pleistocene sections—namely, those of the Netherlands and of 
Poland. Expressed in biostratigraphic and climate-stratigraphic 
terms, the boundary has been found by Mont-Frans to lie in 
the lower portion of strata classified as ‘Cromerian’ in the 
Netherlands?” and Kukla has located it in the early Biharian 
of Poland!*, The oldest stone tool assemblages which contain 
hand axes in Europe, however, are normally. assigned to the 
‘Elster’ (or Mindel) stratigraphic complex which succeeds the 
‘Cromerian’. 

Evidence for hominid occupancy of Europe before Elster- 
Mindel times is very scanty with the allegedly late Villafranchian 
site of the Grotte du Vallonet near Nice constituting one of a 
very few important possible documents’. Another possible 


pre-Mindel occurrence is that of Abbeville, where hand axes were 
collected by D’Ault du Mesnil in 1875-96 (ref. 20). These may 
have been of late Cromerian age, but full stratigraphic 
information is not now available. 

The ‘Ubeidiya Formation contains what seem to be the 
oldest geophysically-dated artefacts in Eurasia. Lava flows 
believed to be stratigraphically above Acheulian and Developed 
Oldowan occurrences, have been dated at 0.64 and 0.68 Myr 
(ref. 21). 

Palaeomagnetic stratigraphy has not yet been reported for 
such important Mediterranean basin sequences as those of 
Latamne (Syria), Ternifine (Algeria) or Sidi Abder Rahman 
(Morocco). The Indian sites are similarly unknown geo- 
chronological quantities, though new work in Java may soon 
throw light on the age of the apparently ‘non-Acheulian’ 
Homo erectus population there??. 

If, as seems likely, further work substantiates the present 
indications of an antiquity of a million years or more for the 
earliest East African Acheulian assemblages, and, if the 
apparent ages of less than half a million years are sustained for 
Europe, then understanding of the timing of developments in 
human cultural geography will have to be profoundly modified. 
It will be necessary to consider the possibility that hominids 
were essentially restricted to tropical and warm temperate zones 
for a much larger fraction of their evolutionary history than has 
hitherto been envisaged. For these questions to be resolved 
it is urgent that there be an intensification of efforts to secure 
chronometric determinations and palaeomagnetic data from 
Middle Pleistocene, artefact-bearing sedimentary sequences in 
areas outside East Africa. 

The research at Peninj was a joint undertaking with Richard E. 
Leakey. The Tanzanian government kindly gave its permission 
and encouragement. Financial support came initially from the 
National Geographic Society and latterly as part of a National 
Science Foundation Grant. The final stages of the work was 
done during tenure by one of us (G.L.L.) of a Miller Professor- 
ship in the University of California. Dr Mary Leakey read a 
draft report and kindly gave advice. 
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The mechanism of action of the plant toxins abrin and ricin 
is described. The toxins inhibit protein synthesis probably 
by inactivating the 60S ribosomal subunits, interfering with 
chain elongation. Only eukaryotic ribosomes are attacked 
by the toxins. 


PROTEINS toxic to animal cells are widely distributed but in 
only a few cases is their mechanism of action at the cellular 
and molecular level known in detail. Recently, considerable 
progress has been made in work on the toxic proteins abrin and 
ricin, whose mechanism of action is now rather well under- 
stood. The facts learned about the binding of abrin and ricin 
to cell receptors and their subsequent uptake into cells is of 
considerable general interest, since recent evidence suggests 
that similar mechanisms may apply in the case of other toxic 
proteins and possibly also in the case of some protein hormones 
and growth factors. 

Abrin and ricin, which are present in the seeds of Abrus 
precatorius L. (Leguminosae) and Ricinus communis L. (Euphor- 
beaceae) respectively, have been known since the end of the 
last century (for review see ref. 1). Previously it was thought 
that the toxic action of these proteins in animals is due to 
the strong haemagglutinating properties of abrin and ricin 
preparations. More recent work has shown, however, that the 
agglutinating activity is associated with closely related, nontoxic 
agglutinins present in the same seeds’? and that the highly 
purified toxins possess little or no agglutinating ability. Abrin 
and ricin have been reported to be more toxic to malignant 
than to normal cells and attempts to treat cancer in animals 
and man with abrin and ricin have been reported’, 


Structure 
Abrin and ricin are glycoproteins with molecular weights of 
60,000 to 65,000 (refs 2, 4, 7, 9-11) (Fig. 1). The whole toxins 
move as single bands in polyacrylamide gels in the presence of 
sodium dodecyl sulphate, but on treatment with 2-mercapto- 
ethanol, they are split into two peptide chains®**""', moving at 
rates corresponding to molecular weights between 30,000 and 
35,000 (Table 1). Thus, the toxins consist of an A and B chain, 
joined by SS bonds (Fig. 1). We have separated the two 
peptide chains in their native form by ion exchange chromato- 
graphy®*. The isolated peptides thus obtained are not con- 
taminated to any significant extent with the other chain. If 
a mixture of the isolated A and B chains is dialysed to remove 
2-mercaptoethanol, the disulphide bridges between the two 
‘chains are reformed (S.O., A. M. Pappenheimer, and A. A. 
tper, in preparation). The reconstituted proteins are almost 
xicas the native proteins (Table 2), apmenstabing that the 
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peptide chains do not lose their activity during the se 
Hybrid proteins consisting of the A chain of abrin 
B chain of ricin and vice versa, were also preps 
A. M. Pappenheimer, and A. A. Harper, in p | 
Such hybrids have toxicities close to those of the nati J 
(Table 2). 

Both toxins consist of a neutral and an acidi 
(Table 1). In the case of abrin, the A chain is 
in ricin the B chain has the low pl value. In’ 
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Fig. 1 Schematic structure of abrin and ricin. 


B chains contain most of the carbohydrates (Table 1), — 

The structure and properties of abrin and ricin ar 
ly similar although they come from the seeds of- 
plants. Although the toxins are immunologically d 
(refs 5, 6 and 12 and S. O., K. R., A. P., and T. Ch 
in preparation) and show differences in their an 
composition (in preparation) the many similarities 
that the toxins descend from a common ancestor moleca! 


Effect in vivo 
Abrin and ricin are extremely toxic to animals an 
After intraperitoneal administration the LD5 doses in 
40 ng and 100 ng for pure abrin and ricin, resi 
These very small doses lead to death in the ca 
days, whereas larger doses have a more rapi 
animals never die earlier than 8-10 h after į 
administration of toxin. In animals intoxicated 
doses, haemorrhages in the viscera and serous- 
found, whereas in animals treated with smaller dose 
necrosis develops in the parenchymous orga 
germinal centres of the lymphatic organs, Prey 
revealed little or no change in oxygen consumption : : 
metabolism, and the serum concentration of vario 

bolites studied remained unchanged in the early stage 


imoxication?, 
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Table 1 Physical properties oF N E aad Tinea constituent 
peptide chains 


Toxin Molecular weight* pit Carbohydrate contentt 
Abrin 6.1 

Abrin A chain 30,000 4.6 o 

Abrin B chain 35,000 7.2 7.4 

Ricin 65,000 7.1 — 

Ricin A chain 32,000 7.5 2.4 

Ricin B chain 34,000 4.8 6.5 


*Measured by polyacrylamide gel electrophoresis in the presence of 
sodium dodecyl sulphate’. 

tMeasured by isoelectrofocusing (S. O., K. R., A. P., and T. 
Christensen, in preparation). 

tIn % (w/w). Measured by gas chromatography (S. O., K. R., A. P., 
“and T Christensen, in preparation). 


The selective inhibition of protein synthesis by abrin and 
ricin was, first shown by Lin er alt? and our data in Fig. 2 
confirm their experiments. It is shown that when I-ml samples 
of Ehrlich ascites cells were treated with 0.1 ug of the toxins, the 
incorporation of ™C-leucine into acid-precipitable material 
decreased after a lag time of about 30 min and stopped after 
2 h (Fig. 2a). The incorporation of labelled thymidine was 
also inhibited by this concentration of the toxins (Fig. 2b), 
although after a longer lag time. On the other hand, the incor- 
poration of “C-uridine was only slightly inhibited by 0.1 pg 
mli of the toxins (Fig. 2c). 


Different functions of the two peptide chains 

The toxic effect in vivo seems to depend on the intact structure 
of the toxins!*. Thus, we found that the isolated peptide 
chains had only ~ 1 % of the inhibiting effect on protein synthesis 
in cells compared with that of the intact toxins (data not shown). 
A similar relationship was found when the toxic activity was 
tested in living animals (Table 2), A mixture of the two chains 
(reduced toxins) had the same low effect as isolated A or B 
chains. As pointed out above, reconstituted toxins or hybrid 
proteins show about the same toxicity as native abrin and ricin. 
(S. O., A. M. Pappenheimer, and A. Harper, in preparation). 


Table 2 Biological properties of abrin, ricin and their constituent 
peptide chains 
Toxicity Inhibition of cell- Indirect haemag- 
free protein syn- —glutinationt 
thesis* 


LD, Amount giving Amount giving 
(g) 90% inhibition visible agglutina- 
(i ug mi?§ tion (G pg mii) 
Abrin 0. 1.00 0.05 
Abrin A chain > 10.00 0.01 1.00 
Abrin B chain > 10.00 5.00 0.05 
Abrin (reduced)* > 10.00 0.02 ee 
Abrin (reconstituted) |! 0.15 sa ee 
Ricin 0.10 1.00 0.04 
Ricin A chain > 10.00 0.01 5.00 
Ricin B chain > 10.00 3.00 0.04 
Ricin (reduced)* 5.00 0.03 he 
Ricin (reconstituted) |) 0.20 — mer 


Hybrid (abrin A chain/ 

ricin B chain) | 0.15 — on 
Hybrid (ricin A chain/ 

abrin B chain)! 0.30 de . 


* The cell-free system (0.5 ml) was an unfractionated rabbit 
reticulocyte lysate to which was added salt solution, an energy 
donating system, “C-leucine and the 19 other (unlabelled) amino 
acids. The system is essentially that of Lingrel as described elsewhere?! 

t Washed human erythrocytes (blood group B`) were mixed with 
toxins or their peptide chains in | ml of 10 mM Tris-HCI (pH TSh 
0.14 M NaCl for 60 min at 20° C. Then 5 ul of antiabrin or antiricin 
was added and the samples were observed under the microscope 
after 9 h. Conditions as described elgewhere®'®, 

į The amount giving 50%, death when injected intraperitoneally 
into mice as described elsewhere”? 4 

§ Measured after 60 min incubation at 30° C. 

1 Pretreated with 1% 2-mercaptoethanol overnight at 4° C. 

| Equimolar amounts of A chain and B chain were mixed and 
dialysed to remove 2-mercaptoethanol and reoxidise the disulphide 
bridge as described elsewhere (S. O., A. M. Pappenheimer, and. A. 


Harper, in preparation). . a 





The Saue indicate i that only e TR species consisting of 


A and B chains joined by disulphide bridges have toxic effects 
on intact cells and living animals. 

When the effect on protein synthesis of abrin, ricin and their 
constituent peptide chains was studied in a cell-free system 
from rabbit reticulocytes, we obtained results which in several 
respects were opposite to those obtained with intact cells®-#:18, 
Thus, reduced toxins, consisting of a mixture of A and B chains 
were much more potent than the intact toxins (Table 2). 
Experiments with the isolated chains showed that the inhibitory 
effect on protein synthesis is associated with the A chain of 
the toxins, whereas the isolated B chains were comparatively 
inactive. The results suggest that when the A chain is bound 
with a disulphide bridge to the B chain, it is prevented from 
inhibiting protein synthesis in a cell-free system. Possibly, the 
moderate inhibition observed when intact toxin is added (Table 
2) may be accounted for by the fact that the cell-free protein 
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Fig. 2 Effect of abrin and ricin on the synthesis of protein (a), 
DNA (b), and RNA (c) in Ehrlich ascites cells in vitro. Abrin 
and ricin were extracted and purified to homogeneity as des- 
cribed elsewhere®*. To l-ml samples of Ehrlich ascites cells, 
washed and suspended in incubation medium as described 
elsewhere!®, were added 0.5 uCi “C-leucine (specific activity 
331 Ci mol?), 10 pCi methyl-?H-thymidine (specific activity 
24.5 Ci mol?) or 0.5 pCi “C-uridine (specific activity 505 
-Ci mol) as indicated. The samples were incubated at 37° C, 
aliquots were removed after different times and the acid- 
precipitable radioactivity was measured as described elsewhere” 
with the exception that in the case of (c), the aliquots were 
poured directly into cold 5°% trichloroacetic acid rather than 
pretreated with 0.1 N NaOH, x, Control; ©, 0.1 ug abrin; @, 
0.1 pig ricin. 


synthesising system contains a low concentration of 2-mer- 
captoethanol capable of liberating small amounts of A chain. 

Since a complete toxin consisting of both A and B chains is 
required for activity on whole cells, it is clear that the B chain 
must have a specific function. Our recent experiments indicate 
that the B chain ts necessary for binding the toxins to the cell 
surface®*, In indirect haemagglutination experiments, where 
erythrocytes, pretreated with isolated B chain (or intact toxin), 
were exposed to an antiserum against the toxin (Table 2), the 
cells agglutinated, indicating that the antibody molecules form 
bridges between the cells with anchor points in the B chains 
or intact toxin molecules bound to the cell surface. Under 
similar conditions, pretreatment of the cells with A chain did 
not result in agglutination with antiserum, and we have been 
able to demonstrate this in a more direct way. Sepharose 
particles possessing covalently bound intact toxins or isolated 
B chains will bind erythrocytes, whereas particles with bound 
A chains will not (Fig. 3). 


Binding to surface receptors 

The B chains of the toxins probably bind to galactose-contain- 
ing receptors on the cell surface. We found that the haemagglu- 
tination by antisera of erythrocytes pretreated with B chains 
could, be inhibited in the presence of galactose or lactose’. 
Furthermore, inthe presence of lactose no erythrocytes became 
bound” to Sepharose particles containing covalently bound 
toxins (Fig. 3). Also, the ability of abrin and ricin to inhibit 
protein synthesis in Ehrlich ascites cells is strongly reduced 
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Fig. 3 Binding of erythrocytes to Sepharose particles with 
covalently bound toxins or B chains. Abrin and ricin or their 
constituent peptide chains were linked covalently to cyanogen 
bromide-activitated Sepharose particles, (Pharmacia, Uppsala, 
Sweden) 10 mM lactose was present during the binding pro- 
cedure to prevent the toxins from becoming bound by their 
specific binding sites to galactose residues of Sepharose. Sepha- 
rose was washed several times at high and low pH and with 
0.1 M lactose to remove unbound material. It was then washed 
extensively with 0.1 M sodium phosphate (pH 7.1) containing 
0.14 M NaCl and subsequently it was. resuspended in the 
same buffer. One drop was mixed with about 10° human 
erythrocytes and mixed carefully by gentle shaking. Where 
indicated, 10 mM lactose was added. The mixture was ex- 
amined under the microscope. a, Abrin;. 6, abrin (lactose); 
c, ricin; d, ricin (lactose); e, abrin A chain: J, abrin B chain; 
g, ricin A chain; A, ricin B chain. 


when lactose is present in the culture medium (Fig. 4). In the 
presence of 10 mM lactose about twice as much abrin was 
necessary to reduce the protein synthesis by 50°% as when 
lactose was omitted, and in the case of ricin about 30 times the 
concentration of toxin was required to obtain the same toxic 
effect as in the absence of lactose. Similar data have been 
obtained with ricin by other authors. Evidence that only the 
B chain is involved in the binding of the toxins to galactose 
was obtained in experiments where we applied isolated chains 
of the toxins to a column of Sepharose 4B (which contains 
galactose residues). In this case the A chain passed through the 
column, whereas the B chain was retained and could be eluted 
with galactose®. The ability of the toxins to bind to Sepharose 
columns has been utilised in several laboratories for the pufrpose 
of purification of the toxins’ ® 37, 0 * e 

The toxins seem to have one g site for galactose- 
scontaining carbohydrates, wherea “nontoxic agglutinins 





present in the same seeds have two binding sites’. 
found in equilibrium dialysis experiments that è 
molecule binds one molecule of lactose, whereas the a 
bind two lactose molecules per molecule. Abrin and fi 
therefore be considered as monovalent lectins. The B 
constants were 8x 10° | mol-! (abrin) and 1.5 RF I mmol 
(ricin). 

On the surface of different cells about 1 x 10° t0 2 
to which the toxins can bind seem to È 
presence of a higher number of sites on the 
cells than on their normal counterparts may i 
why abrin and ricin seem to be more toxic to m 
to normal cells?*. 















Penetration of the toxins into cells 
Since the B chains seem to bind the toxins to the cell su 
we Shall call this chain the *haptomer’ (Fig. 1). The A che 
which carries the toxic activity, is denoted as the ‘effectom: 
It is likely that after the toxins are bound to the cell sur 
by the haptomer, the A chain (or possibly the whole tox 
transported into the cytoplasm to its site of action, the ribos 
(see below). It should be noted that whereas in a c 
system protein synthesis is inhibited immediately after ack 
of the toxins’, we always found a lag of at least 30 mi 
37° C) when cells in culture were treated with the toxins, even 
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Fig. 4 Effect of factose on the ability of abrin (a) and ricin (6) to 
inhibit protein gynthesis in Erhlich ascites cells. To 1-mi samples 
of a solution of Ehrlich ascites cells were added increasing 
amounts of t8xin as indicated in the absence (@), and presence 
(x) of 10 mM lactose. The samples were incubated as in Fig. 2a 
and after 1 h, 0.5 pCi of “C-leucine was added to each tube. 
The samples were further incubated for one more hour. Then 
aliquots were removed from each sample and the acid-precipit- 
° able radioactivity was measured. 
® 





“Table 3 Protective effect of antitoxins TS aed te to "Ehrlich ascites cells | 


at different times after abrin and ricin 


Time of toxin interaction Inhibition of protein synthesis 


with the cells before 


addition of antitoxin Abrin Ricin 
min Aar A 

0 0 0 

5 33 il 

10 67 44 

30 92 78 

60 100 100 





To 1 ml samples of a suspension of Ehrlich ascites cells prepared 
as in Fig. 2a was added 1.0 ug of abrin and ricin. After incubation 
at 20°C for the indicated periods of time, a neutralising amount 
of antiabrin and antiricin was added. The samples were incubated 
at 20° C for a total of 60 min, then the incubation was continued at 
37° C for 2h to enable the effect of the toxins to develop (see Fig. 2). 
4C-Leucine (0.5 pCi) was then added and the acid-precipitable 

| r jam was measured as in Fig. 2a. 
nae atercentage reduction in radioactivity incorporated (control: 










chee “he toxin concentration of the medium was as high as 
100 pg mi~ (ref. 19). This lag is greater at lower temperatures 
(being 6 h at 20° C). Since the binding of the toxins to the cell 
surface seems to be rapid, in seems that the transportation of the 
toxin (or the free A chain) into the cytoplasm accounts for 
most of the lag. Our finding (Table 3) that the toxic effect can 
be counteracted by antitoxins only during the first 30 min of 
the 6 h lag at 20° C, indicates that during the remaining 5.5h 
the toxins are not exposed on the outside of the cells. 

They are possibly engulfed by endocytotic vesicles from which 
they are slowly liberated into the cytoplasm. It is generally 
believed that such vesicles merge with lysosomes. Our recent 
| finding that the toxins are extremely resistant to proteolytic 
enzymes may be significant in this respect (S. O., K. R., and 
A. P., in preparation). The view that the cellular uptake of 
abrin and ricin involves endocytosis is supported by our finding 
that these toxins are unable to inhibit protein synthesis in 
reticulocytes which have little or no endocytotic activity’, 
even though the toxins bind readily to the surface of these 
cells, It is interesting to note that many viruses are taken up by 
a similar mechanism in that they bind to specific receptors on 
the surface of susceptible cells (viropexis) and are then trans- 
ported into the cytoplasm by endocytotic activity. 


Mechanism of protein synthesis inhibition 


© The A chains of abrin and ricin have an immediate inhibitory 
=o effect on protein synthesis in a cell-free system from rabbit 
- reticulocytes®*, To see whether abrin and ricin act on the 
ribosomes or on some soluble factors, we fractionated the 
-_ lysate into ribosomes and a postribosomal supernatant, which 
-were incubated separately with and without A chains from 
abrin and ricin®. After incubation, the toxins were inactivated 
by addition of sufficient amounts of specific antitoxins. Sub- 
sequently, the ribosomes and the supernatants were recombined 
and a cell-free protein synthesising system was prepared. When 
the ribosomes had been pretreated with the toxins, virtually no 
incorporation of labelled amino acids into protein occurred, 
whereas pretreatment of the supernatant did not inhibit the 
amino acid incorporation. The fact that abrin and ricin 
inactivated isolated ribosomes indicate that a cofactor is not 
= necessary. Our results indicate that only the eukaryotic type 
Of ribosome is susceptible to the toxins, as protein synthesis 
in a cell-free system from Escherichia coli” ¿Was not reduced, 
<. whereas the incorporation of labelled amino acids into proteins 
in a cell-free system from rat liver? and wheat germ (our 
unpublished work) was strongly inhibited. œ 
Not only protein synthesis directed by natural messengers, 
_ but also poly(U)-directed polymerisation of labelled phenyl- 
_ alanine, is inhibited. The inhibition was strongest in the 
- presence of a low concentration of Mg?+ ions (4 mM) and could 
® 











(our unpublished data). 


y increasing the concentrati 





In a cell-free system the dioxins seen to inhibit 
the elongation of already initiated peptide ch 
sucrose gradient centrifugation we found that whe 
of new peptide chains was inhibited, the polysom 
preserved if the incubation was carried out in thi 
the toxins and that the toxins prevented the runoff 
ordinarily observed under such conditions?! ??, 

When the ability of isolated ribosomes to suppo 
tion of radioactive puromycin into acid-precipiti 
was measured, no difference was found whether or 
ribosomes had been preincubated with the tox. 
published results), Similar findings were made by 
et al and by L. Carasco (personal communi 
data obtained so far thus indicate that the toxins ¢ 
formation of the peptide bond. 

Recent findings of Montanaro et al.?? indica 
inhibits the ribosome-linked GTP hydrolysis catal 
and Sperti ef a/,*4 have obtained evidence that the 61 
subunit is the site of action of ricin. Data from our 
tory indicate that abrin also inactivates the 60S s 
likely therefore that the toxins act by modifying t 
somal subunits in some way, rendering them uni: 
with EF2. 


Enzymatic activity of the effectomer 


The minimum amount of abrin and ricin neces 
HeLa cells in culture was estimated to be less tł 
molecules per cell (unpublished data). Since 
cells contain about 10° to 10° ribosomes and sinc 
that a substantial fraction of the ribosomes must b 
to kill the cells, we inferred that the toxins sı 
catalytically*®. This view is supported by our fin 
cell-free systems thousands of ribosomes were inact! 
30 min by one toxin molecule®*!*, Our subsequent 
the inactivation of ribosomes by the toxins is a time ¢ 
ture-dependent process is also consistent with the \ 
toxins possess enzymatic activity”. The possibi 
A chains of the toxins activate an enzyme which the 
the ribosomes, is unlikely since the A chains inacti 
ribosomes in simple buffer solutions®*. It is not kn 
the toxins are specific proteases or specific R Nases 
eukaryotic ribosomes in a similar way as colicin E 
bacterial ribosomes (for review see ref. 1). 


Implications 


The finding that the toxic plant proteins abrin and 
of a haptomer moiety responsible for the binding 
to surface receptors of susceptible cells and an effe 
responsible for the specific toxic action, seem to be 
able interest. Thus, it has prevoiusly been shown th: 
toxin consists of an enzymatically active A chain w] 
protein synthesis by inactivating the elongation 
and a B chain which binds the toxin to specific 
surface of susceptible cells (for review see ref. 25 
is now accumulating that cholera toxin?*, botul: 
and tetanus toxin®® may similarly consist of a hapte 
effectomer moiety. Also it seems possible that 
endocytosis after specific binding to the cell surf 
widespread in nature. It is an interesting possibilit 
and ricin pass the cell membrane by routes original! 
for the uptake of physiological proteins, like certai: 
and growth factors. 
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The evidence that rabbit DTNB light chains bind to 
‘desensitised’ scallop myosin and restore calcium sensi- 
tivity, that is, they functionally replace the scallop EDT A 
light chain, may suggest that these light chains are 
involved in some type of calcium regulatory mechanism 
in rabbit myosin in vivo. 





In skeletal muscle, contraction is regulated by the inter- 
action of calcium ions with the specific protein troponin, 
which is attached to the actin filaments'. In molluscan 
muscles* and in some primitive invertebrates’, on the other 
hand, contraction is regulated by the interaction of calcium 
with myosin. Molluscan myosin preparations bind calcium 
and their ATPase activity in the presence of pure actin is 
calcium dependent’. The calcium dependence of the actin- 
activated ATPase activity of scallop myosin requires the 
presence of a specific light chain, called the EDTA light 
chain because it is released from myosin if the divalent 
cation concentration of the medium is lowered by the 
addition of EDTA‘. The release of the light chain results in 
a loss of calcium sensitivity, that is, the myosin is ‘desensi- 
tised’ and the calcium requirement for the actin activated 
ATPase activity is abolished. Recombination of the EDTA 
light chain with the densensitised myosin in the presence of 
divalent cations restores calcium sensitivity, showing that 
the light chain functions as a regulatory subunit. 

Comparative studies on the calcium regulatory systems 
of a wide variety of species’ have revealed that the muscles 
of some invertebrate species contain both myosin-linked 
and actin-linked calcium regulation. These results prompted 
an investigation of a possible role in calcium regulation of 
the myosin light chains in other species, such as vertebrates, 
whose muscles seem only to show | actin-linked calcium 
regulation. 

The number, size and chemical characteristics of myosin 
light chains from a variety of vertebrate species and different 
muscle types are rather diverse’ and, as Yet, theré is no 
unambiguous demonstration of the role of the subunits in 
the functions of the myosin molecule. Rabbit skeletal 


myosin, the most extensively studied, contains three | 
chain components and these may be divided, on the bas 
chemical studies* into two distinct classes--(1} the so 
‘alkali’ light chains® with molecular weights of 21,000 
17,000 which have extensive sequence homology™ and 4 
been implicated in regulation of the enzymatic activi 
the myosin”! and (2) the DTNB light chain with a mol 
lar weight of about 19,000, which is selectively rele 
from myosin by treatment with 5,5°-dithiobis(2-n 
benzoic acid) (DTNB)"". In view of the evidence" that 
DTNB light chain is not required for the hydrolytic act 
of the myosin, since its selective removal by treatment - 
DTNB does not significantly alter the ATPase activity of t 
residual myosin, a possible role for this light chain in e 
cium regulation was investigated. 















DTNB light chain and rabbit myosin 


Treatment of rabbit skeletal myosin with T ecing | 
nitrobenzoic acid) (DTNB)®, which blocks about 80% © 
the kaps thiol groups, leads to the selective Ban of 2 
50-60%, (about 1 mol) of the DTNB light chains. Treat 
ment with EDTA alone‘ does not remove the DTNB lgu 
chain. The loss of 1 mol of DTNB light chain does not 

significantly alter the properties of the residual myosin, it — 
has little effect on the ATPase activity or on the ability of =- 
the myosin to interact with actin, and a calcium-sensitive : i 
complex is formed when this myosin is mixed with actin- 
containing the calcium regulatory proteins troponin and 
tropomyosin. Similarly, if subfragment 1 ‘is prepared from. 
DTNB-treated myosin by papain cleavage”, no intact 
DTNB light chains are detectable by polyacrylamide gelo 
electrophoresis in the presence of SDS (Fig. 1). Double 
reciprocal plots of the actin-activated ATPase of this sum = 
fragment” yields a value for Vmax (12 umol ATP mint mg") = 
similar to that Obtained with subfragment 1 prepared from 
untreated myosin. This subfragment also interacts with actin 
containing tropomyosin and troponin to form a calcium- 

sensitive complex. The functional significance of the DTNE 

light chain is therefore unclear and its presence is apparently 

no required for the normal biochemical functions of the 

+ 
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Fig. 1 10% SDS polyacrylamide gel electrophoresis” of: 
a, rabbit myosin; b, subfragment 1 prepared from untreated 
rabbit myosin; c, subfragment 1 prepared from DTNB- 
treated rabbit myosin. Buffer system used was 100 mM Tris 
bicine (pH 8.3), 0.1% SDS and the gels were stained with 
0.5% Coomassie brilliant blue. HC, heavy chains of myosin 
and subfragment 1; A), ‘alkali’ 1 light chain; DTNB, DTNB 
light chain; A», ‘alkali’ 2 light chain. 


myosin. It is difficult to accept that this light chain is a 
tightly bound contaminant of the myosin, especially in 
view of the stoichiometric amounts found in myosins from 
several species”. An alternative explanation is that the 
DTNB light chains in the intact muscle may have a function 
that has been lost during extraction and purification of the 
myosin; for example, it may, like the EDTA light chain in 
molluscan myosin, be involved in some type of calcium 
regulation. To explore this possibility, the interaction of the 
DTNB light chain with ‘desensitised’ molluscan myosin pre- 
parations was studied. 


DTNB light chain and 

‘desensitised’ molluscan myosin 

Treatment of scallop myofibrils, actomyosin or myosin with 
10 m M EDTA (ref. 4) leads to the release of 1 mol of the 
EDTA light chain and to a loss of calcium sensitivity, that is, 
the preparations are ‘desensitised’ and the calcium require- 
ment for the actin-activated ATPase activity of the myosin 
is abolished. Rabbit DTNB light chains were added to pre- 
parations of desensitised scallop myofibrils, actomyosin and 
myosin and the mixtures were washed extensively to remove 
nonspecifically bound light chains. Polyacrylamide gel 
electrophoresis in the presence of SDS of these preparations 
(Fig. 2) shows that the DTNB light chain combined readily 
with these desensitised preparations. In the case of the de- 
sensitised myofibril and actomyosin preparations, the bind- 
ing of the DTNB light chain always leads to a restoration 
of calcium sensitivity (Table 1) that is, the DTNB light 
chain can replace the scallop EDTA light chain. In the case 
of purified myosin preparations, however, the results are 
somewhat more complicated, Although the DTNB light 
chain always binds to the desensitised myosin preparations 
(Fig. 2), its ability to restore calcium senSitivity to these 
preparations is rather variable. The results in Table 2 illus- 
trate that the DTNB light chain can in some cases, fully 
restore calcium sensitivity to the desensitised myosin. In 
certain other preparations, however, even though the DT NB 

. 
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light chain is bound, the myosin remains completely insensi- 
tive to calcium. These desensitised myosin preparations, 
however, become calcium sensitive when combined with the 
scallop EDTA light chain. This lack of calcium sensitivity 
when the DTNB light chain binds to certain desensitised 
myosin preparations must be due to rather subtle altera- 
tions in the structure of the myosin, and indicates that the 
DTNB light chain requires a rather more ‘specific myosin 
configuration’ than the EDTA light chain does, in order to 
bind in the correct position and restore calcium sensitivity. 
The reasons for the variability in resensitising myosin with 
the DTNB light chain are at present unclear. Since the 
desensitised myofibril and actomyosin preparations can 
always be resensitised by the addition of the DTNB light 
chain, the presence of actin in these preparations probably 
stabilises the structure of the desensitised myosin. We have 
no evidence to suggest that the DTNB light chain interacts 
with either the actin or tropomyosin in these preparations. 

To measure directly the amount of DTNB light chain 
bound to the myosin in these desensitised preparations, the 
light chains were radioactively labelled by alkylating their 
thiol groups with “C-labelled iodoacetic acid. This treat- 
ment has no effect on the ability of the light chain to bind 
and to restore calcium sensitivity. Using these labelled 
DTNB light chains, it was found that calcium sensitivity 
was completely restored when about 1 mol of light chain 
is bound per myosin molecule, and the extent of restora- 
tion of calcium sensitivity correlates approximately with the 
amount of light chain bound (Tables | and 2). Only 1 mol 
of DTNB light chains is bound, even when a large excess 
of light chain is added. These values are consistent with our 
previous findings”, that 1 mol of EDTA light chain is re- 
leased when the myosin is desensitised by treatment with 
EDTA. These results and the fact that neither intact myo- 
fibrils nor myosin bind the DTNB light chain unless the 
EDTA light chain has been removed, further suggest that 
the DTNB light chain must bind at approximately the same 
position on the myosin heavy chains as the EDTA light 
chain. 

Release of the EDTA light chain from scallop myofioril 
and myosin preparations decreases the amount of calcium 
bound by the myosin in these preparations by about 40%, 


DTNB-LC 


Fig. 2 
strating the binding of rabbit DTNB light chains to desensi- 


10% SDS polyacrylamide gel electrophoresis demon- 


tised scallop myofibril and myosin preparations. a, 
Desensitised scallop myofibrils; b, desensitised myofibrils 
plus DTNB light chain; c, desensitised scallop myosin; d, 
desensitised scallop myosin plus DTNB light chain, e, 
DTNB light chain. The isolated rabbit DTNB light chain 
was added in large excess to the desensitised scallop 
preparations in 40 mM NaCl, 1 mM MgCl, 5 mM phos- 
phate buffere(pH 7.0) and these preparations were washed 
extensively to remove the unbound light chains. HC, myosin 
heavy chains; AC, actin; TM, tropomyosin; LC, scallop 
light chains; DTNB-LC, rabbit DTNB light chain. 












Table I Effect of the DTNB light chain on the ATPase activity of desensitised scallop myofibrils 


MOP AAA AIRC HIR ADA Heid HpaI eOe Wad AMR oe a Wine rain lid nna MOE EE a 





4C-DTNB | 4C-DTNB Actin-activated ATPase 
light chain added light chain bound {umol ATP mg™ min“ at 25° C) Ratio 
{mol per mol myosin*) (mol permolmyosin*) 0.1 mM EGTA 0.1 mM Ca?** EGTA/Ca** 
Control ) mme 0.186 0.194 0.96 
0.22 0.16 0.170 0.203 0.84 
0.44 0.36 0.147 0.240 0.61 
0.70 0.60 0.070 0.232 0.34 
1.10 0.90. 0.031 0.238 O93 
1.50 1.18 0.022 0.246 0.09 
Native myofibrils 0.018 0.208 9.08 





*Assuming that the myosin content of desensitised myofibrils is 65°4, the molecular weight of the myosin is 425,000 and that o 


light chain is 19,000. 











The desensitised myofibrils were eed for 10 min with increasing amounts of the “C-labelled DTNB light chain in 40 mM Naci 
i mM MgCl, 3 mM phosphate (pH 7.0) and washed four times with 10 volumes of the same solution. Aliquots were taken for ATP Dace 
measurements! and for liquid scintillation counting to determine the amount of light chain bound. 


(ref. 4). Full calcium binding is regained when the EDTA 
light chain and the desensitised myosin are recombined 
(Table 3). When the DTNB light chain is combined with 
desensitised myofibril and myosin preparations, however, 
the amount of calcium bound is increased by only 10-20%. 
This rather lower figure raises the question, especially in 
view of the results in Table I and 2 which indicate that the 
DTNB light chain can fully restore calcium sensitivity to 
these preparations, whether there is a correlation between 
the restoration of calcium sensitivity and the amount of 
calcium bound. To answer this question, the ATPase activi- 
ties and the amount of light chain bound by desensitised 
myofibrils were assayed after the calcium binding measure- 
ments. The results in Table 3 indicate that during our cal- 
cium binding procedure‘ there was a slight decrease in the 
amount of DTNB light chain bound (0.89 mol light chain 
bound per mol myosin) and a decrease in calcium sensitivity 
(compare Table 1). Therefore, when the DTNB light chain 
combined with desensitised myofibrils, the restoration of 
calcium sensitivity seems to parallel the increase in the 
amount of calcium bound by these preparations. 

The DTNB light chain is tightly associated with scallop 
myosin, since it is not released by repeated reprecipitation 
or under mild dissociation conditions. The binding of light 


chain to myosin heavy chain also seems to be specific for . 


the DTNB light chain, since the other types of light chains, 
that is, the rabbit ‘alkali light chains isolated from DTNB- 
treated myosin by treatment with guanidine hydrochloride’ 
and purified by chromatography on DEAE-cellulose" do not 
bind and do not confer calcium sensitivity to these desensi- 
tised preparations. To confirm this observation, rabbit myo- 
sin was treated with 5 M guanidine hydrochloride” which 
dissociates the ‘alkali’ and DTNB light chains, and both 


$ 


types of light chains were added to a des 
myofibril preparation, which selectively bir 
DTNB light chain and restores calcium sé 
liminary evidence indicates that this type i 
light chain may be a common feature of 
example, cardiac, gizzard smooth, lobster a 
muscle myosins all contain a light chain ci 
behaves, with respect to desensitised scallop mu: 
tions, like the rabbit DTNB light chain. (7. | 
Szentkiralyi and A. G. Szent-Györgyi, manus 
preparation). 






















Scallop EDTA light chain and rabbit my: 


Since the rabbit DTNB light chain combined wi 
tised scallop myosin, it was natural to enquire w 
scallop EDTA light chain crossreacts with DT 
rabbit myosin. To answer this question, EDTA lis 
were radioactively labelled by iodinating their tyre 
dues with I (ref. 24) under very mild oxidising 
These ‘*I-labelled light chains function norms 
desensitised scallop myosin and bind to DTNB-tre 
bit myosin (about 0.6 mol light chain bound pe 
myosin) but they have no effect on the actin-ar 
ATPase activity of rabbit myosin when mixed with 
the presence and absence of calcium, is, the 
remains calcium insensitive. Native rabbit mye ain Bi 
than 0.1 mol labelled EDTA light chain per mol i 
which suggests that the DTNB light chain and EDT 
chain binding sites on this myosin are probably 
or in the same region of the myosin heavy chains.. 
EDTA and DTNB light chains are interchangeable: 
respective myosins one might have supposed that thes 

















_ Table 2 Desensitised scallop myosin and rabbit DTNB light chain 





AMONA CANAAN SARA ERTS AAA NGM EI ASIC CMM RCE SOON AB A AEA EER SN Pe eH LE 


4C-DTNB 4¢°.-DTNB Actin-activated ATPase 
light chain added _ light chain bound {umol ATP mg min@) Ratio 
(mol per mol myosin*) (mol per mol myosin*) 0.1 mM EGTA 0.1 mM Ca?* EGTA/Ca** 

Control ow 0.201 0.215 0.93 

0.30 0.24 0.130 0.220 0.59 

0.60 0.52 0.076 0.216 0.35 

0.82 0.74 0.052 + 0.238 0.22 

1.52 0.94 0.057 0.234 ; 0.24 

2.98 1.08 0.048 e 0.186 0.26 

Native myosin aa 0.030 e 0.242 0.13 





* Assuming that the molecular weight of scallop myosin is 425 000 and the DTNB light chain is 19,000. 
Desensitised myosin was mixed ‘with varying amounts of the light chain in 0.6 M NaCl, 1 mM MgCl, 10 mM phosphate (pH 





7.0) 


and dialysed against 40 mM NaCl, 1 mM MgCl, 5 mM phosphate (pH 7.0). The precipitated myosin was washed extensively and then dissolved 
in 0.6 M NaCl ( pH 7.0). For the ATPase measurements, the myosin was mixed with rabbit actin (2:1 w/w). 


» 
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0.1 mM EGTA 
Native myofibrils 0.020 
Desensitised myofibrils 0.232 


~ Desensitised myofibrils + scallop EDTA light 
chain 0.032 
‘Pesensitised myofibrils + DTNB light chain 0.093 


Table 3 Correlation between the restoration of calcium sensitivity and the calcium binding of scallop 


Actin-activated ATPase _ 
(umol ATP mg -i min at 35° €) 







S Calcium binding 


| Ratio umol Ca per g muscle 
0.1 mM Ca?*t EGTA/Ca?* at 10-8 M Ca?+ 
0.281 0.07 2.05 
0.251 0.93 1.34 
0.278 0.12 1.94 
0.262 0.35 1.62 


En ETOP TCE ERASATEN TTO EROAAN TRA 


Excess EDTA light chains and DTNB light chains were mixed with desensitised myofibrils as described in Table 1. The myofibrillar 
-preparations were subjected to our calcium binding procedure’, then assayed for ATPase activity’ and the amount of bound DTNB light chain 
measured. 


<cehains nfay have considerable chemical similarity. How- 
ever, a comparison of their chemical structures as revealed 


by amino acid analyses and tryptic peptide maps*! indicates 
10 obvious sequence homology. The question of whether 
se different light chains have highly conserved regions, 
ich may be the heavy chain binding sites, will therefore 
< require more extensive knowledge of their amino acid 
< sequences, which is now under investigation. 









- Implications 

< Our knowledge about the role of the DTNB light chain in 
rabbit myosin is extremely limited. The evidence that rabbit 
< DTNB light chains bind to desensitised scallop myosin and 
restore calcium sensitivity, that is, they functionally replace 
the scallop EDTA light chain, is the first indication of a 


` -possible functional role of these light chains in rabbit myo- 
sin. It may be that these light chains are involved in cal- 
cium regulation in rabbit muscle or they may be remnants 
of a myosin-linked regulatory system that has lost its ability 
to respond to calcium, due to alterations in the heavy chains. 
To decide definitely whether vertebrate muscles have a 
myosin-linked calcium regulatory system similar to that 
found in molluscan muscles, one must establish directly that 
these myosins are able to respond to calcium. The available 
- biochemical evidence, however, indicates that purified verte- 
- brate myosins bind rather small amounts of calcium (at 
-. 107-8 M free calcium) in the presence of physiological levels 
` of free magnesium, and show a calcium insensitive ATPase 
activity when mixed with pure actin’. This does not how- 
> ever, exclude the possibility that the myosin binds calcium 
in vivo, since it can be argued that during extraction and 
purification, this ability has been irreversibly lost. Some 
support for such a speculation may be provided by recent 
X-ray diffraction studies” on stretched frog muscles, which 
indicate but do not prove, that the myosin cross bridges may 
be able to respond to changes in the level of free calcium in 
the muscle. The evidence for and against some type of cal- 
cium control by the myosin in vertebrate muscles has been 
extensively discussed in a recent review of Weber and 
Murray’, who conclude that the question of whether there 
is some type of control mechanism on the myosin in these 
muscles remains unresolved. 
<o The evidence presented here indicates that the DTNB 
~~ light chain and EDTA light chain seem to be inter- 
changeable. Even if their overall functions are similar, that 
is, switching the myosin ‘on’ in response to the release of 
calcium during activation, we cannot excludt the possibility 
that the exact mechanisms involved maybe réther different. 
For example, in molluscan muscles, calcium released upon 
activation acts directly on the myosin’, whereas in rabbit 
muscle, calcium may act indirectly on the myosin by acti- 
. vating a specific calcium requiring protein kinase”, known 
o 





















to be able to phosphorylate selectively the DTNB light 
chain, and thus under in vivo conditions this light chain 
may be phosphorylated which may result in the myosin 
being switched ‘on™. 

To answer the questions of whether vertebrate myosins 
contain a regulatory control mechanism and what is the 
nature of such a mechanism, and to establish the role played 
by the DTNB light chains, therefore, requires further work 
specifically with the intact muscle. 

I thank H. E. Huxley and A. G. Szent-Györgyi for helpful 
discussions, and Susan Watt and Neil Smith for technical 
assistance. f 
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‘Shructure of the visible Ie ovian clouds 

DurinG the 1972 apparition of Jupiter we studied hydrogen 
quadrupole line intensities at the centre of the planetary disk, 
by observing the S(1) lines of the H, (3-0) and (4-0) quadrupole 
bands which are respectively centred at 12268.8 and 
15704.01 cm“. These observations show that the abundance of 
hydrogen detected at these frequencies is extremely variable 
because of rapid changes in the structure of the visible clouds, 
which are confirmed by photographs of the planet. 

We observed with the Coudé spectrograph of the 61-cm 
(24-inch) telescope at the Table Mountain Observatory. 
Spectra were obtained at 1.6 A. mm” reciprocal dispersion in 
the (4-0) band and 2 A mm in the (3-0) band, and were 
recorded on photographic. plates using a single stage S-25 
image intensifier tube. The plates were traced with a digital 
microphotometer and the digital data were reduced to intensity 
tracings by a computer routine using conventional techniques 
of photometry. The photometric calibration was checked by 
measuring, on each tracing, the equivalent widths of several 
Fraunhofer lines selected to match approximately the intensities 
and frequencies of the Jovian H, lines. The measured intensities 
of the Fraunhofer lines were systematically low on the tracings 
and linear least-squares fits were used to correct the measured 
Hy lines. The error estimates of one standard deviation (o) 
computed from these correction processes are given with the 
: individual measurements. 

_ In Figs 1 and 2 we show the measured equivalent widths of 
k the. G-O)S(1) and (4-0)S(1) hydrogen quadrupole lines as a 
-function of the SYSTEM I longitude. The magnitude of the 
{4-0)S() equivalent widths (EW) varies from 4.2 + 0.7 to 
-14.9 + 2.4 mA. This is in contrast to the previously published 
-observations'* which had all centred at about 10 mA for the 
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- Fig. 1 The variation of the auii ii width gf the | 5 D 

~»- quadrupole line in the Jupiter spectrum with the SYST 

: longitude. Solid circles, observations made June 1430, 972; 
ate, 3 triangles, August 17-19, 1972. 
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EW and seemed to be independent of bot 
terrestrial conditions. The (3-O0)S(1) equ 
similar variation at 34.5 + 11.3 to 56.9 - 

The measurements have been interpret 
realistic model of the Jovian atmosphe 
processes of radiative transfer have been accu 
sidered’. Hydrogen quadrupole lines exhibit the: y 
of collision narrowing before the more usu 
broadening occurs, and so it is important that 
shape is used in an analysis”. We have used 
which accurately represents the quadr 
nominal model of the Jovian atmospher 
and an H/H. ratio of 6:1 (ref. 5), whi 
with present knowledge, are used as a basis 
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Fig.2 As Fig. | but for the (3-0)S(1} line. Solid 
June 6-28, 1972; triangles, August 16-18, f 


In the equatorial region of Jupiter a structure o para: 
cloud layers is consistent with all observatio 
cloud may be composed of ammonia crystals, bt 
tion of the lower layers is unknown'. The upper 
optically thin’ and we found that it has a neglig 
equivalent widths which we observed at the ce 
The lower clowd is optically thick and behaves 
surface. Consequently, the changes in the de 
pressure at the level of formation of weak lines, < 
(4-0)SC1) line, will indicate the variability of the top of 
dense, lower cloud. 
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Fig. 3 The variation of the effective pressure at the level of the 

formation, and the relative abundance of hydrogen, as a 

function of the SYSTEM I longitude derived from observations 
of the (4-0)S(1) quadrupole line (Fig. 1). 


From the (4-0)S(1) observations we have derived a possible 
variation of 1.22 + 0.18 to 4.03 + 0.93 atm in the effective 
pressure with a corresponding relative abundance of 39.4 + 5.9 
to 145 + 30km amagat (Fig. 3). (1 amagat is the unit of density 
or volume referring to a gas at 0° C and | atm pressure). The 
analysis of the (3-0)S(1) indicated similar variations of 1.045 + 
0.41 to 2.29 + 0.51 atmospheres for the effective pressure with 
the relative abundance varying between 33.85 + 3.15 and 
74.5 + 16.5 km amagat (Fig. 4). This is a stronger, saturated 
line which is less sensitive to changes of cloud structure, than the 
weak (4-0)S(1). These results indicate the futility of quoting a 
single value for either the effective pressure or the relative 
abundance derived from spectroscopic observations of a 
dynamically active planet such as Jupiter. 

There are two significant features in the observations illus- 
trated in Figs 1 and 2. First, for the SYSTEM I longitude in the 
range 160° < à < 280° the observations carried out during June 
1972 show a significant decrease in all of the measured line 
strengths. For the (4-0)S(1) line this requires the effective pres- 
sure at the level of line formation (and therefore at the position 
of the cloud top) to decrease from ~ 2 + 0.5 to ~ 1.25 4+ 0.2 
atm and the hydrogen abundance varies between 68 +. 15-39 
+13 km amagat. For the (3-0)S(1) line the pressure varies 
between ~ 1.6 +0.5-~ 140.4 atm and the abundance 
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Fig. 4 As Fig. 3 but for the observations of the (3-0)S(1) 
quadrupole lines (Fig. 2). 


varies between we SA EGS AS 33 4+ 13 km amagat. If these 


variations are interpreted in terms of changes in the position of 
the top of the dense, lower cloud, the effective pressure derived 
from the (4-0)S(1) observations requires this cloud to rise by ~ 
25 km from the 2 atm level, during the observational period. 

Photographs from the Lowell Observatory International 
Planetary Patrol, taken at times corresponding to our spectro- 
scopic observations, show significant changes with SYSTEM I 
longitude of the detailed appearance of the broad equatorial 
zone, Keay et al? have detected temperature variations greater 
than 40 K in the equatorial zone and have found a strong cor- 
relation between temperature and the colours of cloud features 
in the zones. This increases our confidence in both the detection 
of fluctuations in the apparent molecular hydrogen abundance 
and in the interpretations of variations, through a large range of 
temperature and pressure, in the position of the top of the lower 
cloud. 

With this information we can estimate an upper limit to the 
vertical velocity of the atmosphere in the neighbourhood of the 
cloud tops during the observation period. We are assuming that 
our observations refer to some portion of the planet as it rotates. 
Hide® suggests an upper limit on the vertical velocity W (m s~) 
of a fluid element may be derived from the equation 

W < U*d/fL? (1) 


where f is the vertical component of rotation ( W 10-45 ~). 
As our observations refer to the equational zone we used values 
of L ~ 6 x 108m for its width and U ~ 100 ms~ for a typical 
horizontal velocity®. Inserting a value of d ~ 25 km for the 
height through which the cloud top has moved, equation (1) 
gives a reasonable estimate of the upward velocity necessary 
to account for this change in cloud structure: 

~ < 75cms™ (2) 


Hide! has suggested a value of ~ < 10 cm s~ by observing the 
changes in colour brought about by the supposed vertical 
mixing in the atmosphere. 

The second significant feature of the observations occurred 
during August 1972 when an increase in line strength was 
measured for all lines over the SYSTEM I longitude range of 
180-320°. For the (4-0)S(1) line this means that the effective 
pressure must increase (the level of the lower cloud must 
decrease) from 1.38 + 0.77 to 4.43 +0.93 atm and the 
abundance must increase from 61.25 + 11.75 to 145 + 30 km 
amagat. The corresponding changes for the less sensitive 
(3-0)S(1) line are from approximately 1.18 -+ 0.52 to 2.26 4- 
0.89 atm and 38.25 -+ 16.75 to 73.75 + 29.25 km amagat. 
Assuming that we are referring to a single portion of the disk 
this variation requires the lower cloud to decrease in height by 
25 km from ~ 1.38-4.43 atm level during the observational 
period of two Earth days. From equation (1), the downward | 
velocity, W, will be < 7.5 cm s7?. 

‘This patrol of Ha quadrupole lines has shown that the 
abundance of hydrogen and the level of formation of these 
quadrupole lines is extremely variable. The observations of 
Keay et al.’ support our conclusions. 
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Model for ri 







i a found which show a periodic 


Six X -ray ‘S01 sen f 
lux which may indicate orbital motion 


variability in t 
of a binary sy: 

Two of these sources, Her X-I and Cen X-3, have pulsed 
emission with periods 1 spe vely of 1.24s and 4.8 s. From the 
variation of the pulsed emission period due to the Doppler 
effect during the orbital motion it is possible to deduce some 
parameters of the orbit and some physical properties of the 
system. 

A possible modei for these X- -ray sources is the following: 
a binary system is made up of a neutron star (perhaps a black 
hole in the case of Cyg X-1), which is the X-ray source and a 
star which filis its Roche lobe. The X-ray luminosity is provided 
by the mass transfer from the star through the internal 
Lagrangian point and that is accreted by the neutron star. 

In the case of Her X-1 and Cen X-3, if the neutron star is 
rotating and has a strong magnetic field, then the matter is 
accreted chiefly by the magnetic poles producing hot spots that 
emit X rays and consequently a pulsed emission. This has been 
studied in some detail by Davidson and Ostriker* and Gnedin 
and Sunyaev’*. 

The evolutionary picture of such a system, with special 
emphasis on Cen X-3, has been given by Van den Heuvel*, who 
has studied the evolution of a close binary system in which a 
large mass transfer occurs. | 

The matter transferred from the primary star to the neutron 
star (X-ray source) is likely to have angular momentum. There- 
fore a rotating disk will be formed, which gradually spirals 
inwards as turbulent viscosity transports its angular momentum 
outward. The spectrum of the radiation emitted by the disk was 
calculated by Pringle and Rees* and Shakura’®. 

The model explains reasonably well the properties of 
Her X-1, Cen X-3, Cyg X-1 and 2U0900-40 (ref. 7) but it fails 
in the case of 2U1700-37 (see ref. 1). 

Here I Suggest that in the case of the source 2U 1700-37, the 
prima ! Star, an nori type star (HD153919, refs 1, 7 and 8) is not 
filling its Roche lobe and that the matter which is accreted by 
the neutron star is due toa strong stellar wind from the primary 
star. 

If the primary star fills the Roche lobe, we have a relation 
between y, which is the half angle in the orbital plane sub- 
tended by the critical lobe as seen from the X-ray source and 
the ratio M./M „ where M. is the mass of the primary star and 
M, that of the X-ray source. 

I first assume that the orbital inclination angle i is 90°. Then, 
y/180° is the fraction of the period during which the X-ray 
source is eclipsed. From the data given by Jones er al, y~ 58°. 
I note that 2U1700-37 is the source which shows the greatest 
occultation time, almost one-third of the period. 

If y~ 58° the mass ratio is M,/M,~ 240. 

On the other hand, recent measurements of radial velocity 
of HD153919 by Van den Heuvel’ show a nearly sinusoidal 
variation with an amplitude of 23 km s. Since the period is 
3.41 d (ref. 1), the mass function is: 

M,sin*i ee 
GMM? a (43 x 10 Me (1) 

With the mass ratio calculated: above and i = 90°, and using 
equation (1): M,~250M@ and M,~6~ 10'Me, which are 
very implausible values. The results are even worse when 
i< 90°. I conclude that the primary star does not fill the Roche 
lobe. ° 
_. L now assume that the primary star has a strong stellar wind. 
T star is an O7f type and thus has enough ultraviolet 














equation (1) M,~ 12.6 Me. 




























radiation to ionic the wind well beyond the neutro 
and therefore the accreted material consists mainly 
and electrons. 

I suggest that the occultation of the X-ray source is 
due to the eclipse but also due to the Thompson se 
the X rays in the extended envelope of the primary $ 
seems to be supported by the gradual transition f 
visibility to the occulted phase and by the variabili 
scales of minutes! which can reflect irregularities 
that is partially driven by the X-ray source (J. 
published). 

A similar analysis was made by Pringle" in the case : 
In this case, since the primary star is likely to be a` 
ionisation of the envelope is negligible. There is only ¢ 
‘Stromgren surface’ produced by the soft X rays emitted > 
neutron star. | 

To make some crude calculations of the stellar w 
meters, I assume a constant wind velocity V, In 
matter conservation requires a wind density a), w 
the inverse square of the distance r from the star, name 


ní r} zm 3 


where K is a constant to be calculated. | further assume the 
i = 90°. 
Then, the optical depth in a given direction @ is 
x3 


t(0) = J nix Do, dx 


where 9 is the angle between the vectors from the X-ray 
to the observer and from the X-ray source to the ce 
primary star. G, is the Thompson cross section (6.65 x 1° 
and x is related to r by the equation 
pe = aq? 4. xy? ax COS 9 
where a is the distance between the X-ray source and 
primary star. 
From equations (2), ( A and 4) 


Since the RE of the x. ray source stari 
assume that 1(58°)> 1. I assume further that at phase 0 
Then, from equation (5) 

Ko. 





Now if M,~0.8Ms for the neutron star m 


Then, from Kepler’s third law 
G(M,+ M,)/a® = 4y? pe 
and with the values obtained above: 
a~ 1.6 107 om. 
Therefore, from equations (6) and (8) 
2.4 x 10% > K > 96x 10" om? 
Since the limits above do not differ by more than a. 
three I assume ‘ 
K ~ 2x10% cm" 
to obtain order of magnitude estimates, 
From equation (2) the density of the wind at the nes 
orbit, ala) can be derived. Using the figures given by € 
(8) and (10) 
nla) ~ 8x 10"! em 
To obtain an X-ray luminosity L, of about 5x 10% 
requires an accretion rate of about 7 x 10° Me yr". TH 
is obtained from - relation 
L, x (GM,/R,) (dM ,/dt) 
where I have assumed R, = 10° cm. 
Since the neutron star moves supersonically with res 
wind, the accretton rate is given by 
UM jdt = (4n(GM O I V3) nla) Pta 
where V, is the relative velocity between the neutr 
the wind and ma is the proton mass. From equati ye! 
the values calculated before on 
. V ~ 1,640 km s” 





Since 
V2 = Vj+V3 (15) 
where V2 ~ GM,/a is the neutron star orbital velocity, the wind 
velocity V is 
V ~ 1,610 km s”? (16) 
On the other hand, the rate of loss of mass dM,/dr from the 
primary star due to the wind is 


dM.Jdt = 4nKVma (17) 
and, with the parameters derived above, 
dM,/dt ~ 10°Me yr? (18) 


The calculated wind velocity and mass loss rate are in good 
agreement with observational measurements carried out by 
Morton! and Carruthers!? from the spectra of hot stars, which 
give a certain credibility to the model. 

The data seem to indicate the presence of a secondary 
minimum, at phase 0.5. This can be explained, in principle, in 
the framework of my model, since the matter is accreted mainly 
after passing the tail shock!*, increasing locally the optical 
depth and reducing the X-ray intensity observations are made 
through the accretion cone near phase 0.5. 

If the total angular momentum carried out by the wind iS 
zero, then there should be an increase in the orbital period of 
the order of 5 s yr because of the mass loss calculated above, 
a result which is very important from the observational point 
of view. (Aldo Treves called my attention to this point.) 

Optical observations (UBV photometry) of this system have 
been made since March 1973 in São Jose dos Campos (Sao 
Paulo). The results, with a more detailed analysis of this system, 
will be presented soon. 
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Astronomical demonstration 


of an infrared upconverter 
AN upconverter based on a laboratory system! developed at the 
Optical Sciences Center (OSC), University of Arizona, has been 


used to convert infrared photons from astronomical sources to- 


higher frequency quanta that were detected with a pulse- 
counting photomultiplier photometer. These observations, 
made at the Coudé focus of the Steward Observatory 90-inch 
(229-cm) reflector on Kitt Peak, represent the first successful 
astronomical demonstration of infrared upcofiversion, although 
infrared laser heterodyne radionfetry has recently been used to 
detect the Sun? and a Boo’. e 

Upconversion is accomplished in an optically nonlinear 
medium, which in our upconverter is a lithium iodate crystal 
5 cm long. Essentially 100% quantum conversion efficiency 
(QE) was achieved using a 0.6943-um high peak power ruby 
laser pump developed at the OSC. » This lasgr seems to? be 
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unique among published systems for its efficient generation of 
TEM,,-mode radiation. Details of its design can be found in 
ref. 4, A 1.064-p~m Nd:YAG pumped version of the upcon- 
verter yielded a QE of 0.1% (ref. 5). The Nd-YAG pumped 
upconverter was selected for the astronomical test because it has 
an infrared spectral bandwidth greater by a factor of 700 and 
because the effective duty cycle of the Nd-YAG laser is 65 times 
greater than that of the ruby laser. Therefore, in spite of its 
lower QE, the Nd-YAG-pumped upconverter is more efficient 
by a factor of 45 for the detection of thermal astronomical 
sources. 

The astronomical infrared signal at frequency v, is phase 
matched with the pump radiation at frequency v, by adjusting 
the angle of the crystal. The upconverted signal, v, = Vp T Va 
is detected by a pulse counting photometer using a cooled 
gallium arsenide photomultiplier (RCA C31034). The astro- 
nomical source is acquired at the Coudé focus of the 90-inch 
reflector and directed into the upconverter entrance aperture. 
The infrared radiation is focused at the appropriate position 
within the nonlinear crystal. Guiding is accomplished by view- 
ing the image of the source reflected by a dichroic beam splitter 
to a reticle eyepiece. 

Because of the extreme sensitivity of phase matching to 
angular perturbations, the alignment of the telescope optical 
axis with the laser pump beam in the nonlinear crystal is 
extremely critical. We have found it necessary to devote con- 
siderable time to this task, and to install auxiliary HeNe 
alignment lasers to monitor the orientation of optical elements 
in the system. 

The instrument simultaneously upconverts radiation between 
3.2 um and 5.0 pm. This spectral bandwidth of 1.8 um is the 
largest ever reported for an upconverter operating in this 
spectral region’. The central wavelength of the operating band- 
width was selected by rotating the lithium iodate crystal about a 
perpendicular to its optical axis. 

During the observations, the laser was pulsed at rates ranging 
from 0.5 to 4 s~ with a stable pulse width of 2.0 ms and a 
typical pulse energy of 0.3 J. The Nd -YAG laser is capable of 
operating at 30 s~'. But we usually operated at 0.5 s~ to 
permit real-time statistical analysis of the data using an HP-45 
portable calculator. Raw data also were printed on paper tape. 

The observations were made on the nights of September 8 to 
September 14, 1973. We attempted to detect the Moon, Mars, 
a Aur,a Tau, a Ori, Yenus,a CMa, p Per, NGC1068, a Her, and 
B Peg. Integrations taken on each object were followed by 
integrations on the adjacent blank sky. This less-than- 
optimum detection procedure was used because the telescope 
was not equipped with a wobbling secondary mirror. The 
statistical detections are relative to the adjacent sky. An ice 
dark slide and a glowbar resistor source were also observed. 
The glowbar data were used to monitor system stability. The 
ice dark slide data indicated that in practice the thermal back- 
ground of the detector was definitely less than that due to the 
telescope and sky. 

Multiple statistically significant detections of the Moon,a Tau, 
a Ori, Venus anda Her were accomplished. Typical data from 
individual observations with integration times of 0.1 and 0.2 s 
on September 10, 1973 are summarised in Table 1. These 
integration times were adequate to yield 20 (standard deviation) 
detections of the first four listed sources. Combining data from 
multiple observations of this type, higher confidence results 
are obtained. 
OSS 

Table 1 Typical observational data 











Object Signal-to-noise Integration time* 
ratio (s) 

Moon 2.4 0.10 

a Ori, 22 0.20 

a Tau 1.6 0.20 

Venus® 2.8 0.10 

a CMa 0.4 0.20 


A enn neem 
*Laser pulse of duration 2.0 ms at 0.5 pulse s^. 
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< Tests showed that a system quantum efficiency (SQE) of 
approximately 0.001% was attained. This value includes 
quantum efficiency losses in f ilters and in the photomultiplier 
tube, To increase SQE, improvement in the quality of lithium 
iodate crystals is required, because the currently available 
material suffers from bsorption which is 0.5 um wide and 
centred at 4.3 yum sorption results in excess thermal 
noise from the r when operated at room tempera- 
_ ture, sed ; > interference filters to remove stray 
< flashlamp tight fi rom vte Jer pump beam. The present state 
of the art should allow better filters, with high transmissivity at 
a 064 pm and very low transmissivity at wavelengths below 
0.95 um, to be made. With improvements in the crystal and 
filter quality, a theoretical SQE of approximately 1.0°% could 
be attained by an upconverter of this type. 

We plan to test the upconverter as a device for infrared 
spectroscopy. This is possible because the upconversion 
process preserves the frequency coding of the input infrared 
signal. It will be possible to detect the entire upconverted 
$ um: simultaneously with a photoemissive image tube 






















b cause the infrared spectrum is shifted to the 0.83-um region. 
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Is the zodiacal light intensity steady? 
CONTINUED refinement of data on zodiacal light from 
OSO-5 (ref. 1) confirms our conclusion*® that the absolute 
value of both the surface brightness and polarisation of 
the zodiacal cloud varied by less than 10% over the 4-yr 
period from January 1969 to January 1973. These results 
are in stark contrast with the recently published satellite 
measurements of Levasseur and Blamont‘. 
The blue photometer, one of six, which recorded the 
bulk of the zodiacal light measurements comprised a 
į broadband system with an effective wavelength of 4,180 A, 
an 11° circular field of view and a fixed polaroid. The 
photometer viewed along the anti-sail spin axis of the 
katellite which rotated once every 2 s. Thè spin agis was 
"held in a plane whose normal was directed at the Sun. 
Its movement within this plane varied from 0.1° to 1.0° d~}. 
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Fig. 1 Zodiacal light data of Levasseur and Blam 
4 of ref. 4).Mean value of the intensity for cight d 
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pole. 


Measurements were then made at a= 90° and: 

: Read; 
taken at the. rate of hres. a eee tot. 15 my 
96-min orbit with a night-time look height of 4 
higher. There were 15 orbits a day for most of fe 
Usually, 1,880 readings or 5 min of data were. | 
to determine the brightness and polarisation for U 
So detection of changes down to a time scale of | 
possible through the four year period with the f 
exceptions. 

The previously published results?” did not inc 
ings when: (1) the Moon was within 40° of 
of view (one week out of four); (2) a first n 
object was on the edge of the field of view {sel 
the galactic latitude was less than 30° (four out 
Moon periods). Given these exclusions an abso 
tion of 10% over four years was made. The relat 
tion precision over any New Moon period was foun 
5% or less, 

The effect on the Moon on telescope 3 was most 
during either first or third quarter depending 
orientation of the spin axis. At these times th 
could be within 50° of the spin axis. The airglow te 
in the opposite sail direction were severely hampei 
time the Moon was above the satellite horizon 
because protruding parts of the spacecraft at time: 
reflected moonlight to fall within 50° of the s 
(Nightglow measurements were not made with t 
up.) 

The six-parameter least-squares fit made in redi 
5-min data interval proved of great value ino 
contamination light scattering into the optics f 
Moon, moonlight reflected from the Earth, an 
stars and planets near the field. In such cases a 
able variation of intensity at the spin rate as W 
the polaroid frequency, which was twice the s i 
seen. Without Such a check it would have 
cult to avoid’ periodic variations with a lunar) 
the data. o 

So the effects of the Moon may be app 
time it is above satellite horizon. The time of 
eflect depends on the particular geometry involved. ¥ 








placed a periodic variation typical of reflections, with 
- lunar frequency, over the data of Levasseur and Blamont 


(Fig. 1). No attempt at an exact fit to the data has been 
made, and much of the Full Moon data had already been re- 
moved. Nevertheless the chief peaks in the data of Levasseur 
and Blamont fall between first quarter and Full Moon, 


-. except for the initial peak which comes within a few days 
= cof launch. Further the New Moon data are quite free of 
the fluctuations otherwise seen, and a straight line drawn 
< through their New Moon data has a consistent slope in 


all four sets of data indicating photometer degradation of 
some 20sio[vis] per year in excess of the calibrations that 
were used to reduce the data. 

Data with galactic latitude less than +30° have also 
now been studied. For data closer to the galactic plane, 
the absolute calibration errors increased from 10% to 30% 
due to increased problems of star background and diffuse 
galactic light subtraction. The relative calibration pre- 
cision over any New Moon period increased from 5% to 
(10%. Within these limits again no variations were found 
in either the brightness or polarisation of the zodiacal 
light. 

A relative variation of 10% or less was observed during 
the periods April 15 to 29, 1971, and November 2 to 16, 
1971. These results are in direct conflict with the satellite 
measurements of Levasseur and Blamont* who have re- 
cently reported enhancements of 50% on April 21, 1971, 
with a half enhancement lasting 4 d, and a 100% enhance- 
ment on November 7, 1971, with a half enhancement of 
6 d. The enhancements were attributed to debris of comets 
1961!~I and Biela, 

Figure 2 shows our results for surface brightness and 
polarisation during these times. The absolute intensities 
during the April period are higher than the November 
period because the ecliptic latitude is lower. The scatter 
in the data is caused by the difficulties in subtracting out 
the star background near the galactic plane. It is typical 
of our relative calibration precision of 10% at low galactic 
latitudes. From April 15 to 29, 1971, our measurements 
were taken at e= E90°, B=10° +2°. For comparison, the 
results of Levasseur and Blamont report an increase of 
50% at *=E90°, B=0°, a 50% increase at s=W90°, 
B=N90°, and a 50% increase at s= W90°, B=N45°. From 
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Fig. 2 The brightness (a) and polarised intensity (b) of the 
zodiacal light as measured by OSO-V; @, April 15 to 29, 
1971; e=90°; B=S10° +2. ©, November 2 to 16, 1971; 
e=90°; B=N30° +2. Absolute calibration precision = 30%, 
relative calibration precision = 10%. ° 

® 





November 2 to 16, 1971, our measurements were taken at- 


e=:90°, B=N30° +2°. During this period Levasseur and 
Blamont report an increase of 100% at e=E90"", 
B=NO0° ~—30°, and no increase in the e=W90°, directions. 
In addition, none of the other sizable variations prevalent 
in the data of Levasseur and Blamont from April 197] 
until March 1972 have been found in our data covering 
this period. 

On two occasions, the Lagrangian points L4 and LS of 
the Earth~Moon system passed within 2° of the centre of 
the field of view of our blue zodiacal light telescope. These 
events took place on January 29, February 7, 1971, and 
June 25, July 6, 1971. No change in either the intensity 
or polarisation to the limiting accuracy of the experiment 
(10%) were observed. This sets a full field upper limit of 
10s0 (blue) for any change in surface brightness and 
2s (blue) for any change in polarisation due to scattering 
from dust accrued at these points. 

We believe the zodiacal cloud to be a smooth, regular 
feature of the Solar System as one might expect from 
a steady influx of particles from the continual breakup 
taking place in the asteroid belt. There is no evidence for 
a cloud, with intensity fluctuations of a factor of two, 
composed of an interwoven maze of comet trails. No 
variations in intensity or polarisation greater than the limit 
of accuracy of the experiment—usually 10% arising from 
comets, solar activity, lunar phase or other events in the 
Solar System-——were observed. 
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f Gravity and gravitational singularities 

TRAUTMAN has postulated?! that the usual space-time singularity 
occurring in classical cosmological models and in the gravita- 
tional collapse of massive objects could be averted if intrinsic 


spin effects are incorporated into general relativity by adding ` 


torsion terms to the usual Einstein field equations, that is 
through the Einstein-Cartan theory. Invoking a primordial 
magnetic field for aligning all the individual nuclear spins 
he shows that his universe consisting of 10% aligned neutrons 
collapses to a minimum radius of the order of 1 cm with a 
corresponding matter density of 10° g cm. 

Salam ef al.? have investigated the effect of taking f gravity 
into account in Trautman’s model. They consequently obtain 
profound changes in the numerical values of the parameters, 
the minimum radius of the Trautman universe now being of 
the order of 10'* cm rather than | cm, implying that spin- 
aligned hadronic matter will not collapse to densities higher 
than 10%? g cm — only two or three orders of magnitude 
higher than that of nuclear matter. But the perfect spin align- 
ment necessary for these results still remains difficult to realise. 
We now suggest a possible way to avoid this difficulty and stilj 
retain all the results. 

TWo of us have shown? that perhaps the easiest and mo; 
natural way t@ include the short range of f gravity (medi 
by massive spin 2+ f mesons) into Einstein’s field e 
was to reinterpret the so-called ‘cosmological’ const 
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terms of the inverse Compton length of the f meson 


Az en) | a) 
E | 
my being the mass of the f meson. 
In the massless (infinitive range) gravity field of ag a ae 
general relativity mediated by massless gravitons, A=0. 
Now the usual Friedmann equation with A, for a zero 
pressure Einstein—de Sitter universe is 


- 8 ee: 
R? “(3 nop R® MS Ger (2) 
3 A3 


with M= rR”p, being the total mass of the 10° baryons 


in the Universe. Using R=Oat t=0, gives 


R(0) = oe | ue (3) 
Ne | 

A is defined as in equation (1), where mp~ 1,500 MeV. Sub- 
stitution in equation (3) oe R(O}~ 1 cm and the corres- 

ae 
4G 
values are the same as in Pe Se model. It turns out 
that the A term in equation (2) is of the same order of magni- 
tude as the torsion term in Trautman’s model. In both cases 
these additional terms (torsion term in Trautman’s, A term 
in ours) in the Friedmann equation are the ones which avert 
the singularity. For A=0 (the massless gravity field of 
infinite range), we recover the old singularity. If we invoke 
f gravity (and especially as matter in a superdense collapsed 
state is predominantly composed of hadrons it is reasonable 
to consider the gravitational interaction between them at 








~10° g cm". These 


short range to be due to exchange of massive f mesons), we’ 


must necessarily use the corresponding constant Gy. Therefore, 
replacing the Newtonian constant G by Gy, the value of which 
has been estimated? to be of the order of 10°G, we obtain 
R(O) = 10'° cm and the corresponding matter density as ~ 10" 
g cm. These results are the same as obtained by Salam er 
al. Wenote in particular that in our formulation the difficult 
hurdle of finding a suitable mechanism for the alignment of 
all hadron spins is not encountered. We can understand this 
result by noting that the Hawking~Penrose* singularity 
theorems for the Einstein field equations Gyy+ Agyy=«Typy. 
do not necessarily hold if the cosmological constant A is 
positive, which is implied by our definition in equation (1). 
Indeed it is remarked in ref. 2 that for all spins aligned in 
the same direction, the effective spin-spin interaction term in 
the Lagrangian for the Einstein-Cartan theory which forms 
the essence of Trautman’s torsion term, can be regarded as 
being of the form L=:~(~g)* Aeff (x), where Ags(x) is a 
positive effective cosmological contribution to the Lagrangian. 
Moreover, as we pointed out earlier, the A term we have 
used in the Friedmann equation is of the same magnitude 
as Trautman’s torsion term. 

It is interesting to note that by using oF instead of G, the 
absurdly large density c°/G*#~= 10" g cm? at which quantum 
effects of the gravitational field are expected to become 
important is scaled down to ~ 10" g cm. The correspond- 
ing Planck length (AGk 10 cm, at which quantum 
fluctuations in the space-time curvature are supposed to 
become significant”, is then scaled up to x10 cm. This 
probably indicates that the quantum effects in f gravity be- 
come important during much earlier stages in the collapse, 
when the density is ~ 100 g em". 
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Trends in the vertical 
distribution of ozone over Australia 


KOMHYR et al? reported predominantly positive 
total ozone content over several stations in the 
also refs 2-4). Here | report the first detailed es 
trends in the vertical distribution of ozone ani 
some possible causes. 
Soundings of the vertical distribution of ozone have $ 
made on a regular weekly basis at Aspendale, A 
(38.0°S, 14S.1°E) since June 1965 (ref. 5). S& 
soundings reached above the 18.1 


t 





mbar (27 & 


amount in a vertical column measured with 
spectrophotometer, by the method? in which the : 
concentration above balloon burst is extrapolated al 
line of constant mixing ratio for burst heights abe 
18.1 mbar level. Extrapolated data are used to cal : 
the correction factors, but are excluded from the mean 
data used in trend analysis. 

Estimated trends are based on a least squares 
regression against time of 48 successive devi 
2-month mean ozone partial pressures (from 
means for the corresponding months) for cach « 
standard levels from 1,000 mbar to 10 mbar. The results 
are shown in Fig. 1. 

Outstanding features are the statistically signifi ant des 
creases in ozone content--of the free troposph ; 
probability P<1% between the 700 and 450 mbari 
and around the level of the primary ozone 
(P<<0.1% at 35 mbar)—and significant increase 
content above the 17 mbar level (P<0.1°% at 12 

Over the same period of 8 yr the total ozone ce 
as measured by the Dobson SPE OPa at A 
dale shows an estimated trend of (—3.141.1) . per deca 

Table | shows these estimated trends in the total o 
content, in the integrated ozone amounts in 10 km t 
layers up to 30 km, and in the integrated amou 
30 km (the difference in the trends in the total 
and in the amount below 30 km), all in units of ti 
of ozone (reduced to STP) per decade. 






















Table 1 Ozone trend estimates in various layers of he no 
phere in units of reduced thickness of ozone per decade (data 
June 1965 to May 1973 inclusive) 
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Layer Trend 
(km) (107° atm cm per decade) 
0- æ -— Q9 
Q0~- 10 « m 2.7 
10 — 20 i -6,7 
20 — 30° — Ji.2 
Above 3@ + 10.7 





The mean total ozone content during the B-yr period 
is 0.318 atm cm, and the integrated amount above 30 km 


ig 0.058 atm cm. Thug the mean increase above the 30 kim 
+ 
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ti. a “Estimated trend (% per decade) of ozone partial 
“pressures at 36 standard levels over Aspendale (38°S, 145°E) 
for 1965-73, Standard errors of the estimates are indicated, 


level is 18.5% per decade, in good agreement with the 
direct trend estimate of (+ 15.3+5.6)% per decade at the 
10 mbar (31.1 km) level (Fig. 1). 

- Trends in the vertical distribution of ozone of such 
Magnitude and statistical significance are of interest in 
ation to questions of climatic change, global monitoring 
| pollution, and ozone photochemistry and interacting 
‘ulation processes. 

“Mean. annual cycles of ozone partial pressure (nbar) at 
i\e 10 mbar and 40 mbar levels are shown in Fig. 2 for 
spendale, with comparable data for Thalwil, Switzerland“ 
(47°N) and Boulder/Albuquerque®’ (373°N). As well as 
the interhemispheric comparison (which will be discussed 
sewhere), these curves confirm that the ozone concentra- 
on at the 10 mbar level is dominated by photochemistry 
maxima in summer) whereas that at 40 mbar is dominated 
y transport processes (maxima in the late winter and 





-One might reasonably suggest that the trends at and 
bove the 10 mbar level are due to some process affecting 
1e ozone photochemistry, such as some solar influence 
r a circulation-induced change in the photochemical 
cess such as a change in the upward flux of NO,. The 
nds: below the 17 mbar level are most plausibly related 
i a change in circulation which either reduces the down- 
ward flux of ozone from the region of photochemical pro- 
duction or else increases the concentration or flux of some 
= ghemical species which destroys ozone in the lower layers. 
Perhaps the simplest hypothesis is to postulate increased 
static or dynamic stability at about the 17 mbar level. 

=: Trend analyses of the deviations of 96 consecutive monthly 
<- Mean temperatures from the 8-yr means for the correspond- 
jpg months at Laverton, Victoria (the nearest aerological 
<< station; some 35 km north-west from Aspendale) show no 
tistically significant trends at the 10, 15, 50, 100 or 
00. mbar levels. Similarly there are no significant trends in 
he temperature gradients between the 10 aad 15, 15 and 50, 

and 100 or 100 and 200 mbar levels which might have 
ndicated a change in static stability. Estimation of pos- 
e. trends in the dynamic stability is beyond the scope 
the present work, but I note that the available wind 
‘became increasingly inadequate above the 50 mbar 
F Any such trend has not resulted in a significant 
hange in the mean temperature or temperature gradient 

2 è 












don” 


alyses of two p yf the general aroia 
be mean latitude of He ‘high pressure belt" and 
the abbreviated southern oscillation index’, indicate such 
small trends that they are clearly not related to the observed 
trends in ozone. 

Long term trends in the ozone content above the 30 km 
level have been tentatively reported’ and related to the 
solar cycle. Paetzold er al." reported a significant positive 
correlation between ozone content in the region 20-30 km 
and sunspot number. They suggest a direct causal link with 
variations in solar radiation at about 210 am with no sig- 
nificant phase lag. But the Aspendale data, which span 
the sunspot maximum of 1968-69, show no evidence of a 
change in the sign of the trend. 

The observed decrease in ozone content below the 
17 mbar level could be due to in situ destruction by 
contaminants such as volcanic dust or NO produced by 
nuclear bomb tests”. There is, however, little to support 
this from the ozone record following the Mt Agung 
eruption in 1963 (refs 3 and 13) or the resumption of 
atmospheric bomb testing in 1962-63 (ref. 3), unless the 
time scale for such effects is so long that no statistically 
significant departures from normal were to be expected 
in 1963 or 1964 (ref. 14). 


Pressure (nbar ) 











Summer Autumn * Winter Sprung 


Fig. 2 Mean annual cycle of ozone partial pressures (nbar) 

at the 10 mbar level (upper diagram) and at the 40 mbar 

level (lower diagram) for: A, Aspendale (38°S); ©, Boulder / 

Albuquerque (374°N); @, Thalwil (47°N). Standard errors 
are shown for the Aspendale results. 


I conclude that the cause of the observed ozone trends 
is at present an open question. These trends are large 
enough to warrant careful attention in relation to questions 
of climatic change, global monitoring and ozone photo- 
chemistry. More data are needed from more stations 
and over longer time intervals, and the various possible 
explanations must be exhaustively tested by all available 


means. 


A. B, PITTOCK 
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Radiocarbon and tritium evidence for direct 
rain recharge to ground waters in the 
northern Kalahari _ 


THe Kalahari, a flat and sand-covered region of more than 
600,000 km? (Fig. 1), has long been classified as a desert 
because of the virtual absence of surface waters in the form of 
springs or perennial rivers.: The only exception is the inland 
drainage system in the north, the Okavango delta and Makga- 
digadi salt pan, which are fed successively by rainwater which 
drains from the remote highlands of Angola through the 
Okavango river. 

Many investigators!"® have subscribed to the view that a sand 
over-burden exceeding an estimated 6 m would effectively 
prevent infiltrating rainwater from reaching phreatic water 
tables. All rainwater retained in the sand would thus be lost 
by capillary rise and evapotranspiration, chiefly during the 
dry season. In the area under study, with varying sand cover 
thickness, the possibility of direct rain recharge was consequently 
ignored in economic surveys and the ground waters considered 
to be fossil relics from earlier, much wetter periods. 





Table 1 “C and tritium in phreatic ground water of the northern 
sand-covered Kalahari 





No. Well BO {(% m.c) Tritium (TU) 
2 Makgaba 2 120.2 + 2.6 4.3 -0.3 
14 Rakops | 106.1 44.5 24.4 -4.7 
60 Toteng 1242 98,741.8 16.9-+-1,7 
55 Z 1183 | 97,742. 1 15.8+1.3 
63 Gweta 97.6 4-1.5 1.2+0.3 
62 Bushman Pits 97.4 4.2.2 8.0+1.0 
i Makgaba 1 . 93,7 4- 1.7 5.0 4-0.5 
64 Zoroya 1606 ; 91.9 ae 2,2 10.3 -fd 
8 Steinberg’s BH 86.2 -1- 1.6 2.8 4-04 
{7 Tshepe . 78.4 -+- 1.3 H 6 + 1.6 
li Makoba . 78.0- 1.4 sii 
13 Mahata : 69.1 -1.3 0.7 -0.3 
58 Tsau 68.3- 1.3 0.9 + 0.2 
56 Kuke | 66.8-1.7 0.8 4.0.6 
59 Toteng 1320 59.54-10 — : 
57 Sehitwa tribal bore hole 54.34-1.2 1.2-0.3 
Saarna 
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Fig. 1. Sample locations referred to in Tablet., 


Recent investigations we have carried out in collaboration 
with the Geological Survey of Botswana have show? 
recharge does occur in areas covered with sand, A co 
factor is the annual amount of precipitation, which i 
450 mm in the north, gradually decreasing to 2450 
south. In addition, the seasonal variability of ars 
with the occasional high rainfall outliers (such a 
of 1966-67 and 1973-74) is of extreme importance for 

We sampled eren oe ioe in ne: north: i 





Tritium (TU) 
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e "$C modern carbon) 






Fig. 2. Radiocarbon-tritium correlation, Samples with values 
greater than 85%, modern carbon radiocarbon and greater thar 
2 TU of tritium contain a post-nuclear bomb componen 
Dashed lines, theoretical trends for pre-bomb and post -bomb 


s : waters, 
+ 











Pp 3 yr) data are m — (Table 1 1 ana} Fii ig. DE 


Since 1952 nuclear bomb tests have increased the tadiceatbon i 


~ content of atmospheric carbon dioxide above the pre-bomb 
level of 100°, modern carbon (m.c.). ees in the Southern 
Hemisphere reached a peak of 165°% m.c. in 1963 and decreased 
to 145% m.c. in 1972 (ref. 7). Dorai carbon dioxide is 
‘ee dissolved in infiltrating ground water and then reacts with 
--lime free of MC to produce dissolved bicarbonate. Carbon 
dioxide at 100°, m.c. will produce bicarbonate containing 
~ 60 to 90° m.c. through this dilution, with an average of about 
85° m.c. (ref. 8). All values above 85° m.c. in Table | can 
therefore be regarded as containing post-bomb recharge, 
most clearly indicated in the first two cases at 106 and 120°, 
m.e, 

The average annual value of tritium in continental rains 
-before the inception of bomb tests in 1952 is estimated at 
. around STU (tritium units). Southern African values reached 

- 60 TU in 1963 and have decreased to about 25 TU at present 
(ref. 9 and unpublished data). Undiluted recharge at 5 TU in 
~ 1952 has decayed to less than 2 TU at present. Therefore, all 
= waters with more than 2 TU must contain a component of 
- recharge from the last 20 yr. 
The observations (Table 1 and Fig. 2) corroborate the basic 
“gssumptions in the analysis of the tritium and “C results. 
The two lines, which tend to define the limits of the results in 
je pre-bomb and post-bomb eras, intersect at about 2 TU 
and 85% m.c. The low tritium concentration values to the right 
of the limit line may indicate different responses to atmospheric 
bomb tritium and C increases. The shallow (1 m) sample no. 2 
cemight present a special case in that roots tapping the water 
< enhance downward trarisport of MC. 
Ages greater than 20 yr are therefore indicated by values 
elow 85% m.c. The lack of secure theoretical foundations 
oes not permit accurate “C age calculations. But with an 
jal value of 85% m.c. waters with 50% m.c. would still 
e more recent than one NC half life. Waters in the range of 
Oto 85° me. may therefore be regarded as having ages from 
few hundred to a few thousand years at most, which implies 
that they are hydrologically active. 
-- Both the radiocarbon and tritium data lead to the unam- 
~-biguous conclusion that ground waters in the northern Kalahari 
re directly, and in some cases rapidly, recharged by rain. 
alanced exploitation could make room for additional 
harge which is partly lost to evapotranspiration from the 
¿Often shallow water tables. Even at values of rainwater infiltra- 
tion as low as 5%, this could still constitute a significant 
-managed ground water supply. 
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Siluro- Devonian alluvial plains 


Tae Anglo-Welsh outcrop of the Lower Old Red Sandstone 
(Siluro-Devonian) reaches approximately 2,000 m in thickness 
and is largely alluvial’, consisting of long sequences of fining 
upwards cyclothems*. The fine grade (floodplain) members of 
the cyclothems commonly include one or more pedogenic 
carbonate units which are evident in the vertical profile®“*. The 
carbonates seem to represent episodes of soil formation, each 
of which lasted for about 10* yr. Well horizonated palaeosols 
indicate periods of prolonged weathering, which implies that 
the alluvial plains on which they were formed remained un- 
flooded for long periods. This could have arisen either because 
rivers shifted about on the plains, or because of a cyclical river 
dissection-aggradation coupled with lateral movements. The 
distribution of Quaternary calcretes’ suggests that the climate 
was hot (mean annual temperature 16-20° ©) with a low 
seasonal rainfall (mean annual precipitation 100-500 mm). This 
is supported by palaeomagnetic results, which indicate a low 
(southerly) latitude for the Anglo-Welsh area’. 

Four plausible models are considered, which give sequences 
consistent with known river behaviour and which are applicable 
to alluvial sequences in the Lower Old Red Sandstone and 
similar formations. 

Model A. Each river, by step-like channel movements 
combs systematically from side to side of an alluvial cone, in the 
manner of the Kosi? and Indus!*!!, Soil formation near one side 
is most intense when the river is active at the opposite side. The 
resulting palaeosols are discrete, laterally extensive, but non- 
uniform sheets, each equivalent in time to numerous channel 
sand-bodies (coarse grade cyclothem members). Provided that 
the distance moved by the active channel at each step exceeds 
the width of the channel belt (if braided) or meander belt (if 
sinuous), vertical profiles show cyclothems with a range of 
numbers of palaeosols. Fine grade members with no 
palaeosols result from the erosional emplacement of channel 
deposits. Control in this model is autocyclic!?, that is, intrinsic 
to the fluvial regime, and external factors such as climatic 
change, custasy and tectonism need not be involved. 

Model B. Rivers periodically shift major lengths of their 
channels by large, almost random distances. This is described as 
avulsion. It also has an autocyclic control and is well known 
from modern streams!**", Because the effective zone of the river 
is laterally restricted, soils can form at sites more distant 
from the stream. The repeated avulsion gives an alluvial 
sequence in which palaeosols repeatedly split around bodies of 
floodplain sediment. The pedogenic carbonates in this model 
are partly interconnected, either fusing with other palaeosols 
or having erosional or feather-edge margins. Provided that the 
lateral distance moved by a river at each avulsion substantially 
exceeds the width of the channel belt or meander belt, vertical 
profiles through the alluvium will show cyclothems with con- 
trasted numbers of palaeosols. Each palaeosol is the time equiva- 
lent of a number of coarse grade members formed elsewhere. 
Erosional emplacement of coarse grade members partly explains 
cyclothems which have no palaeosols. Some floodplain 
sequences, however, may never have undergone pedogenesis. 

Model C. Cyclical river dissection—aggradation occurs 
because of climatic fluctuations between more and less arid 
conditions. Following inferred events in the Australian Riverine 
Plain’®'®) the Lake Torrens Piedmont”, the Algerian Aurès 
Mountains’*, and the valley of the Rio Grande'*®-?*, a shift into 
relative aridity causes a reduction in the discharge of the river, 
which leads to channel dissection. The diminished stream lies 
entrenched in a shallow, possibly terraced, valley, and pedo- 
genesis begins on the terraces and the interfluvial plains, which 
are no longer flooded by the river. With a climatic amelioration, 
river dfscharge again increases and valley filling begins. Soil 
formation is halted, first on the terraces, and then on the inter- 
fluvial plains, as floods become more frequent and widespread. 
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As soon as the valleys are fully aggraded, the rivers can move 
laterally by avulsion until the next climatic reversal, by which 
time they will be in new positions. The alluvial piles thus 
created have discrete pedogenic carbonates of fairly uniform 
lateral development, largely embedded in floodplain deposits. 
Provided that the rivers shift laterally by substantial amounts 
during each clima j ioration, the cyclothems show a range 
vertical tad es Fine ae eee 








| The main soni! in this model is 
allocyclic"?, “tha rnal to me river regime, though auto- 

is” el is sim lar to model C but uses a change 
of base eas as he “alloeyclie control, in combination with 
avulsion. A fall of the base level causes river entrenchment and 
promotes soil formation on the exposed interfluvial plains, 
whereas a rise leads to valley aggradation and river avulsion, 
and stops pedogenesis in interfluvial areas. For example, rivers 
crossing the Gulf Coastal Plain to the Gulf of Mexico became 
entrenched during the Pleistocene glaciations, so that soils 
formed on the interfluvial plains, but during interglacial periods 
they aggraded their valleys’*. The cyclothems and alluvial 
structure of model D are similar to those of model C. In vertical 
profile the cyclothems may again contain more than one 
palaeosol. The erosive emplacement of coarse grade members 
explains the absence of palaeosols from some cyclothems. 
model D remains plausible, however, only if the change of 
base level is less than approximately the channel depth. With 
bigger ranges, the theoretical coarse grade members are incon- 
sistent with field data, to judge from modern rivers’: they are 
much thicker than the 2-3 m typical of lateral deposits and 
coarse grade members in the Lower Old Red Sandstone’, and 
they are multistorey, with evidence of a change from a braided 
to a meandering channel pattern during aggradation. 

With models A and B, the Siluro-Devonian alluvial plains 
comprise, at any instant, constructionally active and inactive 
zones in juxtaposition, with relief arising from alluvial ridges 
either occupied or recently abandoned by streams. Models 
C and D provide a more complex picture, though again of 
juxtaposed active and inactive zones. At one extreme of the 
controlling cycle, the plains comprise shaliow valleys with 
active rivers and broad interfluvial areas devoid of major 
drainage. Relief arises from alluvial ridges, active and aban- 
doned, and from valley sides and perhaps river terraces. At the 
other extreme, the plains are less diverse geomorphologically, 
with relief provided as in models A and B. 

These models provide three alternative possible gross struc- 
tures for the alluvial sequence. They differ in the three-dimen- 
sional fit of the cyclothems, and in the shape, development, and 
degree of interconnection of the included palaeosols. The 
structures are all plausible in terms of the essentially one- 
dimensional vertical profiles observed in the Lower Old Red 
Sandstone. Finer distinctions demand that an adequate number 
of cyclothems can be confidently traced laterally over distances 
of the order of kilometres. This will be possible in the Anglo- 
Welsh area only through extensive, and expensive, shallow 
borings. Nonetheless, model D may perhaps be preferred. 
Recent work shows that the Temeside Shales (late Silurian), 
near the base of the Lower Old Red Sandstone, possess palaeo- 
sols. As these beds resemble intertidal deposits™, base level 
fluctuations could explain the episodes of pedogenesis. 
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Orogenic zones in central Australia: 
intraplate tectonics? 


THE plate tectonics model'’ has been successful in explaining 
the orogenic features of the ocean basins and cor 
associated with the dispersal of Pangaea in posi- 
time. Dewey and Bird’ extended these concepts, sugges 
that there is a unique relationship between orogens 
plate-margin tectonism, and various authors have, | 
ingly, interpreted certain Precambrian and Pal 
orogenic zones or ‘mobile belts’ as plate sutures**. Y 
here that plate-margin tectonism is only one of ses 
sible conditions for the development of an orogen 


sed for Gondwanide Australia. Recent attempts to H 
a rift (aulacogene)® or subduction’ model for orogenesis im 
central Australia are confounded by the observed gto- 
logical and geophysical facts pertinent to this region. 

Three zones or major py us ìn SS e 

















bound he Ngalia and Amadeus Ba (Fig. 
characterised by steep gravity gradients’. The Amadi í 
Ngalia Basins are intracratonic depressions containing lati 
one folded and oe Toreo and Pal “O20! 


(Myr) ago aaa the Peena Aaaa Cans wiht 
the Woodroffe Thrust developed in the basement south of 
the basin. The Arunta basement complex was deformed 
during the ‘Alice Springs Orogeny” in late Devonian or 
early Carboniferous time“. While the basement rocks of the 
northern margins of the Amadeus and Ngala Basins un jer- 
went major thrusting and retrograde metamorphis n £ 
overlying Proterozoic cover rocks deformed independently 
above a decollement horizon’. 

Thick syntectonic molasse-type sediments are associated 
with the Alice Springs and Petermann Ranges events. Un- 
conformities in the cover sediments, and the thickening and 
coarsening of facies against the northern margin of the 
Amadeus Basin” indicate that the crystalline basement was 
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Fig. 1 The icanon and major structural features of the 
intracratonic basins and deformed basement zones of central 
Australia. a, Mesozoic strata; b, Proterozoic and Palaeozoic 
cover, c, older Precambrian basement rocks; d, thrust fault, 
indicating upper plate; e, fault; f, major fold. 


uplifted at various times between the thrusting episodes. 

Features indicating plate-margin tectonism, such as the 
_ presence of volcanics, acid intrusives, ophiolites and high 
pressure, low temperature metamorphics', are absent in 
` central Australia; only retrograde metamorphism of the 
- amphibolites and granulites of the basement occurred during 
= the thrusting and folding. The Giles Complex, which con- 
= tains the only ultramafics in central Australia, is made up of 
-isolated intrusions®. The distribution of the various 
_ deformed zones and the widespread, relatively undeformed 
= nature of the late Proterozoic and Palaeozoic platform sedi- 
= ments preclude any association of orogenesis with sub- 
“duction, as does the continuity of contemporaneous struc- 
- tural features across major dislocations. The style of base- 
~~ ment thrusting and gravity modelling“, suggest that 
deformation was intracratonic and compressive. It was 
probably confined to the crust. 

© Palaeozoic deformation of the central Australian shield 
~ affected an area that was remote from the nearest conti- 
< nental margin. Lower Palaeozoic palaeomagnetic results from 
= northern”, central", and southern and western Australia” 
< suggest that these regions have not experienced large lateral 
< displacements with respect to one another since Cambrian 


© time. Furthermore, the northern and central Australian 


results indicate that these regions have acted as a single unit 
at least since the late Proterozoic. The orogenic events 
should be interpreted in terms of a single central Australian 
craton that underwent meridional compression while parti- 
cipating in the drift of Gondwanaland”. The intermittent, 
north-south drift of Gondwanaland during the Palaeozoic 
is now well established”. We suggest that rapid, inter- 
mittent drift of the large Gondwanide plate had intraplate 
< orogenic repercussions, which are manifested in the promi- 
-pent east-trending basement and cover structures in central 
= Australia, Ancient zones of weakness in the crust imparted 
a mechanical anisotropy which providede loci for later 
~ thrusting; these may have coincided with old east-trending 
© mobile belts now represented by deformed granulite zones. 
3 Recurrent thickening and warping of the crúst? produced 
the observed unconformities in the Proterozoic and Palae- 
< ozoic basins. When Australia drifted from Antarctica, it 
probably did so along one of the approximately east- 
_ trending ancient zones of weakness-perhaps an old mobile 


‘from Af rica”, 





Arltunga Nappe Complex 






om ve p : 


‘There is ma a need for a broader. "plate 


tectonic theory of orogenesis. Results from the Precambrian 


cratons of Africa and North America™” are consistent with 


the concept of intraplate orogeny. It seems that, within the 


limits of palaecomagnetic resolution, little relative motion has 
occurred between cratons and the intervening mobile belts 
have been interpreted as manifestations of ensialic tectonic 
phenomena. Accordingly, Piper er al.“ suggested that a 
‘supplement’ to the plate theory of Precambrian orogenesis 
is required. Glikson and Lambert® invoked a rift valley 
(aulacogene) mechanism to explain the development of 
certain West Australian mobile belts. We have further 
extended the plate theory of orogenesis to provide a viable 
basis for understanding the Palaeozoic deformed zones of 
central Australia. 

Finally, it has been shown’ that continental plates, in 
particular those carrying North America and Australia, 
are in a state of compression under horizontal maximum 
principal stresses. Within such continents, earthquake shocks 
are generally caused by thrust faulting’. Without invoking 
a driving mechanism, it is reasonable to expect that large 
deviatoric stresses existed in Palaeozoic continents and 
thus accounted for the deformed zones of central Australia. 

We thank Drs L. P. Black, B. J. J. Embleton, I. B. 
Lambert, and A. J. Stewart, and W. B. Dallwitz, R. D. 
Shaw, A. T. Wells for critically reading the manuscript. 


Bruce A. DUFF 
ALAN P. LANGWORTHY 


Bureau o; Mineral Resources, Geology and Geophysics, 
P.O. Box 378, 
Canberra City, ACT 2610, Australia 


Received February 18, 1974, 
' McKenzie, D. P., and Parker, D. L., Nature, 216, 1276-1280 


(1967). 
? Morgan, J., J. geophys. Res., 73, 1959-1982 (1968). 
75, 2625-2647 


Dewey, J. F., and Bird, J. M., J. geophys. Res., 
(1970). 

Hamilton, W., Bull. geol. Soc. Am., 81, 2553-2576 (1970). 

Gibb, R. A., ‘and Walcott, R. F, Earth planet. Sci. Lett., 10, 
417-422 (1971). 

Scheibner, E., Record of the Geological Survey of New South 
Wales, 14, Part 1, 37 (1972), 

* Davidson, D., Nature, 245, 21-23 (1973). 

* Forman, D. J. and Shaw. R. D., Bull. Bur. Miner. Resour. 

Geol. Geophys. Aust., 144 (1973), 
* Wells, A. T., Forman, D. J., Ranford, L. C., and Cook, P. J., 
Bull, Bur. Miner. Resour. Geol. Geophys. Aust., 100 (1970). 
” To T., Moss, F. J, and Sabitay, A., Apea, 144-151 
2 

Forman, D. J., Rep. Bur. Miner. Resour. Geol. Geophys. Aust., 
87 (1966). 

'? Stewart, A. J., J. geal, Soc. Aust., 17, 205-211 (1971). 

= Jones, B. G., J. geol, Soc. Aust., 19, 229-249 (1972). 

Dickinson, W. R., Science, 174, 107-113 (1971). 

n Nesbitt, R. W., Goode, A. D. T., Moore, A. C., and Hopwood, 
T. P., Symposium on the Bushveld leneous Complex and 
other Layered Intrusions, 547 (The Geological Society of 
South Africa, Special Publication 1, 1970). 

Anfiloff, W., and Shaw, R. D., The Earth's Gravitational 
Field and Secular Variation in Position (contribution to an 
international symposium sponsored by the Australian 
Academy of Science under the auspices of the International 
Association of Geodesy. V. NSW Sydney). 

H Luck, G. R., Geophys. J., 28, 475-487 (1972). 

Embleton, B. J. 4., Earth planet. Sci. Lett., 17, 217-226 (1972). 

Embéeton, B. "J. J; and Giddings, J. W., Earth planet. Sci. 
Lett. {in the press). 

McElhinny, M. W., and Briden, J. C., Earth planet. Sci, Lett., 
10, 407 (1971). 


jade 


[7 a od 


w% 


tone 
ked 


mi wa 
w n 


H 
(e 




















Vol. 249 J June. J4 1974 


ee Briden, J. C., Nature, 215, 1334- -1339 (1967), 

22 By fe. W. S, and Leonardos, O. H., Nature, 244, 501-502 
(1973). 

3 Spall, H., Nature, 236, 21 9-221 (1972). 

N Piper, J. D, A. Briden, J. C., and Lomax, K., Nature, 245, 
244-248 (1973). 

* Glikson A. Y., and bemben 1. B., Earth planet. Sci. Lett., 20, 
395-403 (1973). = 

25 Fitch. T. J., Worthington, M. H. and Everingham, I. B., 
Earth planet. Sci. Let., 18, 345- 356 (T973). 

*? Sykes, L. R., and Sbar, M. L., Nature, 245, 298-302 (1973). 

* Gordon, F. R., Royal Society of New Zealand, Bulletin 9, 
85-93 (1971). 





Diamond growth by — 
sulphide reduction of CO, 
Marx’ proposed that natural diamonds were formed by 


a reduction of CO. and other theories have been proposed 
to explain their formation’. Carbon dioxide is a common 


constituent’ and has been found as a gas in natural 
diamonds”. Marx proposed ‘that pyrrhotite is active in the 
reduction process because it has been found as an inclusion 
in diamonds”, Furthermore, thermodynamic calculations 
showed such a reduction reaction to be energetically pos- 
sible: 
2FeS(solid) + CO: Agas)= 2FeO(solution) + S2(gas) 
© +-Cidiamond) (1) 

Diamond formation by this reaction probably would 
result in inclusions containing either free sulphur or sul- 
phur compounds, or both. To test this theory experimentally, 
natural diamond was oxidised by pure oxygen at a high 
temperature. Any included sulphur would be converted to 
gaseous SO and SO: which could be detected by analysing 
the products with a research mass spectrometer. The in- 
strument is about 10° times more sensitive than any other 
spectroscopic method"! and lends itself well to a study 
of minute quantities of a gaseous substance. 

The mass spectrometer used was a 15.25-cm radius 90° 
sector type magnetic scanning instrument. The instrument, 
calibration and experimental procedures have been des- 
cribed®. 

Diamond fragments (16 e) were used”. The diamond was 
placed in a quartz tube which was evacuated by an oil 
diffusion pump to 107 torr. An oxygen atmosphere of | torr 
was then admitted to the sample tube, The sample was 
heated to a temperature of 1,050° C and maintained at that 
temperature for 45 min. The sample container was then 
placed in a dry ice~acetone bath and noncondensed com- 
ponents were removed by evacuation. Condensable sub- 
stances were retained in the container. The remaining 
sample was analysed at room temperature using mass 
spectromatic techniques. Each experiment was duplicated 
three times. The weight of diamonds oxidised in each 
experiment was about 5.3 g. 

No evidence for SO and SO, in the oxidation products 
was found in any of the three samples. The 16 g of oxidised 
diamond fragments comprised several hundred individual 
diamond crystals, some with visible inclusions, from Africa, 
Brazil and Arkanas. The detection sensitivity for sulphur 
was approximately I part in 10° with respect to other oxida- 
tion products. Thus, there was no evidence for the presence 
of pyrrhotite. This suggests that the reduction of CO, by 

pyrrhotite is not responsible for the formation of all natural 
diamonds. These limited data do not, however, rule®out the 
possibility of some diamond formation by the reduction of 
CO: by pyrrhotite. : 
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E. coli lactose operon ribosome bine 


In Escherichia coli, protein synthesis is initiated: 
mylmethionine, coded by the triplet AUG. A 
in translation, ribosomes bind to the AUG ini 
the presence of initiation factors, charged 
GTP. The sequence or structure of a messeng 
cule must signal that a particular AUG t 
codon, and the cell’s ribosomes must recognis 
as containing a signal for initiation of ¢ pii 
ion suitable for in vitro protein syn = 
contains only one species of charged tRNA, f 
ribosomes bind to and protect initiation regions 
lease digestion. The ribosomes bind at the AL 
codon and cannot proceed any further due to 
charged tRNA species other than fMet-tR NA. | 
of determining the characteristics peculiar to an 
region in a MRNA molecule, a number of ribosome | 
sites have been sequenced'~‘ 

I have previously reported the sequence of- 
bases of the lactose operon mRNA transcribe 
(CAP-independent) UV5 promoter mutant’. Fig 
this sequence. The first AUG triplet occurs ; 
39-41, and the succeeding bases, read in tr 
for the first seven amino acids of f-galactosi 
was highly suggestive that translation might i 
position 39 ofehe UV5 lac message, and that 
should bind to and protect, the surrounding regi 
from nuclease’ digestion, 

To verify’that the region around the AUG 
position 39 is a ribosome binding site, T 
the portion of the UV5 lac mRNA which - 
tect from digestion by RNase A (which cuts afte 
and RNase T: (which cuts after G) Table 1} 
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Table 1 RNase T, oligonucleotides recovered after protection of a 
protein synthesis initiation complex from RNase A or T, digestion 





Molar yield after digestion with 


Oligonucleotide RNase A RNase T, 
G(A) 2-3 2-3 
AUAACAAUUUCACACAG(G) 1/4-1/2 | 
AAACAG(C) | | 
CUAUG(A) | I 
ACCAUG(A) | i 
AUUACG(G) | l 
AUUCACUG(G) 1/4 1/3-1/2 





RNA was synthesised jz vitro from UV5 lac DNA fragment template 
as previously described®. Synthesis was for 13 min at 25°C. After 
phenol extraction and two ethanol precipitations to remove un- 
incorporated triphosphates, the **P-labelled RNA was taken up in 
20 pl of 0.5 mM EDTA and incubated at 37° C for 15 min, Initiation 
complexes were formed in a 40 ul reaction mix similar to that described 
by Steitz! eontaining: 0.1 M Tris, pH 7.4, 0.05 M NH,Cl, 5 mM 
| MgOAc., 0.2 mM GTP, 2.5 mM _ B-mercaptoethanol, 6.6 Aggy units 
- ribosomes, about 100 ug crude initiation factors, and 1.0 Ages unit 
“mixed tRNA charged with *S-formylmethionine. Ribosomes and 
initiation factors were prepared from Æ. coli B/r as described by 
Anderson et al, except that: the preparative buffer contained 
i mM dithiothreitol instead of 6 mM B-mercaptoethanol; ribosomes 
were made up to 0.05 M Tris, pH 7.4 before the 2 M NH,CI wash; 
and initiation factors were dialysed into preparative buffer containing 
- §& glycerol, and made up to approximately 10% glycerol before 
“storage at 70° C in plastic tubes. E. coli K12 mixed stripped tRNA 
eneral Biochemicals) was charged with *S-methionine and formy- 
dated. Charging was assayed by precipitation in cold and hot TCA. 
i After 12 min incubation at 37° C the reaction was cooled to 25° C, 
- 75 pg mi~? RNase A or T, was added and incubation was continued 
< at 25° C for 15 min. The reactions were layered on to linear 3.8 ml 
- 520° sucrose gradients in the buffer described by Kondo er al, 
< except that the MgOAc, concentration was raised from 5 to 10 mM. 
After centrifugation for | hat 55 K in the IEC SB405 rotor, about 
20 fractions were collected directly into 3.5 ml scintillation vial inserts 
and the peaks of radioactivity determined by Cherenkoff counts. 
Typically about 1-325 of the counts sedimented with the ribosomes 
after RNase digestion. These fractions were pooled, precipitated 
with 2.5 volumes ethanol and 1/10 volumes 20%, NaAc at —20°C 
overnight, extracted with phenol, and precipitated with ethanol 
twice. The protected fragment was digested with RNase T, and 
fingerprinted by standard procedures described by Barrell er al". 
The data above are compiled from three separate experiments with 
A, C and U-labelled RNA. 








oligonucleotides found in RNase T, fingerprints of this 
protected region. These oligonucleotides fit into the portion 
of the UV5 /ac message surrounding the presumed initiator 
codon. 

Table 2 compares the sequence of protected regions 
isolated after digestion with RNase A or RNase T:. Ribo- 
some protection does not preserve a unique sequence 
from nuclease attack: the size of the protected fragment 
depends on which nuclease accomplished the digestion, and 
on its concentration and activity, At the 3° end of the lac 


ferred cleavage site in this region. © 

Sequences of nine other ribosome binding sites have 
been published'~’, as well as that of an anomalous site 
on Q8 RNA which B. stearothermophilus ribosomes bind 
and protect* A long stretch at the 5’ end of MS2 RNA 
has also been sequenced, and this includes a region which 
probably contains the MS2 A protein initiation site; its 
sequence is very similar to that of the initiation region 
for Ri7 A protein, although the initiation codon is GUG''", 

Common features of initiation or ribosome binding 
regions are an AUG initiator codon, the sequence AGGA, 
the sequence PuPuUUUPuPu (Pu stands for purine), and 
one Or more nonsense codons near the initiation site. 
Table 3 lists the sequences of the 1] known initiation 
regions, drawn so that similar sequences can be easily 
compared. All the initiation regions (or presumed initiation 
regions) which have been sequenced, except that for the 
MS2 A protein, include an AUG initiator codon. The lac 
ribosome binding site shares the sequence AGGA (positions 
28 to 31 of the mRNA) with seven other ribosome binding 
sites'"**' and the lac site has the sequence AAUUUCA 
(positions 18 to 24) which, with C substituted for a purine, 
resembles the sequence PuPuUUUPuPu found in six other 
initiation regions''~*!' All but the /ac site have a nonsense 
codon (UAA, UGA or UAG) within 15 bases of the 
initiator AUG: in lac the nearest nonsense codon (UAA) is 
22 bases away. In some regions a stable conformation can 
be drawn with the AUG protruding at the ‘ear’ of a loop 
of RNA, but no such stable secondary structure is apparent 
in that of the lac operon. Table 3 also shows the site which 
B. stearothermophilus ribosomes protect on Q8 RNA*. This 
site probably contains the sequence AGGA, but it shares no 
other features with known initiation sites. 

Though all these regions have a certain resemblance to 
one another, none of these common features alone, not even 
the AUG initiator codon, is an absolute requirement for 
ribosome binding. There is a GUG codon in the initiator 
region of the MS2 A protein”. Reinitiations occur in vivo 
in mutants of the lac i gene (which codes for lac repressor) 
which carry early amber mutations. Three different mutant 
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Fig. 1 The first 63 bases of the m RNA transcribed from 
the UV5 Jac promoter". The /ac operator sequence is copied 
into bases | to 21. -galactosidase initiates at the AUG 
codon at position 39, and the amino-terminal sequence of 
-galactosidase is matched to the triplets on the message 
which code for those amino acids. | 





Table 2 Ribosome binding region of the /ac message 


Maximum RNase T,-protected fragment: 


5’-AUAACAAUUUCACACAGGAAACAGCUAUGACCAUGAU UACGGAUUCACUG 


Minimum RNase T,-protected fragment: 


§’-AUAACAAUUUCACACAGGAAACAGCUAUGACCAUGAUUACG 


Minimum RNase A-protected fragment: 


5’-AGGAAACAGCUAUGACCAUGAUUACGGAU 





Oligonucleotides recovered from ribosome-protected fragments of the UVS Jac message were fitted into the sequence of the first 63 bases of this 

messenger (shown in Fig. D). This table compares the minimum site protected by R Nases A and T, with the maximum protected region. 

Gelelectrophoresis of protected fragments cleaved by R Nase T, reveals two main species. Sequence analysis of these species show that they differ 

by a single oligonucleotide, AUUCACUG, which is reflected in the low recovery of this oligonucleotide after protection and digestion with 

RNase T, (Table 1). But gel electrophoresis of fragments protected from RNase A digestion reveals a range of species between 30 and 40 
bases long, and no preferred cutting sites are evident in fingerprints of protected RNA. 


ribosome binding site, the T, fragment AUUCACUG is 
sometimes protected and sometimes clipped during digestion 
with either RNase A or RNase T;. At the ® end the long 
T, fragment, AUAACAAUUUCACACAG, i$ always pro- 
tected from RNase T, digestion, so its 3’-terminal G must 
be well shielded in the protected region. RNase A usually 
cleaves within this fragment, so some C and U residues 
at its 5’ end must be exposed. It seems to have no pre- 
+ 


proteins all have fMet as their amino-terminal amino acid, 
but these restarts occur at amino acid residues which are 
normally translated as formylmethionine (AUG), valine 
(GUX) or leucine (CUX, UUA or UUG), so ribosomes 
seem to bind to codons which resemble the normal AUG 
initiatidn site, and then mistranslate*, Steitz has reported 
that B. stearothermophilus ribosomes bind in vitro to the 
RNA genome of the coliphage Qf and protect a region 
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Sequences of ribosome binding sites. from indicated sources, aligned with respect to 


which has no initiator codon, although it probably does 
include the sequence AGGA”. 

The lac operon ribosome binding site is the first to be 
sequenced from an E. coli operon. It is pleasing to find 
a close resemblance between phage and host protein syn- 
thesis initiation regions. But while there are similarities of 


sequence between many of the known ribosome-binding 


sites, the resemblance among all these sites is too casual 
to allow any conclusions about how ribosomes recognise 
initiation regions. 
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A and UAG are in italics. The popular sequence PuPuUUUPuPu is underlined, and WAGGA ae parent an 
l mark uncertainties in fragment order. 
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Incorporation of exogenous DNA 
into mammalian chromosomes 


Many reports’ have shown that exogenous DNA can be 
up and incorporated into the nuclei of cells in cuit 
in vive; but no morphological evidence has been. pe 
suggest that such foreign DNA actually becomes ¢ 
with the chromosomes of inoculated cells. The Indiat 
deer, Muntiacus muntjak, has a wae number ore 
yet reported for mammals, $ = 6; 4 = 7 (ef. 3) 
bination of such a low Present eae and j th 
morphology of each pair of chromosomes in the: 
make this animal particularily attractive for c 
cytogenetic studies. The C- and G-banding patterns’ 
been established for this animal which allow even me 
comparisons to be made than those based sclely. 
chromosome morphology. 

The purpose of this study was to determine if se 
highly repetitive exogenous DNA could be incorp 
the muntjak chromosomes and demonstrated cv 
Cells were inoculated with the synthetic polynucieo 
(dA):poly(dT) and then chromosome preparations + 
carried through the C-banding procedure which demai 
repetitive DNA sequences®. The results suggest that, 
basis of new C bands, poly (dA) - poly (dT) can be inc: 
into the muntjak genome (Table 1). The normal C 
pattern is contrasted in Fig. | with a representative exa 
cell showing extra C bands which presumably are da 
areas of highly repetitious DNA in the chromosome 
cells (inoculation conditions 1 and 2) consistently s 
pattern of staining confined to the centromere regi 
autosomes, the centromere and neck of the X chrome 
the entire Y chromosome. The new C bands we 
observed at the terminal portion of chromosome p 

Seventy-two per cent of metaphases from cells inde 
only Earle’s balanced salt solution (EBSS) had the di 
chromosomes. The deviation from diploidy was du 
to the loss of the small Y chromosome in mi 
This was also tfue for cells inoculated with I 
poly(dA) - pofy(dT), or the combination of 
C bands were observed only in the cells treated with. 
poly (dT) alone or in combination with DEAE - 4 | 
they occurred with approximately equal frequency in the two 
canditions. 


peA 





s 
+ 





Fig. 1 C-banding patterns of Muntiacus muntjak. Cells were 
treated as described in Table |. Chromosome spread (a) represents 
control cells inoculated with EBSS only (condition |), and (b) was 
taken from cells inoculated with poly (dA) - poly (dT) (condition 
3). Arrows point to extra C-bands as compared with controls. 


Various studies'*** have shown that exogenous DNA is 
taken up by mammalian cells and becomes intranuclear to the 
extent of from 0.5 to 5% of the host cell DNA, but breakdown 
of the exogenous DNA followed by resynthesis in the nucleus 
would lead to an apparent nuclear incorporation of the foreign 
DNA. It has been estimated that the amount of donor DNA 
that actually becomes incorporated into the chromosomal 
material of the inoculated cells is less than 0.3% of the host cell 
DNA*. 

Our study avoids many of the inherent technical problems 
associated with previous biochemical and biophysical ap- 
proaches to studying the incorporation of exogenous DNA into 


mammalian cells. Breakdown and reutilisation of the added , 


poly (dA) - poly (dT) would not be expected to alter the C- 
banding pattern of the chromosomes, and only the portion 
of poly (dA) - poly (dT) that becomes associated with the 
chromosome would be detected by the C-banding technique. 
Since synthetic homoribopolynucleotides can be taken up by 
intact mammalian cells?! without the addition of DEAE- 
dextran, it is not surprising that there was no difference in the 





Table 1 Effect of synthetic DNA on chromosomes of 
Muntiacus muntjak 
No. with 
No. of cells No. extra 
Inoculation examined diploid (%4) C bands (",) 

1. EBSS 132 95(72) 0 
2. DEAE-dextran 104 60(58) 0 

3. poly(dA)-poly(dT) 263 162(62) 30(1 1-4) 

4, DEAE-dextran+ 
+ poly(dA)-poly(dT) 190 150(79) 19(10-0) 





Fibroblast cells of the male muntjak were grown in medium MAB 
87/3 (ref. 10) with 5% foetal bovine serum screened for coliphages. 
Slide culture chambers (Bio-Tek) were inoculated with cells and 
allowed to incubate at 37° C for 2 d to reach log phase of growth and 
about 1/2 confluency. Inoculation conditions included: (1) EBSS 
only; (2) DEAE-dextran (DEAE-D) (Pharmacia) (100 pg mi") in 
EBSS; (3) poly (dA) - poly (dT) (PL Biochemicals) (2 pg mI") in 
EBSS: and (4) DEAE-D (100 ppg ml) and poly (dA) > poly (dT) 
(2 ug ml) in EBSS. Each culture was incubated with one of the above 
solutions for 15 min at room temperature, then rinsed once with 
Tris-buffered saline, and fed with 2.5 ml of complete growth medium. 
After about 36 h at 37° C, colcemide was added to a final concentra- 
tion of 0.025 ug ml and cultures incubated an additional 16 h. 
Medium was then replaced by a hypotonic solution consisting of 
medium without serum:H,O (1:2) for 20 min. Subsequent fixation 
was in acetic:methanol (1:3), and C-band staining was according to 
the procedure of Arrighi and Hsu’. C-band differgntiation was en- 
hanced by a rapid rinse in 50% methanol or a 5 min rinse in 10% 
methanol followed by a distilled H,O rinse and air-drying. Metaphase 
spreads from each culture were then examined at 1,000 < for exact 
count and C-banding patterns. The poly (dA) - poly (dT) used in these 
studies had a buoyant density of 1,644 in neutral CsCl, Sw — 7.9, 


and molecular weight = 5 x 10°. * 
e 
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frequency of extra C bands between cells treated with poly 
(dA) + poly (dT) alone or in combination with DEAE - dextran. 
The appearance of the extra C bands only atthe terminal portion 
of the chromatids of specific chromosomes is of particular 
interest in that it suggests new DNA is added at specific sites 
and that certain chromosomes are more likely to be involved 
than others. 

The observations reported here are consistent with the 
hypothesis that under certain conditions exogenous DNA can be 
taken up by cells and incorporated into the cell genome. An 
alternative explanation for the extra C bands is that poly (dA) - 
poly(dT) has indirectly induced the changes in banding 
patterns. Direct evidence for the incorporation of poly (dA) > 
poly (dT) into the chromosomes will require in situ hybridisa- 
tion studies. If the new C bands prove to be of poly (dA) - 
poly (dT) origin and if they are heritable, it should be possible 
to use synthetic nucleic acids in gene therapy rather than 
viruses which carry unnecessary and often unwanted genetic 
information in addition to that which may be therapeutically 
useful. 

R.M.P. was a post-doctoral fellow supported by a National 
Institutes of Health fellowship from the Public Health Service. 
Dr T. C. Hsu, University of Texas, gave us muntjak fibroblast 
cells. 
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Site of attachment of J chain 
to human immunoglobulin M 


IN spite of a remarkable similarity of the general polypeptide 
chain structure of immunoglobulins, their molecular weights 
vary from 150,000 to 950,000 because some occur in monomeric 
(IgG. IgD and IgE) and others in monomeric or polymeric 
forms (IgA and IgM) (ref. 1). The largest immunoglobulin, 
IgM, appears in a stellate configuration of five disulphide- 
linked subunits (IgM.), each consisting of two pairs of covalently 
linked heavy (p) and light (xK or 4) chains*, Recent evidence 
shows that polymeric immunoglobulins, whether composed of 
dimers, tetramers or pentamers, contain one molecule of an 
additional polypeptide, termed J chain**, Produced within the 
same cells as immunoglobulins, J chain becomes attached to 
polymeric IgM and IgA during the final stages of intracellular 
assembly“. Available results indicate that this polypeptide is 
essential tor polymerisation of monomeric immunoglobulins”, 
has a molecular weight of about 15,000 (refs 11-13), and is 
covalently attached by disulphide bonds to the Fe region of 
lgM (refs 14-16). Although the covalent structure of u chain 
has been determined", the exact location of the disulphide 
bondts) connecting J chain to p chain has not been known. 
To ingestigate this question, we used available information 
concerning fragmentation of IgM and of p and J chains by 
cleavage with cyanogen bromide (CNBr) (refs 17-20). Because 
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on molecules in open shell electronic states, and, in 
his book, Professor Carrington draws together the 
threads of this diverse and sometimes difficult subject. 
One of his main aims is to show that although the 
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Fig. 1 Disc electrophoresis?* and immunoelectrophoresis with an 
anti-J chain serum (a-J) (ref. 23) of CNBr cleaved IgM (1), 
fraction A Fig. 2 (2), and fraction A purified by DEAE-ion 
exchange chromatography”? (3), Lyophilised [gM was dissolved 
in 70% formic acid at 2% protein concentration and cleaved 
with CNBr for 4 h at room temperature. The amount of CNBr 
was double that of the protein. After dilution with ten 
volumes of distilled water, the material was lyophilised. 


this procedure leaves disulphide bridges intact we reasoned that 
the portion of u chain(s) linked by these bridges to J chain 
would be obtainable as a CNBr fragment. 

IgM isolated from serum of a patient with Waldenstré6m's 
macroglobulinaemia®! was cleaved with CNBr (ref. 20), and 
the products were examined by disc electrophoresis at pH 9.4 
(ref. 22) and by immunoelectrophoresis with an antiserum to 
S-sulphonated J chain?®. CNBr treatment released a fragment 
with the electrophoretic mobility and antigenic determinants of 
J chain (Fig. 1). Purification of this fragment was achieved by 
extracting CNBr-cleaved IgM with a 1% ammonium 
bicarbonate buffer brought to neutrality by bubbling with CO,. 
Whereas most large fragments are insoluble in this buffer and 
are removable by centrifugation, fragments containing J chain 
are soluble and can be further purified by gel filtration through 
Sephadex G-200 (Fig. 2} and subsequent DEAE-ion exchange 


Table 1 Amino acid compositions of J chain, purtfied fragment A and 
its components 





Amino acids J Chain Fragment B2 JCNBrt B3 
IgM* A 

in residues per 100 residues per chain 
Asp 16.5 16.1 2.0 2.0 1.0 
Thrł 9.0 9.1 24 1.9 2.0 
Sert 5.8 6.4 0.9 
Hse 0.7 
Glu 11.6 12.6 1.1 1.0 
Pro 6.6 5.8 2.3 1.9 
Gly 2.2 3.4 12 
Ala 4.7 4.6 22 2.0 1.0 
Val 7.1 6.5 0.8 0.8 
Met 0.7 
He 5.9 S.I 
Leu 6.5 6.6 1.2 1.0 
Tyr 4.2 3.1 0.7 0.8 0.6 
Phe 1.2 1.3 
Lys 4.5 5.3 
His 0.9 LI 
Arg 7.5 7.2 
Cys§ 5.0 5.1 0.6 0.7 0.6 


Amino acid analyses were performed on a Beckman 120 C amino acid 
analyser modified for single column, high speed analyses. Samples 
were hydrolysed in constant boiling HCI at 108° C for 24 h. All values 
represent the average of two or more analyses. i 

* Compiled from previously reported values*™??, > 

+ Obtained by CNBr cleavage of isolated J chain; small fragment 
separated on Sephadex G-25 (ref. 20). 

t Corrected for losses due to acid hydrolysis. 

§ Determined as cysteic acid®. 
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chromatography?’. Disc electrophoresis at pH 9.4 and poly- 
acrylamide electrophoresis in the presence of sodium 
dodecylsulphate™ showed the purity of this fragment, which 
reacted with an anti-J chain serum but not with antisera to 
IgM, or x and A chains (Meloy Laboratories). 

The molecular weight of a purified J chain-containing 
fragment was established by sedimentation equilibrium ultra- 
centrifugation in 5 M guanidine-HCI}*. The average molecular 
weight of three samples (Agsonm = 0.4-0.7) was 15,700 (range 
15,400-15,900). Peptide maps and amino acid analyses% 
strongly resembled those of isolated J chain. This fragment, 
extensively reduced and alkylated, was applied on a column of 
Sephadex G-25, to separate individual components that were 
connected by disulphide bonds (Fig. 3). Resulting fractions 
were desalted, lyophilised, and their amino acids were analysed 
(Table 1). The first and largest fraction (B1) contained amino 
acids in proportions resembling those of J chain and its large 
N-terminal fragment™®. The second fraction (B2) contained 
amino acids found in a fragment obtained by CNBr cleavage 
of isolated J chain!®-*°. The presence of a homoserine residue 
in Bl and its absence from B2 indicated that the former 
corresponded to the N-terminal and the latter to the 
C-terminal parts of J chain. The third fraction (B3) lacked 
homoserine, was eluted in the same position on Sephadex 
G-25 as the C-terminal octapeptide of a chain™®, and had an 
electrophoretic mobility and amino acid composition like that 
of the C-terminal octapeptide of u chain?®*>, These results 
indicate that the peptide in fraction B3 originated from the 
C-terminal end of the u chain and that J and u chains are 
connected by a disulphide bridge between the penultimate 
cysteine residue of u chain and a cysteine residue in the J chain. 
The molecular weight of the J chain-containing fragment 
implies the presence of one, perhaps two, octapeptides. 

Cysteine residues involved in inter-IgM, disulphide bonds 
are located at position 414 from the N-terminal end of the u 
chain'?-*6-*7, Attachment of J chain to the penultimate cysteine 
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Fig. 2 Gel filtration of material obtained by extraction of 
CNBr-cleaved IgM with 1% ammonium bicarbonate solution 
saturated with CO, to neutrality. Extracted material was 
lyophilised, dissolved in 5 M guanidine-HC1, and applied on a 
column (2.6 x 100cm) of Sephadex G-200 in 5 M guani- 
dine-HCI. Material with electrophoretic mobility and antigenic 
determinants of J chain was present in fraction A (Fig. 1). 
Further purification was pours on DEAE Sephadex 
column*3, 


0 iG 20 30 40 


residue (position 575) of only one or two C-terminal octapep- 
tides indicates that J chain:-does not join individual IgM, to 
form a pentameric molecule of IgM. If J-chain, as well as 
previously described inter-lgM, disulphide bridges, were to 
join five IgM, to form a pentameric molecule, at least five of 
the ten C-terminal octapeptides would appear tn association 
with J chain. In such a case a considerably increased molecular 
weight would be evident. Moreover, since at least two cysteine 
residues of J*°chain are involved in an intra-chain disulphide 
bridge™®, only four cystelne residues would be available to 
interact with IgM.. 

Of five known classes of human immunoglobulins, partial or 
complete amino acid sequences of the C-terminal parts of heavy 
chains have been determined for two monomeric immunoglo- 


. bulins, IgG (ref. 28) and IgE (ref. 29), and for the two polymeric 
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immunoglobulins, IgM (ref. 17) and IgA (refs 30, 31). A com- 
parison of the C-terminal portions of the heavy chains of these 
four classes revealed that a and p chains extend beyond the 
C-terminal ends of the y and e chains by an additional 19 
amino acids. The C-terminal octapeptides released by CNBr 
cleavage of u and a chains are at the end of this extension? 3% 3t, 
In polymeric IgA, J chain is also disulphide-linked to the 
penultimate cysteine residue of the a chain®*8*. The corres- 
pondence in sites of J chain attachment to u and a chains and 
the pronounced homology of the two latter chains indicate 
that this region of both heavy chains is associated with the 
tendency of IgA and IgM molecules to polymerise. 
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Fig. 3 Gel filtration of purified fraction A, reduced with 0.2 M 

2-mercaptoethanol and alkylated with iodoacetamide*®. A 

column (1.5 x 35cm) of Sephadex G-25 fine was equilibrated 

in 5 M guanidine-HCl. Fraction B2 was further purified by 

rechromatography on the same column. Desalting was performed 

on a Sephadex G-10 oon i 1% ammonium bicarbonate 
uffer. 


Nevertheless, the mechanism of polymerisation remains 
speculative. A successive disulphide bond interchange reaction 
initiated by J chain has been suggested 13:33-34, The incongruity 
between the necessity of J chain for polymerisation®® and the 
variant positions of the cysteine residues involved in the 
inter-IgM, disulphide bonds (residue 414) and that of J chain 
attachment (residue 575) may be resolved by postulating a 
labile disulphide bond between these residues in a monomeric 
molecule as suggested for IgA (ref. 30). CNBr cleavage failed 
to release two disulphide-linked C-terminal octapeptides that 
were released only after subsequent disulphide bond cleavage. 
This finding led to the conclusion that, rather than being 
mutually connected by a disulphide bond, the penultimate 
cysteine residues of the two a ghains of monomeric IgA 
apparently form an intra-a or inter-a chain disulphide bond 
with the cysteine residue located elsewhere on the a chain. 
Possibly the penultimate cysteine residues of intracellular 
monomeric IgM are a part of an analogous labile disulphide 
bond that, if cleaved in the presence of J chain, might initiate 
the release of -SH groups that particpate in inter-IgM, disul, 
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phide bonding. With the polymerisation completed, J chain 
remains attached to the penultimate cysteine. 
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Proportional increase of bursa-derived 
cells in chickens of the Obese strain 


CHICKENS of the Obese strain (OS) spontaneously develop 
severe autoimmune thyroiditis during the first weeks of 
life, with clinical signs of hypothyroidism”. Serological 
tests reveal both circulating and bound thyroglobulin 
autoantibodies’. The lymphoid infiltration of the thyroid 
gland is characterised by a predominance of plasma cells 
and the formation of a large number of germinal centres’. 
In view of the histological and serological features, the 
spontaneous autoimmune thyroiditis of OS chickens can be 
considered as an appropriate animal model for human 
Hashimoto thyroiditis’. 

The major issue in research. on autoimmune diseases is 
the question whether a primary autoantigenic stimulation 
(for example, by antigenically altered autologous material) 
of an essentially normal immune system leads to the 
development of disease, or if an abnormal immune system 
is incapable of maintaining the state of self tolerance. A 
combination of both mechanisms may also be involved in 
pathogenesis. 

Investigations in the OS have provided data which support 
both a primary alteration of the thyroid glands before any 
signs of lymphoid infiltration do occur’, and a disturbed 
function of the immune system as well®’. With regard to the 
latter, it is noteworthy that the development of spontaneous 
autoimmune thyroiditis can be suppressed by neonatal or, 
even better, in ovo bursectomy*, whereas neonatal thy- 
mectomy leads to an increase of frequency and severity’ and 
also entails a significant augmentation of non-thyroid auto- 
antibodies®’*. In contrast to experimentally induced auto- 
immune diseases, the spontaneous autoimmune thyroiditis 
is therefore considered to be ‘B dependent’. From these and 
other studies", a new functional concept for the classifica- 
tion of autoimmune disease into B and T dependent ex- 
tremes with intermediate forms has been proposed", and the 
diagnostic and therapeutic implications of this concept were 
discussed. 


Table 1 Immunofluorescence tests on 10 NWL and 12 OS chickens 
at 19 d of embryonic life 


Organ Strain % of lymphocytes reacting with: 
ABS A alg 
Bursa OS 70 0 70 
NWL TI 0 57 
Thymus OS 2 9? 0 
NWL 6 91 0 
Spleen OS 58 43 4 
NWL 29 64 l 
Blood OS 3 12 2 
NWL ND 7 3 


alg, Anti-whole-chicken immunoglobulin antiserum raised in rabbits. 

Figures indicate mean % of cells reactive with respective antisera. 

The lymphoid cells of each organ were pooled from all OS or NWL 
chickens. ND, not done 


Here we describe studies on the distribution of B and T 
cells in various lymphoid organs of OS chickens by means 
of immunofluorescence tests with specific turkey anti-chicken 
bursa cell (ABS) and anti-thymus cell (ATS) sera™. Antisera 
to chicken immunoglobulin have also been employed 
for the demonstration of tmmunoglobulin surface determi- 
nants as a further B-cell marker. We thought that a postu- 
lated hyper-reactivity of the B-dependent portion “of the 
immune system in the OS may be reflected in arf altered 
distribution of B and T cells in the chickens’ lymphoid 
tissues. 
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Table 2 Immunofluorescence tests on 5 NWL and 4 OS chickens 
1.5 weeks after hatching 
Organ Strain % of lymphocytes reacting with: 
algM algG 
Bursa OS 85+ 3 8+ 2 67+ 8 22+ 9 
NWL 74+ 7 10+ 6 62+11 173-14 
Thymus OS 28+ 5 63+11 ND ND 
NWL II+ 6 87+ 8 ND ND 
Spleen OS 58+ 6 41-- 5 50+ 14 $+] 
NWL 19+ 4 56+ 9 12+ 4 6s 6 
Blood OS 21+ 2 63+ 5 19+ 6 4+ 3 
NWL 21+ 5 68+ 3 18+ 5 lŁ 2 


algM, Anti-chicken-lgM-serum raised in rabbits; algG, anti-chicken- 
IgG-serum raised tn rabbits. Cell suspensions were not pooled. 
Figures indicate mean and s.d. ND, not done.* 


Lymphoid cells from the bursa of Fabricius, thymus and 
spleen were prepared by consecutively passing tissue frag- 
ments through 80 and 200 mesh screens and washing the 
cell suspensions in phosphate buffered saline (pH 7.2). Blood 
lymphocytes were obtained by sedimentation in polyvinyl- 
pyrrolidone (PVP) (refs 12, 13). The viability of the cells 
was always >90%. The reaction of cells with ABS or ATS 
was visualised in an immunofluorescent staining procedure 
on living cells’. The FI1TC-labelled antiserum to turkey 
immunoglobulin used in the indirect immunofluorescence 
tests was produced in our laboratories and characterised as 
described earlier’. Appropriate control experiments to 
exclude nonspecific staining were also carried out’”’’, The 
conjugate was absorbed with chicken immunoglobulins. All 
readings were done on coded slides and with epi-illumination 
on a Reichert Zetopan microscope equipped with a HBO- 
200 mercury vapour lamp and suitable exciter and barrier 
filters. After the immunofluorescent staining procedure 
the cells were counterstained with Evans blue to facilitate 
counting. IgM and IgG determinants on the surface of 
lymphocytes were detected in an indirect immunofluore- 
scent test using specific rabbit antisera prepared as described 
elsewhere (B.A. and G.W., unpublished). 

Table 1 gives the results obtained with cell suspensions 
of 19-d-old embryos. At this age there is a greater percentage 
of B cells in the spleen of OS chickens than in the spleen of 
NWL controls. No such feature was found in the other 
lymphoid populations tested. Using an anti-whole-immuno- 
globulin serum, there ‘seems to be an increase of cells with 
immunoglobulin surface determinants (ISD) in the OS 
chicken bursa as compared with NWL birds. 

Table 2 summarises the data from chickens 1.5 weeks 
after hatching. At this age an increase of B cells is not only 
found in the spleen but also in the thymus of OS as 
compared to NWL birds. Analysis of the cell populations 


Table 3 Immunofluorescence tests on three NWL and three OS 
chickens 4 weeks after hatching 


Organ Strain % of lymphocytes reacting with: 
ABS ATS alg aleM  algG 
Bursa OS’ 9t+ 6 143 764 2 65415 294 3 
NWL 86+ 7 442 Wt 9 444 4 42+11 
Thymus OS » 25+ 6 68+ 5 20+ 3 1543 74 1 
NWL 34+ 3 9344 442 I41 142 

@ 

Spleen OS 57+ 4 334 6 534 7 334 8 154+ 2 
NWL 28+ 7 524+ 9 354 5 154+ 2 18+ 8 
Blood OS 21+ 3 684 7 164+ 7 1145 942 
NWL 234+ 5 664 6 194 3 144 9 10+ 6 


° See Iegend for Tables 1 and 2 
° 
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with chain specific anti-immunoglobulin sera revealed a 
preponderance of IgM over IgG-carrying B cells in the 
spleen of OS chickens. The additive values obtained with 
anti-lgM and anti-IgG were in good agreement with the 
figures obtained by incubating the cells with ABS. Four 
weeks after hatching a similar pattern was obtained (Table 
3), but now the ratio of IgM to IgG carrying cells was 
also higher in the bursa of the OS as compared to NWL 
controls. 

Table 4 shows that in 9-week-old OS chickens the pro- 
portion of B cells is increased in spleen, thymus and blood, 
and that here again most of these cells bear IgM on their 
surface. From the data obtained with chain-specific anti- 
immunoglobulin sera it seems reasonable to assume that 
the increment in B cells in lymphoid organs of the OS 
chickens is made up of IgM-ISD carrying cells. As in the 
4-week-ol8 animals, this IgM shift is also reflected in the 
bursal cell population. 

A crucial observation in these studies was the altered 
splenic proportion of B and T cells already in OS embryos, 
that is, well before any signs of thyroiditis can be found. 
Thus, this increase of B cells in OS birds as compared with 
NWL chickens seems to be independent of the thyroiditis- 
induced metabolic or endocrine status. The occurrence of 
nearly 30% of B cells in the thymus of 1.5-week-old OS 
birds again emphasises this point. In NWL chickens such 
high numbers of B-cells in the thymus are only rarely 
attained, and if they do occur at all in healthy, unimmunised 
birds, they are found much later in life”. 

It may be hypothesised that the abnormal] invasion of the 
OS thymus by B cells may impair normal maturation and 
regulatory processes in it, or that some primary derange- 
ment of the thymus function is a prerequisite for such 
an abnormal immigration of B cells. The late appearance 
of an increase in B cells in OS chicken blood may be 


Table 4 Immunofluorescence tests of four NWL and four OS 
chickens at 9 weeks of age 


Organ Strain % of lymphocytes reacting with: 
ABS ATS algM algG 
Bursa OS 92+ 6 T 3 71412 35+ 6 
NWL 91+ 8 64 5 48 9 554 6 
Thymus OS 324 6 67413 22+ 5 94 4 
NWL 12+ 8 86 5 4+ 2 T4: 3 
Spleen OS 60-+ 9 40+ 6 39+ 3 26+. 8 
NWL 38+ 5 58+ 8 IS+ 6 22+ 4 
Blood OS 56+ 7 26-+ 8 34+ 7 14+ 5 
NWL 23-+ 6 70-41 3 


See legend for Tables | and 2 


explained either by the fast migration of ‘pathological’ B 
cells from blood to the tissues and thus the maintenance of 
normal levels of B cells in the blood for a longer period until 
the capacity of the peripheral lymphoid tissues for B cells is 
saturated, or by a selective microenvironment specifically 
attracting B cells into the prospective lymphoid organs early 
in the animals development. 

Attempts to delineate B and T cells in NZB mice, the 
other well established model of spontaneous autoimmune 
disease, gave ambiguous results’. An alteration of the 
proportion of T cells to B cells has only been observed very 
late in the animals life, after the onset of clinical symptoms 
of the disease. ° 

Our results are the first step towards a diagnostic appli- 
cation of the concept of B and T dependent autoimmune 
diseases", As stated above, this concept is only concerned 
with the effector cells, and, in the case of OS chickens, the 
postulated hyper-reactivity of the B cell system does not 
exclude the posssibility that the initia] aetiological factor in 
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this strain may be a deficient T-cell depressor compartment’, 
In addition, the present approach may not only provide 
information about diagnostic aspects of autoimmune disease 
but also entail the use of appropriate T or B-cell specific 
immunosuppressive procedures. In the case of the OS, this 
point has already been substantiated by suppressing the 
spontaneous autoimmune thyroiditis with anti-bursa cell! or 
anti-immunoglobulin sera (G.W., B.A. and W. Johnson, 
unpublished). That this concept may also be true for human 
autoimmune diseases was confirmed in recent studies by 
Chused eż al." who demonstrated a significant increase of B 
cells in Sjögrens syndrome. 

This work was supported by the Austrian Research Coun- 
cil and the Austrian Cancer Research Fund. 
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Reversal of immunological tolerance 
by cyclophosphamide through inhibition of 
suppressor cell activity 


Ir has been shown in mice that specific immunological 
unresponsiveness to contact sensitisation with picryl 
chloride induced by pretreatment with picryl sulphonic acid 
is a positive phenomenon rather than an absence of specific 
immunocompetent cells’. In this system it was shown that 
transfer of lymph node cells from unresponsive to normal 
mice would limit the recipients’ contact sensitivity response 
to picryl chloride and that these cells had characteristics 
Suggesting that they were T as opposed to B cells, We 
should like to report that a similar state of unresponsiveness 
to the dinitrophenyl group in guinea pigs can be broken 
by treatment with cyclophosphamide (CY) just before 
sensitisation and this is associated with the return of the 
ability, of T cells to proliferate in the draining lymph 
node as part of the immune response. 

The uinea pigs used were of the outbred white spotted 
Himalayan strain (400-450 g). Tolerance was induced by 
two intravenous injections of 500 mg kg™! dinitrobenzene- 


ai 


Nature Vol. 249 June 14 1974 655 


Table i Reversal of tolerance to,dinitrophenyl hapten by cyclophosphamide 





Experimental protocol Mean skin reactivity PCA titre* 
Time after 
sensitisation (d) i4 28 56 70 
i SOSO, DNFB (CFA) 0 (6) 0 (6) 0 (6) 0 (6) 
2 SO,-SO,;, CY (3d) DNFB (CFA) 1.25 (6) 1.0 (5) 1.0 (5) 1:22 (6) 
3 SOSO, CY (14d) DNFB (CFA) O (6) 0 (6) 1:7 (6) 
4 DNFB (CFA) 1.9 (6) 1:30 (7) 
5 $0,-SO,; DNCB (contact) 0 (6) QO (6) 0 (6) 
6 SOSO, CY G d) DNGB (contact) L1 (5) 0.5 (5) 0.75 (4) 
7 DNCB (contact) 1.3 (8) 


t 21 d after sensitisation. 

SO;-SO, indicates DNBSO, given at intervals of 14 d. In experiments I, 2, 5 and 6 sensitisation was with DNFB in CFA or contact with 
DNCB 14 dafter the last dose of DNBSO ,. In experiments 2 and 6 sensitisation was preceded by CY, 3 d previously. In experiment 3 sensitisation 
was with DNFB in CFA 28 d after the last dose of DNBSO, and was preceded by CY, 14d previously. The figures in parentheses refer to the 

number of animals in each experiment. 


sulphonic acid sodium salt (DNBSOs) with an interval of 14 
d, the last dose being 14 or 28 d before an attempt at sensi- 
tisation with 500 ug of 2, 4-dinitrofluorobenzene (DNFB) in 
complete Freund’s adjuvant (Difco) (CFA) or contact with 
50% 2, 4-dinitrochlorobenzene (DNCB) in acetone on the 
ear. Sensitivity was tested by contact with 0.09, 0.05 and 
0.03% DNCB in acetone on the flank. The intensity of skin 
reactions was assessed 24 h later as described previously’. 
Animals were injected intraperitoneally with 250 mg kg“! 
CY either 3 or 14 d before sensitisation. Antidinitrophenyl 
antibodies were detected three weeks after sensitisation by 
passive cutaneous anaphylaxis’. Auricular lymph nodes 
draining the site of application of a sensitising dose 
of DNCB 4 d previously were examined for immunoblast 
(large pyroninophilic cell) proliferation in paracortical areas 
by counting the number ,of these cells in a microscopic 
field of diameter 450 um. At least 10 lymph nodes were 
examined in each group. 

Table 1 shows that CY ‘given 3 d before sensitisation, 
14 d after the last dose of DNBSO; effectively reverses 
the unresponsiveness of guinea pigs to DNFB or DNCB. 
Reversal of unresponsiveness was found both with con- 
tact sensitivity (a cell-mediated immune phenomenon) and 
in the production of humoral antibodies detectable by PCA. 
Reversal of unresponsiveness in contact sensitivity per- 
sisted beyond 70 d after immunisation and therefore was 
not a temporary phenomenon. But if sensitisation was not 
attempted until 14 d after CY, no reversal of tolerance 
could be detected in contact sensitisation although low 
titres of PCA antibody were produced. This would indicate 
that sensitisation had to be within a limited period after 
CY to be fully effective. 

A comparison of the effect of these various measures on 
T-cell proliferation in the lymph node draining the site 
of sensitisation is shown in Table 2. It can be seen that the 
development of unresponsiveness by treatment with 
DNBSOQ; is associated with an eight-fold reduction in the 
number of immunoblasts seen 4 d after sensitisation with 
DNCB. Treatment of these DNCB unresponsive animals 
with CY 3 d before sensitisation was associated with a 
four-fold rise in the number of immunoblasts to the level 
found in control animals given CY 3 d before sensitisation. 


But if sensitisation was delayed to 14 d after CY, the level 


of immunoblasts in the draining node did not return to 
even half the level found in control animals sensitised 14 d 
after CY, which had not been previously made unresponsive 


with DNBSO;. These findings seem to paralle] the peri- 


pheral manifestations of the immune response. The return 
of ability of unresponsive animals to react is associated 
with a reversal of the depression of the ability of T cells 
to proliferate in the draining lymph nodes following sensitis- 
ation. The failure to show reversal of unresponsiveness if 
sensitisation is delayed 14 d after CY Correspoftds with 
an inability to obtain a level of immunoblast proliferation 
nearer to that found in control sensitised animals. 


The increased proliferation of T cells in tolerant animals 
treated with CY just before sensitisation cannot be simply 
a rebound phenomenon, since in normally sensitised ani- 
mals pretreatment with CY results in a significant decrease 
in immunoblasts in the draining node. 

The preferential inhibition of suppressor cell activity 
by CY has been demonstrated previously in normal immune 
responses. These include contact sensitivity and the Jones- 
Mote type of delayed hypersensitivity in the guinea pig’ 
Cyclophosphamide seems to act on immunological mechan- 
isms by depressing B lymphocytes in preference to T lym- 
phocytes and is selectively cytotoxic to those cells which 
are short lived and have a more rapid rate of turnover in 
peripheral lymphoid tissues*-". These changes have been 
demonstrated both histologically and by the use of tech- 
niques to detect the @ antigen on lymphocytes on the 
mouse as well as by labelling studies using “IUDR and 
5Cr. As it can be reversed by treatment with CY, specific 
immunological tolerance might be considered to be the 
result of active suppression of the ability of T cells to 
proliferate in lymphoid tissue. These observations also 
indicate that, in this model, active suppression of T-cell 
function is on the afferent rather than the efferent side of 
the immune arc. Moreover we have observed that tolerance 
to DNCB can be reversed in syngeneic animals by trans- 
fusion of cells from actively sensitised donors. This Is a 
further indication that suppression does not occur on the 
efferent side of the arc". The finding that CY reverses 
tolerance if animals are sensitised 3 d later effectively 
exchides the role of enhancing antibody or circulating 
immune complexes in this system, as antibody levels would 
not be significantly reduced such a short time after 
treatment. 

It seems therefore that CY has a preferential action on 
clones of suppressor cells, releasing effector cells for prolif- 
eration in cell-mediated immunity and in antibody pro- 
duction. Our results also show that suppressor cells can 
regenerate within 2 weeks of CY treatment, so that 
sensitisation by DNFB at this time fails. In spite of previous 
observations that CY acts preferentially on B rather than 


Table 2 Cytology of lymph nodes draining site of application of 


50% DNCB 4 d previously 


Immunoblasts 
in paracortical area field* 
450 um diameter 


Experimental protocol 


i SOSO, DNCB 24.54 9.9 
2 SOSO, CY (3d) DNCB 108 +48 
3 SO,-SO, CY (14d) DNCB 64.5-+29 
4 GY (3d) DNCB 134 +46 
5 CY (14d) DNCB 169 +59.4 
6 DNCB 194 +57 





* Arithmetical mean + s.d. 
Significance of differences 1+2, P<0.001; 2+4, P: no significant 
difference; 3-++5 P<0.001 ; 44-6, P:0.01 > P>0. 002. 
e Notation of experimental protocol i is as in Table 1. 
@ 
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T cells, our present observations do not exclude a role 
for short lived rapidly proliferating suppressor T cells that 
might be affected by CY in the same way as B cells and 
differently from effector T cells, At present one cannot 
say whether in this system the suppressor cells belong 
to a T or a B cell population. 

A similar reversal of homograft tolerance has .been 
described following irradiation in mice”. But in this and 
other reports the effect can only be obtained in weak or 
already terminating states of tolerance”. 

In conclusion we suggest that CY can break’ immuno- 
logical tolerance by inhibition of a population of suppressor 
cells that effectively prevent T-cell proliferation in the 
draining lymphoid tissue and thus prevent the release of 
specifically sensitised cells into the periphery. Whether 
these suppressor cells act by preventing antigenic recog- 
nition or sy direct inhibition of the proliferative phase 
of the immune response has not as yet been determined. 


L. POLAK 
Department of Experimental Medicine, 
F. Hoffmann-La Roche & Co. Ltd, 
CH-4002 Basel, Switzerland 


J. L. TURK 
Department of Pathology, | 
Royal College of Surgeons of England, 
Lincoln’s Inn Fields, 
London WC2A 3PN, UK 


Received February 20; revised March 27, 1974. 


1 Asherson, G. L., Zembala, M., and Barnes, R. M. R., Clin. 
exp. Immun., 9, 111 (1971). 

2? Zembala, M., and Asherson, G. L., Nature, 244, 227 (1973). 

3? Frey, J. R., de Weck, A. L., and Geleick, H., J. invest. Derm., 
42, 41 (1964). 

4 aoa Frey, J. R., and Turk, J. L., Immunology, 25, 451 

’ § Turk, J. L., Parker, D., and Poulter, L. W., Immunology, 23, 
493 (1972). 

6 Turk, J. L., and Parker, D., Immunology, 24, 751 (1973). 

7 Katz, S. I., Parker, D., Sommer, G., and Turk, J. L., Nature, 
248, 612 (1974). 

: 97 A L., and Poulter, L. W., Clin. exp. Immun., 10, 285 

$ Eoo L. W., and Turk, J. L., Nature new Biol., 238, 17 

10 Bins L., and Poulter, L. W., Int. Arch. Allergy, 43, 620 

n Polak, L., Geleick, H. and Frey, J. R., Monogr. Allergy, 8, 
168 (1974). 

12 Mäkelä, O., and Nossal, G. Z. V.. J. Immun., 88, 613 (1962). 

3 Hraba, T., Monogr. Allergy, 3, 66 (1968). 





Augmentation of 

lymphocyte reactivity in guinea pigs, mice, 
monkeys and humans sensitised to BCG, 
dinitrochlorobenzene or nitrogen mustard 


NOnsPECIFIC augmentation of tumour immunity has been 
achieved through the use of Bacillus Calmette-Guérin (BCG), 
Corynebacterium paryum, Toxoplasma gondii, Besnoitia jellisoni 
and other intracellular parasitest*. Nonliving preparations, 
such as cell walis from BCG, also cause nonspecific augmenta- 
tion of tumour immunity®. The mechanisms underlying these 
effects are not clear. It has been postulated that amplification 
of macrophage or reticuloendothelial function is fesponsible for 
the enhancement of tumour immunity by these aBents. In the 
mouse, BCG causes a change in the rate of activation of 
macrophages, as well as a change in their lysosomal content and 
bacteriolytic power®?. Jn the guinea pig, there is an initial 
granulomatous reaction at the BCG inoculation site, followed 
& 
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by a peripheral histocyte-mediated destruction of tumour 
cells’. We have now examined the effect of intradermal BCG on 
the ‘specific’ and ‘nonspecific’ responsiveness of circulating 
lymphocytes. We also investigated the ability of two chemical 
agents to produce similar or additive effects. 

Strain 2 guinea pigs were inoculated intradermally with 
either BCG or dinitrochlorobenzene (DNCB), or nitrogen 
mustard, or all three of these agents. Each agent produced a 
local delayed hypersensitivity reaction. BCG was given as an 
0.1 ml inoculation of Mycobacterium bovis vaccine (Research 
Foundation, Chicago, Illinois). DNCB was given as an 0.1 ml 
intradermal inoculation containing 2,000 pg dissolved in 
acetone. Nitrogen mustard was administered as an 0.1 ml 
intradermal inoculation. of 100 pg of- Mustargen (Merck, 
Sharpe and Dohme) in physiological saline. Animals that 
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Fig. 1 Effect of primary DNCB exposure on lymphocyte 
responsiveness to PHA in 13 patients 


received all three agents received three separate intradermal 
inoculations. 

Six weeks later, blood was drawn by cardiac puncture and 
lymphocytes were separated on Ficoll-Hypaque gradients and 
tested for reactivity against phytohaemagglutinin (PHA) and 
tuberculin purified protein derivative (PPD) using a microtech- 
nique®. Two hundred thousand lymphocytes per well were 
incubated in a Falcon Microtest plate for 48 h with 10 ug of 
PHA or PPD, followed by a 24 h incubation with 2 uCi of H- 
thymidine, and then liquid scintillation counting of the d.p.m. 
of the *H-thymidine taken up by cellular DNA. The same assay 
was used to test guinea pig, monkey and human circulating | 
lymphocytes. Slightly different conditions were used to test 
mice, since lymphocytes were of splenic origin, and were 
incubated with PHA for shorter periods’. 

Table 1 shows a typical experiment in which guinea pigs 
treated with BCG had a higher responsiveness to PHA than did 
guinea pigs not treated with BCG. The same is true for reac- 
tivity against PPD. Pigs treated with a combination of BCG. 
DNCB and nitrogen mustard had the highest reactivities to 
PHA and PPD. Other studies showed that intradermal DNCB 
or nitrogen mustard alone also increased PHA responsiveness, 
Similarly? in mice, increased PHA reactivity of lymphocytes was 
observed in animals tnoculated subcutaneously 10 d previously 
with 1,000-2,000 pg of DNCB. 
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Table 1 Effect of intradermal BCG, DNCB and nitrogen mustard on guinea pig lymphocyte stimulation by PHA and PPD 


3H-Thymidine (d.p.m.) 


Stimulation index of 
circulating lymphocytes 
PHA PPD 


Sensitisation Media PHA PPD 
Nothing 3,478 + 428 4,869 + 308 2,670 + 74 1.4 0.8 
BCG 3,769 + 726 11,852 + 1,845 6,834 + 1,300 3.1 1.8 
BCG, DNCB and nitrogen mustard 4,774 + 1,282 17,023 + 832 11,385 + 3,797 3.6 2.4 





The possibility of enhancement by DNCB and nitrogen 
mustard of BCG induced-lymphocyte responsiveness was then 
examined in seven rhesus monkeys. Two monkeys had received 
no previous BCG and were PPD negative. Five monkeys had 


. been inoculated intradermally with 10° viable BCG crganisms 


every 2 to 3 weeks for 4 months. On repeated skin testing with 
second strength PPD, two of the latter five had developed a 
positive PPD reaction, and two were negative to intradermal 
PPD in spite of repeated BCG administration. Blood lympho- 
cytes from all these animals were tested for PHA and PPD 
reactivity (Table 2). 


responsiveness after the first exposure to DNCB. The average 
stimulation index 4 weeks after primary sensitisation was less 
than the average value before sensitisation. This may be due 
to an undershoot following the peak stimulation, or may 
reflect a lack of stability in this population of cancer patients, 
several of whom underwent surgery, radioisotopic scans or 
other diagnostic procedures during the interval of study. These 
factors are being evaluated. Patients exposed a sec6nd time to 
DNCB also showed enhancement of PHA responsiveness. 
Our studies support the conclusion that agents that produce a 
delayed hypersensitivity reaction increase PHA responsiveness 





Table 2 Effect of BCG treatment on monkey lymphocyte stimulation by PHA and PPD 


Monkey no. BCG treatment 
every 2-3 weeks 
x 4 months 
50 No 
605 ~ No 
248 Yes 
922 Yes 
676 Yes 
730 Yes 
708 l Yes 


Skin reactivity Stimulation index of 


to PPD circulating lymphocytes 
HA PD 
Neg. 6.0 0.86 
Neg. 8.2 1, 
Neg. 21.3 6.0 
Neg. 33.0 4.0 
T 18.0 7.3 
Pos. 8.5 4.3 
Pos. 14.1 19.0 





As expected, the PPD stimulation index was lowest in 


‘monkeys receiving no BCG (0.86-1.6), and considerably higher 


in treated monkeys (4.0-19.0). As was true in other species, the 
PHA reactivity was also enhanced by BCG, varying from 8.5 to 
33.0, compared with 6.0 and 8.2 in the two control monkeys. 
Four of the monkeys were then randomly chosen for intra- 
dermal inoculation with 0.2 ml of DNCB and 0.2 ml of nitrogen 
mustard. The preparations were the same as described above 
for the guinea pigs. When blood lymphocytes were tested 1 week 
later, there was an average increase of 106% in the PHA stimu- 
lation index and 221% in the PPD stimulation index. In two 
animals not treated. with DNCB and nitrogen mustard, the 
average PHA and PPD ‘stimulation indices fell 11% and 24% 
respectively. These data are summarised in Table 3. 


of the host’s circulating lymphocytes. This enhancement of 
peripheral lymphocyte reactivity may be a primary pathway by 
which BCG is effective in tumour immunotherapy. As in some 
forms of chemotherapy, the combination of agents seems more 
effective than either agent alone. The application of this 
observation to immunotherapy and tumour-specific immunity 
is being examined. 

During immunological monitoring the effect of one test on 
the results of another should be considered, as well as the effect 
of the test on the patient’s immune status. Reactivity to DNCB 
has been found to be a favourable prognostic sign in patients 
undergoing surgery for malignancy". It is also conceivable that 
the nonspecific stimulation of circulating lymphocytes produced 
by DNCB sensitisation has some adjunctive therapeutic value 





Table 3 Effect of DNCB and nitrogen mustard on BCG-induced enhancement of lymphocyte responsiveness 





Monkey no. DNCB and Stimulation index % Change in stimulation index 
nitrogen mustard A PPD PHA 

730 No 3.4 2.5 — 60% ~~ 42% 
605 No 11.4 is + 39% — 6% 
248 Yes 84.0 41.3 + 300% + 583% 
708 Yes 27.3 10.0 + 93% — 47% 
922 Yes 26.7 9.8 — 19° + 145% 
676 Yes © X4 22 l + 51% + 203% 

In the final monkey experiment, three monkeys (Nos 708, Max H. COHEN 
922 and 676) which had previously received BCG, DNCB and PAUL B. CHRETIEN 
nitrogen mustard were given all three agents again. Their EDWARD L. FELIX 
average PHA stimulation index 1 week later was 63, represent- Berry C. Loyp 
ing average increases of 133% over the immediately previous ALFRED S. KETCHAM 
values and 190% over the initial values. The largest increase of 
the three was in monkey 708, which was the only PPD positive e pie Distitüte 
animal in that subgroup. . ý 

In patients with or without previous BCG treatment, we have : LELAND A. ALBRIGHT 

° AYUB K. OMMAYA 


observed that topical application of 2,000 ug of DNCB increases 
PHA reactivity of circulating lymphocytes. The data from 13 
patients with melanoma, sarcoma and adenocarcinoma are 
presented in Fig. 1. Although no patient was tested, at every 
point, the composite of all the values shows a doubling of PHA 


ee 
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Transplantation of allogeneic 
lymphoid cells specifically depleted of graft 
versus host reactive cells 


GRAFT versus host (GvH) disease has been a major problem in 
the transplantation of allogeneic haematopoietic or immuno- 
competent lymphoid cells. In man, attempts to reduce the GvH. 
effect of transplanted allogeneic cells, including HL-A match- 
ing'**, cell separation techniques*, anti-lymphocyte globulin‘, 
and injection of small doses of bone marrow cells®, have aided 
successful bone marrow transplantation. Various techniques 
have been used in animal systems®" to reduce the GvH 
reaction by removing reactive cells from populations of lym- 
phoid cells. So far, however, there has been no attempt to 
assess the potential value of such specifically depleted cells in 
transplantation. 

Recently we have shown that one of these techniques, 
adsorption of immune cytotoxic thymus-derived (T) cells onto 
monolayers of target cells bearing the sensitising antigens, is 
greatly improved by centrifugation!®, thus giving 70-90% 
depletion of cytotoxic cells.. These results encouraged us to 
apply this fractionation technique to deplete nonimmune 
lymphoid precursor cells carrying surface receptors for mouse 
alloantigens. We have now found that normal BALB/c (H-2°) 
spleen cells can be depleted specifically of GvH reactive cells 
(against histoincompatible C57BL/6 (H~—2°) alloantigens), and 
that lethally irradiated C57BL/6 mice transplanted with the 
fractionated BALB/c allogeneic ue survive with no apparent 
signs of GvH disease. 

Fractionation of normal BALB/c spleen cells on C57BL/6 
spleen cell monolayers abolished their capacity to become 
sensitised in vivo against C57BL/6 alloantigens as measured 
in vitro by the “Cr release assay using EL-4 (H-2°) labelled 
target cells (Table 1). The specificity of the adsorption was 
investigated using monolayers prepared with antigenically 
unrelated cells. BALB/c spleen cells which had been adsorbed 
on either BALB/c or SJL/J (H-25) monolayers or on empty 
dishes (not shown) retain the ability to become sensitised 
against C57BL/6 and elicit cell-mediated cytotoxicity (CMC) 
. in vitro (Table 1, experiment 2). These results are consistent 
with the concept that precursor cells for CMC, known to be T 
celis}517-18 possess receptors on their surface which can recog- 
nise and bind specifically to the corresponding cell surface 
antigens. 

We next investigated whether the fractionated spleen cells can 
reconstitute lethally irradiated allogeneic recipients in the absence 
of developing fatal GvH disease. CS7BL/6 mice injected with: (1) 
unfractionated BALB/c spleen cells; (2) BALB/c spleen cells 
adsorbed either on BALB/c or on SJL/J spleen cell BALB/c 
monolayers, and(3) spleen cells adsorbed onempfy plastic dishes, 
all developed GvH disease characterised by runtfng, and died 
within 2—4 weeks of inoculation. On the other hand, about 70% 
of the CS7BL/6 mice that received 4-6 x 107 BALB/c spleen 
cells adsorbed on CS7BL/6 monolayers survived more than 
‘6 months with no signs of disease (Table 2). Control lethally 
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Table 1 Failure of in vivo sensitisation of BALB/c spleen cells 
adsorbed onto C57BL/6 spleen cell monolayer 





Experiment No. of Spleen cell Cell-mediated cytotoxicity 

BALB/c monolayer at effector target ratio of 

donor used for 
cells adsorption 100:1 25:1 

ji 6 x 10 None 45.8 + 0.9 39.5 +1:6 
C57BL/6 —0.2 + 0.4 —0.06 + 0.01 

2 5 x 10 None 30.0 + 0.04 23.2+ 1.8 
C57BL/6 (H-2°) 1440.04 0.02+0.6. 

BALB/c (H-2°) 29.240.8 15.2 + 1.4 

SJL/J (H-25) 25.2 + 0.4 21.9 + 2.4 

None —— —0.8 + 0.27 —1.63 + 0.4 





Donor cells from 10- 12-week-old male BALB/c mice were teased and 
a cell suspension was prepared in Eagle’s minimal esseritial medium 
(MEM). Various numbers of fractionated or unfractionated lym- 
phoid cells were injected intravenously into lethally irradiated 
(750-800 r., using a Co source, 35 r. min!) male C57BL/6 mice of 
the same age. The mice were irradiated 2 h before inoculation and 
injected intraperitoneally with heparin (50 U) 15 min before cell 
administration. Antibiotics were included in the drinking water for 
the first 3 weeks after inoculation. Six (experiment 1) or 7 d (experi- 
ment 2) after inoculation mice were killed and their spleens were 
tested in vitro for cell-mediated cytotoxicity against ®4Cr-labelled 
EL-4 (H-2°) target cells as described before'*. Spleen cell monolayers 
used for adsorption were prepared by the technique described by 
Stulting and Berke™, using poly-L-lysine (Sigma)-coated polystyrene 
Petri dishes (60 x 15 mm, Falcon No. 3002). Briefly, 8 x [07 to 
10 x 107 (2 ml) spleen cell leukocytes suspended either in Dulbecco’s 
phosphate-buffered saline (PBS) or in RPMI 1640 medium were 
added to each plate. The plates were incubated at room temperature 
for 45 min and then washed thoroughly with PBS, Adsorption was 
performed as described before. 2 x 107 (2 ml) BALB/c spleen cells 


were added to each monolayer and incubated at 37° C for 45 min in a ` 


humidified atmosphere of 5% CO, and 95% air. The plates were 
then centrifuged at 80g for 5 min at 24° C in a PR-J (IEC) centrifuge 
using rotor No. 259 (IEC) and cups No. 384 (GEC). The nonadherent 
cells were collected after a brief agitation, washed once in. MEM, 

counted, and used for inoculation. Cell-mediated cytotoxicity was 
measured essentially as described before!®: 0. ml containing 2.5 x 
10? 'Cr-EL-4 cells in MEM. + 10% foetal calf serum was mixed with 
0.2 mi containing the appropriate number of spleen lymphocytes to 
yield the desired effector to target cell ratio. The cell mixtures were 
incubated at 37° C in a humidified atmosphere of 5% CO, and 95% 
air for 3h ona rocking platform. After incubation, | ml of medium 
was‘ added, the cells were centrifuged at 400g for 10 min, and the 
supernatant was counted for radioactivity. The results are expressed 
In Specific percentage lysis + s.e. and represent the mean of tests run 
in triplicate. The percentage specific lysis was calculated as follows: 


Test counts—backgroutid counts w 
Total releasable counts—background counts 
where background counts were released in the presence of normal 


spleen and total releasable counts represent approximately 80% of 
total counts. 


irradiated SJL/J mice injected with 4 x 10° BALB/c splenocytes 
either unfractionated or depleted on C57BL/6 monolayer all 
died within 3 weeks (not shown). 

At first, we thought that the fractionated BALB/c spleen 
cells used to inoculate the irradiated C57BL/6 mice could have 
been contaminated with C57BL/6 cells eluted off the mono- 
layers during the adsorption procedure, so that the syngeneic 
C57BL/6 cells were actually responsible for protection and 
survival of the irradiated mice. This was ruled out as follows. 


' Elution of C57BL/6 cells from the monolayers was estimated 


not to exceed 1.5 x 10® cells, or roughly 10% of the BALB/c 
spleen cells recovered from each monolayer. Mice inoculated 
with a mixture of 5 x 10’ unadsorbed BALB/c cells and 5 x 108 
C57BL/6 spleen cells (Table 2, experiment 2) all died, as did 
control mice inoculated with 5 x 107 unadsorbed BALB/c 
spleen cells. Moreover, BALB/c spleen cells fractionated on 
mitomycin C-treated (40 pg m1~! containing 5 x 107 lympho- 
cytes for 30 min at 37°C) CS57BL/6 spleen cell monolayers could 
also reconstitute irradiated C57BL/6 mice. 

The ‘mice that survived the allogeneic transplant of frac- 
tionatede cells wete examined 30 d later for lymphoid cell 
chimaerism by complement-dependent cytotoxic assays using 
specific allogeneic antisera. The spleens were composed predomi- 
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Table 2 Survival of lethally irradiated C57BL/6 mice inoculated 
with fractionated allogeneic BALB/c spleen cells 


Experiment No, of Spleen cell No. of mice alive* 
donor cells used for 
adsorption 
1 None None 0/10 
2x 10° None 0/10 
4 x 107 None 0/10 
2x 107 C57BL/6 5/9 
4x 10? C56BL/6 7/10 
6 x 107 C57BL/6 3/4 
2 5 x 10? None 0/5 
5 x 10 BALB/c 0/5 
5 x 107 SJL/J 1/6 
5 x 10? BALB/c + None 0/5 
5 x 10° CS7BL/6 
5 x 107 C57BL/6 4/6 





* These results were derived 120 d after inoculation. A few 
animals died 1-5 d after inoculation and were omitted from the group. 


nantly of host lymphoid cells (Table 3). These results, however, 
were not unexpected, for spleen cells have been considered to be 
a poor source of stem cells. The exact mechanism by which the 
animals remain alive is not known. Donor allogeneic spleen 
cells, incapable of triggering a GvH reaction, may serve as 
transient cells and help the host to recover from the immediate 
effects of irradiation. 

These experiments show that: first, fractionated allogeneic 
spleen cells inoculated into lethally irradiated recipients permit 
the host to recover from the combined fatal effects of irradiation 
and GvH disease; and second, a specific compartment of 
immunocompetent GvH reactive cells can be depleted from a 


normal spleen lymphoid cell preparation by adsorption on 


allogeneic cell monolayers. Previous failures to demonstrate 


Table 3 Origin of spleen lymphoid cells obtained from irradiated 
CS7BL/6 mice that survived allogeneic spleen cell transplants* 


% Dead cellst 


Treatment Normal Normal Recon- 

CS57BL/6 BALB/c stituted 

spleen spleen spleen 
Complement alone 15 15 15 
Anti-BALB/c serum (1:10) [5 15 15 
Anti-BALB/c serum (1:10) 15 85 20 

+ complement (1:5) 

Anti-C57BL/6 serum (1:10) 15 15 15 
Anti-C57BL/6 serum (1:10) 70 15 65 


+ complement (1:5) 


* This group of mice was killed 30 d after inoculation of BALB/c 
spleen cells fractionated on C57BL/6 spleen cell monolayers. 

ft The values represent the percentage of lymphoid cells killed in a 
complement-mediated cytotoxic assay as determined by the trypan 
blue (0.2%) dye exclusion technique. Fresh rabbit serum was the 
source of complement after being absorbed with normal BALB/c and 
CS7BL/6 spleen cells (2 volumes of serum + I volume of cells at 4° C 
for | h). Anti-BALB/c and anti-C57BL/6 sera were prepared in 
C57BL/6 and BALB/c mice, respectively, by three biweekly injections 
of 2 x 10% spleen cells. The spleen cells used in the cytotoxic assays 
were treated first with ammonium chloride (0.14 M) in Tris buffer to 
remove red blood cells. Spleen cells (3 x (0°, 0.1 ml) were incubated 
with 0.1 ml of antiserum for 30 min at 24° C, then 0.1 ml complement 
was added and the mixture was incubated for a further 30 min at 
37°C. 
depletion of T helper cell!® or of GvH reactive cells from 
sensitised?” or nonsensitised*! cells may have been due to 
technical problems and not to the absence of antigen-binding 
receptors on the precursor cells. It seems likely that the centrifu- 
gation step used by us in the adsorption process allows firm 
binding of the receptor-bearing cells to the membrane antigens. 
Our results indicate that unsensitised precursor cells carry 
antigen-binding receptors on their surface, and agree with the 
findings of Lonai ez a/?* and Altman er al’. We believe that 
the techniques used in our study could be applied? in bone 
marrow transplantation, immunodeficiency diseases, and the 
immunotherapy of cancer. 
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Subunit complex HI-IV as the 


nucleotide binding site of Q; replicase 

Or the four subunits of Qs replicase, I, II and IV are bacterial 
proteins and II is coded for by the phage genome?:*. Among 
host-derived subunits, I is identified as factor i, a protein which 
controls cistron-specific translation in Escherichia coli**, and 
lil and IV are identified as protein synthesis elongation factors, 
EFTu and EFTs (ref. 5), respectively. 

Several lines of evidence indicate that EFTu and EFTu-EFTs 
interact with GDP or GTP (refs 5-8) and that EFTs stimulates 
the exchange of GDP bound to EFTu with unbound GTP 
(refs 9-12), but does not interact with these nucleotides. It has 
not been known whether EFTu and EFTs in the Qp replicase 
perform functions analogous to those in protein synthesis. 

Recent work in our laboratories (ref. 13 and unpublished 
results) has shown that GTP binding to EFTu-EFTs from 
E. coli HAK 88, a mutant with ,altered EFTs (ref. 14), is 
thermolabile and that this is also the.case for Qs, replicase 
formed in infected cells. These results support the suggestion 
that subunit complex III-IV is concerned with nucleotide 
binding, or at*least GTP binding. 

I report Rere results concerning the nucleotide-binding site 
of Q, replicase, which indicate that subunit complex I[J-IV 
can account for the ability of the enzyme to bind all four 
nucleotides, whereas I-II cannot, and that there are two 
distinct nucleotide-binding sites on the enzyme and its subunit 
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Fig. 1 Sedimentation pattern of Q, replicase subunits carrying 
enzyme activity and GTP binding ability. Qps replicase was 
purified as described previously'®. The glycerol density gradient 
fraction with a specific activity of 5,500 U mg“ protein was used 
and revealed only four bands corresponding to the enzyme 
subunits I, U, HI and IY}? using sodium dodecyl sulphate (SDS)- 
polyacrylamide gel electrophoresis’’. Qg replicase (200 U) was 
dissociated into its subunit complexes I-I and II-IV by dialysis 
for 4 h at 0° C against a buffer containing 0.01M Tris HC! 
(pH 7.6), | mM Mg acetate, 2 x 107 M EDTA, 1 x 107M 
dithiothreito] and 5% glycerol. The dialysate was centrifuged 
on 5 ml of 10-30% glycerol density gradient made up in the 
same buffer for 17 h at 37,000 r.p.m. at 6°C in the RPS—40 
rotor of Hitachi ultracentrifuge 55P-2. A fraction (0.15 ml) was 
collected from the bottom of the tube and aliquots were used 
for analysis of enzyme components by SDS-polyacrylamide 
gel electrophoresis”, determination of protein concentration}, 
Qs replicase assay (O) with poly(C) as template? and 
5H-GTP-—binding (@). The reaction mixtures for the GTP- 
binding assay contained in 0.25 ml: 25 umol Tris HCl 
(pH 7.6), 2.5 umol MgCl, | pmol 2-mercaptoethanol, 
0.22 pCi 3H-GTP (12 Ci mmol) and enzyme components 
from the gradient. After incubation for 20 min at 30° C, the 
reaction mixture was passed with gentle suction through a 
nitrocellulose membrane filter (Sartorius MF 50, 0.45 um, 
12 mm) presoaked in a buffer containing 0.1M Tris HC! 
(pH_ 7.6), 0.01M MgCl, 0.025M NaCi and 4 x 10* M 
2—mercaptoethano! and washed with 0.25 ml of the same 
buffer. The SDS-polyacrylamide gels (acrylamide 7.5% bis- 
acrylamide 0.2%, SDS 0.1%, sodium phosphate 0.1M, pH 7.5) 
were run for 3 h at 7.5 mA per gel, stained with Coomassie 
brilliant blue and destained". The gels were scanned at 600 nm 
in a Toyo DMU-2 scanner. a, Qg replicase and GTP-binding 
activities of fractions from the gradient; b, SDS-polyacrylamide 
gels of fractions from the gradient and the purified Qg replicase 
as reference. 


complex II-IV, one of which is GTP-specific and the other is 
probably common to nucleotides other than GTP or to all four. 

To examine the binding of nucleotides to Qg replicase and 
its subunit complexes I-II and III-IV, *H-nucleotide was 
incubated with protein, filtered through a nitrocellulose 
membrane filter and washed with a buffer as described in the 
legend to Fig. 1. 3H-radioactivity bound to the membrane filter 
was then measured as described previously*®. Qs, replicase was 
dissociated into subunit complexes I-I and III-IV as described 
by Kamen?. The two complexes were separated by centrifuga- 
tion on a glycerol density gradient (Fig. 1). Subunit complex 
I-II sedimented in fractions 4 to 14 and subunit complex I-IV 
in fractions 25 and 26 of the gradient; replicase activity, 
assayed with poly(C) as template, appeared in fractions 17 to 24 
with a main peak in fraction 20. . 

3H-GTP binding was also determined in an aliquot of each 
fraction of the gradient. Essentially no °H pþinding was 
observed with fractions 2 to 14. Binding, which was first seen 
in fraction 16, reached a maximum in fraction 26 and declined 
in subsequent fractions. Fraction 26 contained the largest 
quantity of the II-IV complex. 
bound per pg of protein in fraction 20 was about 40 % of that im 


The amount of *H-GTP © 
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fraction 26. The molecular weight of Qp replicase and its 
subunit complex HI-IV has been assumed to be 210,000 and 
80,000 (refs 1, 2), respectively, and I found that the amount of 
9H-GTP bound per molecule of protein was about the same for 
these two components. 

Binding of *H-GTP to Q, replicase and its subunit complexes 
I-II and HI-IV was also compared using various concentrations 
of protein and constant GTP (Fig. 2). The amount of *H-GTP 
bound increased linearly with increasing quantities of protein 
when the replicase or its subunit complex III~IV was used. The 
amount of 3H-GTP bound per mole of subunit compex I-IV 
was about 85% of the amount bound per mole of enzyme. 
On the contrary, there was no detectable binding of °3H-GTP 
when up to 5 pmol of subunit complex I-I] was added. 

Since no detectable protein, including replicase and its 
subunit complexes I-II and III-IV, pass through a membrane 
filter even in the presence of nucleoside triphosphates, it seems 
unlikely that they form a nucleotide-protein complex which 
could pass through the membrane. Further, since Qp replicase 
activity was reconstituted from subunit complexes I-II and 
HI-IY and from I-I] and EFTu—-EFTs of E. coli when incubated 
as described by Kamen?, subunit complex I-II does not seem 
to be inactivated during preparation and storage. Thus it is 
concluded that, unlike Qg replicase and its subunit complex 
IJJ-IV, subunit complex I-H cannot bind *H-GTP under the 
conditions used. | 


3H-GTP bound (c.p.m. x 1073) 





Protein udded (pmol) 


Fig. 2 Comparison of 7H-GTP-binding ability of Qg replicase 
and its subunit complexes l-l and IU-IY. The complexes were 
prepared as described in Fig. 1. 7H-GTP—binding was carried 
out as described in Fig. 1 with various quantities of the replicase 
(©), subunit complex 1-H (M) or subunit complex III-IV (@) 
and 0,22 pCi of 7H-GTP (12 Ci mmol"). The amount of protein 
added was calculated by assuming that the molecular weight of 
enzyme subunits’ 1, Il, [ILL and IV are 70,000, 65,000, 45,000 
and 35,000 (ref. 2), respectively, and that one molecule of 
enzyme, subunit complexes I-I and IIl-1V consist of one 
molecule each of their respective components. 


bar 


i 


- Protein concentration was calculated as described in 
‘purity of *H-nucleotides used was estimated to be 99% by paper 
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Fig. 3 The effect of PCMB on the binding of *H-nucleotides to 
Qs replicase and its subunit complex II-IV. Qp replicase and 
subunit complex HI-IV, previously dialysed against 0.05M 
. Tris HC1 (pH 7.6) containing 0.01M MgCl, and 20% glycerol 
were used. The nucleotide-binding assay was carried out for 
20 min at 25°C after preincubation of 4.5 pmol of the enzyme 
. (a) or 2,5 pmol of subunit complex HI-IV (b) with the indicated 
concentrations of PCMB for 10 min at 30° C. In these assays, 
0.46 pCi of °H-ATP (33 Ci mmol}, 0.35 uCi of 7H-CTP 
(30 Ci mmol), 0.15 pCi of *H-GTP (12 Ci mmol) or 
0.49 uCi of 7H-UTP (27 Ci mmol) was added to each tube. 
The amount of *H-nucleotide bound was measured as described 
_ in Fig. 1 and is given as the percentage of the nucleotide bound 
to enzyme or subunit complex in the absence of PCMB. The 
amounts of *H-labelled ATP, CTP, GTP and UTP bound to 
the contro] enzyme were 2,558, 2,449, 5,404 and 2,388 c.p.m., 
, respectively, and to the control subunit complex II-IV, 2,612, 
1,643, 2,821 and 2,825 c.p.m., respectively. @, °>H-ATP; 4, 
SH-CTP; O, 7H-GTP; O, *3H-UTP. 


To localise sites for other nucleotides, I have examined the 
binding of *H-ATP, CTP and UTP to these protein 
components. Each nucleotide reacted with subunit complex 
III-IV as well as with Qs replicase (Table 1), although, in either 
case, bindings of ATP, CTP and UTP were about one order of 
magnitude weaker than that of GTP. By contrast, significant 
binding with subunit complex I-II was not observed by either 
nucleotide-binding assay. These results support the idea that 
all four nucleotide-binding sites of Q, replicase are located in 
subunit complex HI-IV rather than I-H. The nucleotide- 
binding of complex IH—-IV seems to be somewhat low compared 


Table 1 Binding of *H-nucleotides to Qg replicase and its subunit 
complexes I-H and UI-IV 


3H-nucleotide 3H-nucleotides bound, pmol per pmol protein 


added pmol Y-IL-111-1V I-H HI-IV 
2.6 0.05 < 0.001 0.03 
3H-GTP a2 0.09 < 0.001 0.06 
13.2 0.18 0,001 0.16 
26.4 0.33 0.002 0.21 
13.2 0,04 < 0,001 0.03 
3H-ATP 26.4 0.06 < 0.001 0.05 
69.0 0.14 0.001 0.12 
139.0 0.29 0.001 0.21 
57.9 0.10 «0.001 0.06 
3H-CTP 116.0 0.17 < 0.001 0.11 
174,0 0,27 0.001 0.17 
17.9 0.04 < 0.001 0.02 
3H-UTP 89.0 0.16 < 0.001 0.12 
i 179.0 0.36 0.002 0.21 


Qs replicase and its subunit complexes I-II and I-IV were 
prepared as described in Fig. 1. The binding assay was carried out 
for 20 min at 30° C as described in Fig. 1 with 7H-ATP (33 Ci mmol”), 
sH-CTP (30 Ci mmol”), °H-GTP (12 Ci mmol") or *H-UTP 
(27 Ci mmol?) in the presence of 4.5 pmol of Qp replicase, 3.84 pmol 
of subunit complex I-II or 5.0 pmol of sukunit complex ae 
ig. e 


chromatography. 
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with those of Qg, replicase (Table 1), but can account for about 
70% of those of the enzyme. Thus, it seems that subunit 
complex III-IV needs to interact with other subunit(s) in order 
to function normally. 

In an attempt to obtain more information about the nucleo- 
tide binding site, the effect of the sulphydry! blocking reagent, 


p-chloromercuribenzoate (PCMB), on nucleotide-binding to 


the enzyme was examined. PCMB inhibits the enzyme com- 
pletely at a concentration of 1 x 10° M (ref. 19). About 70% 


‘ of 3H-GTP binding of the enzyme was blocked by 1 x 104 M 


PCMB, whereas the binding of °7H-ATP,CTP and UTP to the 
enzyme was insensitive to the reagent even at a concentration 
of 6 x 10% M (Fig. 3a). A similar correlation was observed 
with the effect of PCMB on nucleotide-binding to subunit 
complex IlI-IV (Fig: 3b). These results strongly suggest that 
there are two different types of nucleotide-binding sites on the 
enzyme and its subunit complex HI-IV; one of,which is a 
PCMB-sensitive site which is of the GTP specific and the 
other, a PCMB-insensitive site. This possibility is supported in 
part by evidence that neither ATP, CTP nor UTP interfere with 
the binding.of °H-GTP to subunit complex IH--IV5. At present 
it is still obscure whether the second type of binding site, or 
PCMB- insensitive site, is common to nucleotides other than 
GTP and whether PCMB-sensitive GTP binding site is involved, 
throughout all the processes, in Qg RNA replication. 

Using Qg replicase with a temperature-sensitive subunit IV, 
subunit IV has been found to be involved in an early stage of 
the RNA replication but not in RNA chain elongation when 
Qs RNA is the template (my unpublished results). Further- 
more, this protein was shown to stimulate specifically the 
binding of GTP to EFTu-GDP. It is more likely therefore 
that subunit III per se carries binding sites for all four ribu- 
nucleoside triphosphates, while subunit IV acts as an effector 
protein controlling the affinity of nucleotide-binding to the 
enzyme, particularly the binding of GTP, which is required for 
initiation of RNA synthesis*®. As Blumenthal er a/.° pointed 
out, it is possible that these components in Qg replicase also 
take part in a specific interaction with RNA in order to initiate 
replication since subunit complex I-IV can form complex 
with Qe RNA retainable on a membrane filter (unpublished 
observation). 
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Effect of ATP on release of intracellular 
enzymes from damaged cells 


THE use of serum enzyme measurements as aids to the 
diagnosis of disorders of the heart, liver and other organs 
is established practice in clinical laboratories everywhere, 
but little is known of the mechanisms whereby intracellular 
enzymes are discharged from damaged cells. In necrotic 
states, complete disruption of the cell will lead to release 
of its contents, but in reversible inflammatory states the 
cause of the increased membrane permeability remains 
obscure. 

In an attempt to devise a model for the study of the fac- 
tors affecting the liberation of intracellular enzymes, we 
recently described the effects of phospholipases A and C, 
on enzyme release in rat lymphocytes and human leuko- 
cytes!. In these experiments the porosity of the cell mem- 
brane was increased leading to the efflux of cytosolic, and 
` to a lesser extent mitochondrial, enzymes into the medium. 
We have now investigated the actions of a number of sub- 
stances which might protect the cell against the effects of 
phospholipases as judged by a reduction in the leakage of 
intracellular lactate dehydrogenase. One of these was adeno- 
sine triphosphate, ATP, and its effects are described here. 

Rat lymphocyte suspensions were prepared in Krebs- 
Ringer buffer solution (pH 7.4) containing glucose (8.3 
mmol 11) and were subjected to phospholipase A as previ- 
ously described!. The experiments were carried out in flasks 
which were gently shaken in the water-bath (37° C) of a 
Warburg apparatus. In parallel experiments, ATP was 
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Fig. 1 Effect of ATP (O) and ADP (@) on the leakage of 
lactate dehydrogenase from rat lymphocytes evoked by 
phospholipase A (50 mU ml~’). ° 
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incorporated into the reaction medium 10 min before the 
addition of the phospholipase. Incubation at 37° C was con- 
tinued for a further 30 min, after which samples were 
removed and centrifuged. Lactate dehydrogenase activities 
were determined in the supernatant and also in sonicated 
homogenates of the cell suspension to provide an estimate 
of the total activity. The spectrophotometric method of 
Wróblewski and LaDue’? with pyruvate as substrate was 
used in 25° C. 

The results shown in Fig. 1, indicate that at concentra- 
tions greater than 5 mmol 1, ATP reduces the amount of 
lactate dehydrogenase released from suspensions of rat 
lymphocytes as the result of the action of phospholipase A. 
No such effect was observed with ADP in similar concen- 
trations. The protective effect was proportional to the con- 
centration of ATP. In control preparations from which the 
phospholipase was omitted only small amounts of lactate 
dehydrogenase were released, and it was uncertain whether 


Table 1 Effect of ATP on the release of lactate dehydrogenase from 
rat lymphocytes 


ATP concentration No. of Enzyme activity lost from cells 
(mmol 14) experiments (% of control) 
Mean + s.d. Significance 
5 7 83 + 24.9 P <0.05 
10 J 74 + 21.6 P <0.005 
50 7 32 + 19.1 P <0.001 


Cells from different rats in each experiment were incubated for 

3 h at 37° C in Krebs-Ringer solution (pH 7.4). 
ATP exerted a protective effect in these also. We excluded 
the possibility that ATP had an inhibitory effect on lactate 
dehydrogenase by demonstrating comparable activities in 
homogenates containing and omitting ATP, and also by 
adding ATP to some of the samples during enzyme deter- 
mination. 

Similar effects were observed when the output of aspartate 
transaminase, malate dehydrogenase and glucose 6-phos- 
phate dehydrogenase activities was measured. 

A second series of experiments was carried out in which 
rat lymphocytes were incubated for 3 h at 37° C in the 
absence of phospholipase A. During this period the intra- 
cellular ATP concentration of a control preparation, deter- 
mined by the method of Adam’, declined from 1.75 mmol 
I~ at 30 min to <0.01 mmol |" after 3 h, and the release of 
lactate dehydrogenase increased from 15% to 67is.d. 16%. 
Incorporation of ATP into the medium led to significant 
reductions in the enzyme activity lost from the cells 
(Table 1). 

The protective effect ATP in physiologically relevant 
concentrations observed here is consistent with the view that 
maintenance of cell membrane integrity is associated 
in some way with the energy content of the cell. This 
indicates ‘that any condition which leads to a diminution 
of intracellular ATP is likely to result in leakage of en- 
zymes and other proteins. Such a relationship was suggested 
by Sweetin and Thomson‘ to explain their observation that 
human erythrocytes did not release significant amounts of 
enzymes until the cells had metabolised all the glucose in 
the medium. Our work provides experimental evidence in 
support of this suggestion. 

As well as acting as a reserve of energy, ATP may have a 
direct effect in maintaining the integrity of the cell mem- 
brane, as it is known to be concerned in the biosynthesis of 
phosphatidic acids®, intermediates in the synthesis of phos- 
pholipids, the main components of the membrane. The 
belief that ATP is almost exclusively an intracellular 
material and that it cannot enter the cell from extracellular 
fluids is difficult to reconcile with our findings. The pro- 
tective “ction may be associated with a direct effect on the 
cell membrane or*with the uptake of ATP from the medium. 
We point out that such a process has been observed in rat 
muscle by Chaudry and Gould’. 
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The concept that intracellular enzyme release is secon- 
dary to reduction in the ATP content of the cell provides 
an explanation for the efflux of aldolase from intact rat 
muscles in response to anoxia, deprivation of glucose and 
exposure to high potassium ion concentrations reported by 
Zierler’. Glucose is the primary source of ATP synthesis, 
anoxia leads to accumulation of NADH and failure of the 
tricarboxylic acid cycle and thus to the inhibition of ATP 
synthesis, while the high potassium concentration inter- 
feres with the action of the Na*/K* pump, the energy for 
which is provided by the hydrolysis of ATP by ATPase. 

Discharge of intracellular enzymes into the circulation 
occurs in tissue damage due to a variety of causes, such as 
virus infection, trauma, chemical toxicity, hypoxia, invasion 
by a malignant process and so on. The suggestion that fail- 
ure to synthesise ATP in adequate amounts may be a com- 
mon factor seems to merit further investigation. 
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Uptake of the neurotransmitter 
candidate glutamate by glia 


GLUTAMIC acid is the primary candidate for a role as an 
excitatory transmitter at synapses mediating the primary 
afferent pathway and cortical pathways in mammals’. 
Seeking to gain evidence for this, various laboratories have 
looked for a mechanism for the efficient removal of glutamic 
acid from the synaptic cleft. Following the paradigm of 
monoamine synapses, in which high affinity uptake systems 
apparently localised in the presynaptic membrane remove 
transmitter after its action at the postsynaptic membrane’, 
high affinity uptake systems for glutamate removal have been 
sought. Logan and Snyder’ described a high affinity transport 
system for glutamate in a synaptosomal preparation, and 
postulated that it might serve to localise glutamate-mediated 
synapses. Recent evidence has suggested that the transport 
systems involved in the removal of putative amino acid 
transmitters from the synaptic cleft are not localised exclu- 
sively in the synapse. 

Bulk isolated glial cells have a high affinity uptake system 
for y-aminobutyrate (GABA)* that seems suitable for parti- 
cipation in the removal of GABA from the synaptic cleft. 
Autoradiography of a lobster nerve-muscle® preparation and 
rat retina® also suggests that GABA is accumulated by glial 
cells. Similar studies’ implicated glia in the removal of 
glycine in spinal cord preparations, glutamate im cortical 
areas and GABA in the cerebellum. . 

We have investigated further the ability of lial cells, 
either obtained as bulk cell fractions or from the C-6 line 
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Fig. 1 Positive phase contrast photomicrograph of living rat 
C-6 glioma cells in normal growth medium 48 h after a 40 h 
pulse in 10-7 M amethopterin, Astroblastic cells soon begin to 
resemble normal astrocytes. The multipolar processes become 
very long and develop broad end feet. Bar represents 50 pm. 


of cultured rat astrocytoma (given by Dr G. Sato). to accu- 
mulate glutamate. We consider that the use of both these 
preparations can most reliably suggest in vivo properties of 
glial cells: with bulk isolated glia alone there are problems 
due to cell damage and contamination, and with cultured 
cells dedifferentiation and the expression of anomalous 
metabo:ic properties can be troublesome. 

Bulk isolated glial cell fractions were prepared as des- 
cribed before* and were examined by electron microscopy 
and by the addition of labelled synaptosomes to the initial 
tissue suspension; both methods indicated less than 10% 
synaptosomal contamination in the glial fractions. The C-6 
clonal line grows in our hands as morphologically differen- 
tiated cells, with multiple processes. A 24 h exposure to 
amethopterin (10-7 M) during the third day of logarithmic 
growth, however, produced cells which appeared to be even 
further morphologically differentiated (Fig. 1). In addition, 
the glia-specific protein S-100 increased after amethopterin 
treatment’ further indicating that these cells can be induced 
to express the properties of differentiated glial cells. 

Uptake experiments were carried out as described before’. 
Under the conditions used less than 10% of the amino acid 
is metabolised when examined by paper chromatography. 
Samples were oxidised in a Packard oxidiser and counted in 
a Packard liquid scintillation counter. The results are ex- 
pressed as nmol of substrate accumulated per mg dry weight 
in 4 min. 

The uptake of glutamate by cultured glial cells is illustrated 
in Fig. 2. Table 1 shows that these results, including the 
demonstration of high and low affinity uptake systems, cor- 
respond remarkably to values reported for the uptake of 
glutamate by synaptosomal preparations. As a further check 
on the correspondence between the ability of the synapto- 
somal fraction to accumulate glutamate and that of the 
cultured glial cell, the Na+ dependence of glutamate accu- 
mulation was investigated. Solutions containing sucrose or 
choline chloride were substituted for sodium chloride solu- 
tions. The results indicate that the high affinity uptake 


Table 1 K,, values for glutamate uptake 
Bulk isolated glial cells 1.2+0.4x10-5 M high affinity 


1.340.7x 10-4 M low affinity 
Cultured glial cells 6.641.2x10-5 M high affinity 
1.3+0.8 x 1073 y low affnity 
Synaptosomal fraction? 3.641.3x107-5 M high affinity 
1.5+0.9x10-% M low affinity 
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system was inhibited 81+4% in the presence of choline 
chloride, while the low affinity system was inhibited 22+3% 
under identical conditions. This compares with the recently 
published Na* requirement for glutamate uptake by a synap- 
tosomal fraction” in which 95.8% inhibition was obtained 
for the high affinity system. 

To evaluate the specificity of the high affinity uptake 
system two further experiments were performed. The uptake 
of alanine, a neutral amino acid, was studied in cultured 
glial cells. A single uptake system was found over the con- 
-centration range.of 107° to 10-7 M. This system had a Km 
of 1.0+0.5x10-* M. A line of cultured HeLa cells exhibited 
only a single uptake system for glutamate, with a Km of 
3.8+1.3x107' M. This suggests that high affinity uptake 
systems are not involved in the accumulation of all amino 
acids by glia, and that glutamate uptake mediated by high 
affinity transport systems is not a general property of other 
cell types. 

To investigate the possibility that glial elements contribute 
significantly to glutamate uptake by the synaptosomal 
fraction, it is necessary to show that glia can form small 
vesicles which can accumulate glutamate. Following a report 
by Cotman ef al”, we attempted to isolate a gliasome 
fraction from a sample of cultured cells using the standard 
Whittaker” procedure for isolation of synaptosomes. These 
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Fig. 2 A double reciprocal plot of the velocity of L-glumatic 
acid accumulation into glia from the C-6 line of rat glioma at 
37°C and varying glumatic acid concentrations. The uptake 
media contained 140 mM NaCl, 5 mM KC1, 2 mM MgCl,, 3 mM 
CaCl, 10 mM dextrose and 10 mM Tris HCl at pH 7.4. High 
affinity Km=6.7 x 107°+1.3; low affinity Km=1.3 x 10-7+0.8. 


gliasomes were incubated with 10" M glutamate and 
achieved tissue to medium ratios consistently in excess of 
24 in 4 min. This uptake was temperature-sensitive and 
seemed to correspond to the high affinity uptake system 
characterised in intact cultured cells. This suggests that 
material isolated by the Whittaker procedure may contain 
appreciable non-neuronal elements. 

Our results indicate that mammalian gliaf cells, prepared 
either as a bulk isolated fraction or from the C-6 rat glioma 
cell culture, have a high affinity transport system for the 
removal of extracellular glutamate. Glia have also been 
found to be involved in the uptake of glutamate by the 
neuromuscular junction of arthropods. This synapse is 
almost certainly mediated by glutamate” and Feeder and 
Salpeter’ showed that most labelled cells in an arthropod 
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neuromuscular junction of arthropods. This synapse is 
cells, a glial element surrounding the synapse. Our demon- 
stration of a high affinity uptake system for glutamate 
localised in glial cells and the findings of a similar system 
for GABA in glial cells together with autoradiographic 
evidence for glial accumulation of these compounds’ strongly 
suggests that if these amino acids are neurotransmitters, peri- 
synaptic glial elements are involved in their inactivation. 
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Involvement of brain cholinergic 
mechanisms in the action of chlorpromazine 


Tue function of cholinergic neurones in ganglia!, striatum 
and other brain areas is normally regulated by dopamine 
(DA) which, applied microiontophoretically, reduces the 
increased activity of caudate neurones elicited by acetyl- 
choline*. Moreover, DA iontophoresis on caudate neurones 
mimies the responses elicited by electrical stimulation of the 
substantia nigra*’, 

Chlorpromazine and haloperidol, neuroleptics which in- 
crease the turnover rate of DA in striatum*’, presumably 
block DA receptor function®. Such an action has been 
credited as an explanation for the antagonism by chlor- 
promazine of certain behavioural effects induced by 
amphetamine’, It is pertinent to remember that these 
amphetamine effects are thought to be mediated through the 
release of transmitter from dopaminergic neurones”, 
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Table 1 Turnover rate of ACL in rat striatum after haloperidol and chlorpromazine 
Treatment ACh Choline oline ACh turnover rate 

(umol kg“! i.p.) (nmol g`!) (nmol g`!) (d.p.m. nmol") (d.p.m. nmol) (umol g h-4) 
Saline 48 + 3.2 39 + 2.8 228 + 20 286 + 33 0.98 + 0.091 
Haloperidol (5.2) 45 44.1 42 + 3.1 296 + 32 299 + 25 12 +0.10 
Haloperidol (10.4) ‘47 + 3.7 35 + 1i 330 + 19* 227 + 17 1.8 -+ 0.15* 
Chlorpromazine (9,3) 4i + 6.0 37 + 2.7 260 + 23 312 + 34 1.1 + 0.06 
Chlorpromazine (18.6) 50 + 4.1 41 + 4.9 370 + 17* 285 + 30 1.4 + 0.10* 


Phosphorylcholine-methyl-“C was infused intravenously at a constant rate for 6 min (30 Ci kg min”). Drugs were injected 1 h before 
beginning the infusion. The figures represent the mean values of four experiments + s.e.m., 


* P < 0.05 when compared with saline-treated animals. 


We have investigated whether the action of chlorpromazine 
or haloperidol is associated with a change in the activity 
of brain cholinergic neurones. Since the amount of trans- 
mitter synthesised per unit of time is believed to be a good 
index of its in vivo utilisation! and since transmitter utilisa- 
tion may change with neuronal activity”, we have decided 
to monitor the effect of chlorpromazine and haloperidol on 
the turnover rate of acetylcholine (ACh) in occipital cortex 
and striatum of rats to assess whether when DA receptors 
are blocked, the synthesis of ACh in various areas of rat 
brain is increased. We have measured ACh turnover rate in 
these two brain structures because cholinergic neurones are 
present in various brain areas and dopaminergic endings 
are present in neocortex, limbic system, hypothalamic nuclei 
and striatum®", However, in striatum a link between the 
two neuronal systems is suggested by the present under- 
standing of the role of DA in Parkinson’s disease. - 


partment of ACh in the same area and ky, Kg and ke denote 
the fractional rate constants of A, B and C. respectively. To 
measure ke, which is the percentage of ACh pool meta- 
bolised per unit of time, and at steady state is equal to the 
rate of synthesis, the ratio of the specific activity of ACh and 
choline was calculated at 6 min of infusion and this value 
was multiplied by the concentration of ACh (in xmol g7'). 
This value expressed by a given time unit gives an estimate 
of the turnover rate of Ch. 

Tables 1 and 2 show the specific activities of ACh and 
choline in the striatum and occipital cortex of rates receiving 
saline, chlorpromazine or haloperidol 1 h before the constant 
rate infusion of radioactive phosphorylcholine for 6 min. 
Steady state concentrations of ACh and choline were not 
changed by the infusion of phosphorylcholine. Moreover, 
the choline concentrations in the two brain areas studied 
were comparable whereas the ACh concentrations in 


Table 2 Turnover rate of ACL in rat occipital cortex after haloperidol] and chlorpromazine 


Treatment AC Choline 
(umol kg™ i.p.) (nmol g`?) (nmol g`?) 
Saline 15 + 1.1 30 + 2.1 
Haloperidol (5.2) 14+ 2.1 29 + 3.2 
Haloperidol (10.4) 14 + 1.8 33 + 1.4 
Chlorpromazine (9.3) 13 + 2.6 37 + 3.9 
Chlorpromazine (18.6) 16+ 1.2 35 + 4.5 


Choline ACh turnover rate 
(d.p.m. nmol?) (d.p.m. nmol] ~?) (umol g7! h7) 
522 + 53 1186 + 120 0.14 -+ 0.014 
570 + 69 1140 + 104 0.15 + 0.012 
500 + 73 1094 + 81 0.14 + 0.011 
504 + 80 1154 + 137 0.15 + 0.014 
474 + 78 0.14 + 0.012 


1206 + 97 





Phosphorylcholine-methyl-“C was infused intravenously at a constant rate for 6 min (30 pCi kg min~). Drugs were injected 1 h before 


beginning the infusion. 


The figures represent the mean values of four experiments + s.e.m. 


Sprague-Dawley male rats (125-150 g) were infused at a 
constant rate with 0.65 umol kg“! min of phosphoryl 
choline-methyl-“C (44.0 mCi mmol7’; New England Nuclear 
Co.) and killed at various times afterwards by microwave 
radiation focused on the skull (75 mW cm’). The total power 
delivered down the wave guide was 1.5 kW at a frequency 
of 2.45 GHz. We found that when the heads of the rats 
were exposed to this radiation for 2-3 s, the brain choline 
and ACh concentrations were. stabilised. The brain was dis- 
sected and processed for the assay of choline and ACh 
specific radioactivity as described by Hanin et äl.. As Fig. 1 
shows, the specific activity of striatal ACh and choline 
increased with infusion time, and the rate of increase pro- 
ceeded parallel with infusion time in both compounds. The 
percentage of the ACh store that was renewed per unit of 
time (fractional rate constant) was estimated at various times 
of infusion by the finite difference method (ref. 16 and Fig. 
1). The fractional rate constant (k) multiplied by the steady 
state concentration of. brain ACh yields an estimation of 
the amount of ACh made per unit of time. 

Brain ACh turnover rate was calculated according to a 
method described in detail elsewhere”. In brief, this method 
assumes the following kinetic model 

Ce 
-> BC 
k A k B kC 


KA, + KA, +- KAn KB, + kp. -4 Ba » e 


where A is the plasma choline compartment, B is the choline 
compartment in the brain area considered, C is the com- 


striatum were three times larger than in occipital cortex. 
The specific activity of choline in cortex was three times 
that in striatum, suggesting that each brain area includes 
several choline compartments. The greater specific activities 
of choline in cortex than in striatum suggests that the choline 
compartment that is in rapid equilibrium with blood-borne 
choline in cortex is smaller than that of striatum. The data 
presented in the tables also suggest that the brain choline 
pool that is in rapid equilibrium with the plasma pool is that 
involved in the synthesis of ACh, because the specific activi- 
ties of ACh and choline were greater in cortex than in 
striatum. The amount of ACh synthesised per unit of time 
was greater in striatum than in cortex: this difference ex- 
ceeded the three-fold difference in pool size present in these 
tissues. The amount of ACh synthesised in striatum of rats 
receiving chlorpromazine (18.6 umol kg intraperitoneally) 
or haloperidol (10.4 pmol kg™ intraperitoneally) 1 h before 
the infusion of phosphorylcholine was increased; there was 
no similar increase in the occipital cortex. These findings 
minimise the possibility that nonspecific effects of the two 
drugs are operative in explaining the increase of ACh turn- 


‘over rate; actually, they suggest that these two drugs affect 


some neuronal mechanism that is important in the control 
of striatal ACh synthesis and less important in the control 
of the synthasis of ACh fn occipital cortex. Since these two 
neuroleptics block striatal dopaminergic receptors? and since 
DA concentrations in striatum are very high? the action 
of haloperidol and chlorpromazine on dopaminergic and 
cholinergic mechanisms of striatum might be interrelated. 


„A blockade of striatal DA receptors in striatum may account 
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for the extrapyramidal side effects evoked by ‘the two drugs 
in several animals species, including man. This possibility 
is supported by reports that haloperidol is more potent than 
chlorpromazine in eliciting extrapyramidal side effects" and 
in increasing striatal DA turnover rate (A. Revuelta, personal 
communication). The finding that chlorpromazine increases 
the rate of synthesis of brain ACh is in keeping with a 
report by Stadler et al. showing that chlorpromazine in- 
creases the release of ACh from the perfused striatum of 
rats. Chlorpromazine is credited for exciting an inhibitory 
action on cholinergic receptors when given in large doses. 


1,000 
800F 


e 500 


Specific activity (d.p.m. nmol- !) 





R 2 4 6 8 


Constant rate infusion (min) 


Fig. 1 ACh (O) and choline (@) specific radioactivities in rat 
striatum after phosphorylcholine(methyl-*C) (30 pCi kg~ min“) was 
infused for various minutes and the rats were killed immediately 
after microwave irradiation. 


$ Kach = 2 (Sach 2 Sach Àr (Scenn ER Sachi 
chi. Sachre 


Amin *Kacn 
3-2 0. 
4-3 0.42 
5-4 0.34 
6-5 0.32 
7-6 0.31 
8-7 0.32 


Such an action cannot explain the increased synthesis of 
striatal ACh elicited by chlorpromazine because haloperidol, 
which is more active than chlorpromazine in stimulating the 
synthesis of ACh, is less active in blocking cholinergic re- 
ceptors”. Similar considerations can be made to exclude 
the fact that the anticholinesterase action of chlorpromazine 
is involved in the stimulation of striatal ACh synthesis”. In 
interpreting the physiological implications of the increase of 
ACh synthesis rate reported in the Tables, it would be im- 
portant to know whether an increase of striatal ACh 
synthesis corresponds with an increase in the activity of 
cholinergic neurones. A direct answer to this Question cannot 
be given at this time because the correlation» between ACh 
turnover rate and the firing rate of cholinergic neurones 
has not been studied directly. Presumptive indirect evidence, 
however, supports the belief that the rate of ACh synthesis 
reflects the activity of cholinergic neurones (D. Cheney and 
M. Trabucchi, unpublished work). 
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Finally, it would be interesting to establish whether this 
increase of ACh synthesis in striatal cholinergic neurones is 
required to elicit an antipsychotic action. We are currently 
working to explore several factors involved. We found that 
clozapine, a neuroleptic with antipsychotic activity com- 
parable with chlorpromazine but lacking the extrapyramidal 
side effects”, fail to increase the rate of ACh synthesis in 
striatum. Although, the present level of understanding would 
indicate that the increased biosynthesis of striatal ACh re- 
lates to the extrapyramidal side effects of neuroleptics rather 
than to their antipsychotic properties, more work is needed 
to reach a definite conclusion on this point. 

M. TRABUCCHI 
D. CHENEY 
G. RACAGNI 
E. Costa 
Laboratory of Preclinical Pharmacology, 
National Institute of Mental Health, 
Saint Elizabeth's Hospital, 
Washington, DC 20032 
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Effect of histamine H-receptor blockade on 
fasting serum gastrin and fasting gastric acid 
secretion in the dog 


HISTAMINE receptors which are blocked by conventional 
antihistamines, such as mepyramine maleate, have been 
termed Hj-receptors. Receptors which are not blocked by 
these drugs have been found in the cardiac atrium, the 
uterus ‘and the gastric parietal cell’ and have been termed 
H:-receptors. Ah antagonist of these receptors (burim- 
amide) has recently been discovered*. Histamine H:-receptor 
antagonists inhibit gastric acid secretion stimulated by 
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histamine, pentagastrin, hypoglycaemia and food in the 
dog (M. J. Grossman and $. J. Konturek, unpublished) and 
by histamine and pentagastrin in cat (S. J. Konturek, un- 
published), pig (G.O.B., M. W. Waterworth, M. D., and 
S. B., unpublished), and man’. Studies have shown that 
some hormonal inhibitors of gastric acid secretion, namely 
secretin’ and glucagon*“, depress fasting serum gastrin levels 
in man and a common mechanism of action through sup- 
pression of gastrin-mediated acid release has been pos- 
tulated. This study attempts to determine whether burim- 
amide has any effect on gastric acid secretion and gastrin 
release in basal conditions in the dog. 

Two mongrel dogs weighing 17 and 25 kg were prepared 
with gastric fistulae, and subsequent studies were performed 
at least 3 months after surgery. Not more than one experi- 
ment was carried out every 48 h, and dogs were fasted for 
16 h before each study. Gastric juice was collected every 
15 min for 1.25 h after gastric collections had reached 
basal levels. After the first 15 min injections lasting 60 s 
of either burimamide (8 mg per kg body weight in a 
solution containing 15 mg ml’) or 0.15 M NaCl ml~* were 
given into a leg vein. In both dogs burimamide injections 
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Fig. 1 Serum gastrin concentration in pg ml~*. Burimamide 
(a) or saline (b) was injected at time 0, Open or closed 
circles denote studies performed in the same animals. 


were followed by retching and restlessness which subsided 
within 2-5 min. Blood was taken from a separate leg vein 
{5 min before and 0, 5, 10, 15, 20, 30, 45 and 60 min after 
test injections. The blood was allowed to clot, and the 
serum separated and stored at —20° C. Gastrin was 
estimated later by radioimmunoassay (A. V. and B. G., 
unpublished). Gastric juice was measured to the nearest 
0.5 ml and the acid titrated against 0.2 M NaOH using an 
automatic titrator (Radiometer, Copenhagen). Two burim- 
amide and two control studies were performed in each 
dog in random order. 

Figure 1 shows the serum gastrin concentrations in the 
four saline and the four burimamide-treated animals. In 
three test and four control studies there was minimal 
variation in serum gastrin concentrations from basal levels. 
A slight rise in serum gastrin levels occurred in enly one 
test following burimamide. The differences between control 
and burimamide tests were not significant. 
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Fig. 2 Acid output from gastric fistulae in meq per 15 min. 

Burimamide (a) or saline (6) was injected at time 0. Open 

or closed squares denote studies performed in the 
same animal. 


Two of the four dogs studied showed a slight rise in 
gastric acid secretion (Fig. 2) from 30-60 min after burim- 
amide. The rise was, however, small in terms of output of 
acid, reaching a maximum of 1.20 and 0.72 meq per 15 min 
over basal levels in the two dogs. Dogs receiving control 
saline injections showed no increase in acid output. 

The results of this study show that serum gastrin levels 
are not altered by burimamide given intravenously to 
fasting dogs. The reduction in acid secretion observed with 
burimamide is unlikely to be a consequence of lower levels 
of circulating gastrin. The slight rise in serum gastrin after 
burimamide in one study may be a secondary phenomenon 
following a slight reduction in gastric acidity and 
deinhibition of the antrum. 

In searching for a unifying mechanism linking gastric 
acid secretion and gastrin release, earlier studies demon- 
strated that secretin’ and glucagon® both inhibit gastric acid 
secretion, and they both depress fasting serum gastrin 
levelst-®. In this respect they differ from H:-receptor 
antagonists. Differences between the action of secretin and 
burimamide are amplified by studies on histidine decar- 
boxylase in rat gastric parietal cells. Whereas secretin does 
not stimulate histidine decarboxylase in the rat? recent 
studies have shown that both burimamide and metiamide 
produce a 3-5-fold rise in histidine decarboxylase levels in 
rat glandular stomach’. The compound SC 15396, an anti- 
gastrin, also produces a rise in histidine decarboxylase in 
the rat’? while inhibiting gastric acid secretion stimulated 
by both histamine and gastrin”. It is thought that this 
antigastrin acts at the gastrin receptor site on the parietal 
cell’. There is no evidence to support the concept that 
H.-receptor antagonists inhibit gastric acid secretion by 
acting outside the parietaf cell. It is, however, possible that 
histamine aad gastrin act on different receptors on the same 
cell as postulated by Grossman and Konturek. 

The Jate rise in gastric acid secretion following burim- 
amide in two studies, although small in terms of milli- 
gquivalents of acid, was clearly not seen after the control 

e 
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injections. Since the duration of action of bufimamide given 
intravenously is short in both dogs (M. I. Grossman and 
S. J. Konturek, unpublished) and pig (G.O.B., M. W. 
Waterworth, M.D., and S.B., unpublished), the late rise in 
acid release may be the result of ‘rebound’ following 
withdrawal of the inhibitor. This phenomenon is known 
after certain calcium containing antacids’, and it would be 
clinically relevant if this phenomenon occurs when Ho- 
receptor antagonists are used therapeutically in man. 
This study was supported by the Medical Research 

Council of South Africa. Synthetic human gastrin and 
related peptides used in the radioimmunoassay were 
donated by Dr J. Morley of Imperial Chemical Industries, 
Macclesfield, UK. Burimanide was donated by Dr W. A. M. 
Duncan of Smith, Kline and French. 
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Cone mechanisms initiating response of 
on—off goldfish optic fibres 


On-oFF ganglion cells are common in a wide variety of verte- 
brate retinae!, including those of primates (F. M. de Monasterio 
and P. Gouras, personal communication). These units respond 
with a short, high-frequency burst of action potentials when a 
stationary light is turned on in the receptive field and also when 
the light is turned off. Because a dark or light spot moving 
across the receptive field elicits a vigorous response, Maturana 
etal.* called on-off units in the frog “moving contrast detectors”. 

I have explored the properties of on-off fibres in the goldfish 
optic nerve. The generation of the on—off response in goldfish 
is of special interest because the goldfish retina has three classes 
of cones with peak sensitivity at 620, 530 and“455 nm (ref. 3), 
and the majority of ganglion ’cells give a colour-coded 
response’, J shall show that on-off fibres are a separate class of 
fibres with properties quite different from those of colour-coded 
units. I have determined the contribution of each of the three 
cone mechanisms in initiating the on and off components of the 
on—off response. 
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Common goldfish, Carassius auratus, were anaesthetised with 
tricaine during surgical exposure of the optic nerve, and were 
then immobilised with curare for the duration of the experiment. 
Tungsten microelectrodes coated with Insl-x were inserted into 
the optic nerve and the activity picked up from single fibres was 
amplified, displayed and tape recorded. The optical stimulation 
of the eye has been described in detail elsewhere’. 
The left eye of the fish was under water and at the centre of a 
24-inch diameter plastic hemisphere filled with water. Stimuli 
were presented on a back-projection screen taped to the surface 
of the hemisphere being observed by the fish. The stimuli and 
coloured backgrounds which were projected on to the back- 
projection screen originated in high intensity Prado projectors 
fitted with electronic shutters and frames for holding neutral 
density filters, narrow band interference filters and inter- 
ference cutoff filters. 

Results were obtained for 16 on-off fibres in a total sample of 
73 fibres. This is a higher percentage (22%) of on-off units than 


Spot diameter (°) 





Fig. 1 Receptive field characteristics of on-off fibres. a, On—off 
receptive field centre having both on and off responses across the 
centre. The centre, about 20° in diameter, was mapped with a 1° 
spot 2.4 log foot-lambert in brightness. b, On-off receptive field 
centre having both on and off components at the midpoint, 
but only the off component towards the periphery. The width of 
the receptive field was about 10° mapped with a 2°, 1.8 log foot- 
lambert spot. c, Influence of spot size on sensitivity of the on 
(@0O) and off (A, A) components of the response. A, @, An 
on-off fibre having an inhibitory surround which, for spot sizes 
above 10° in diameter depressed the sensitivity of both on (@) and 
off (A) centre components. O, A, An on-off unit which showed 
no reduction in sensitivity of the on (O) or off (A) centre res- 
ponse with larger spot sizes. 


has been reported in a different preparation, the isolated goldfish 
retina (6%) (ref. 4). I established that both the on and off responses 
originated in a single optic fibre by showing that photographed 
action potentials in the on and off bursts nae the same height and 
waveform. 

Since stimulation of colour-coded Seine fields can result 
in an on-off response under certain conditions, I explored the 
receptive field of on-off units with stationary small spots of 
white light 1° or less in diameter. Neither the on nor the off 
components of the response were isolated in a central region of 
the receptive field. Either both on and off responses were 
present across the receptive field (Fig. 1a), or one or the other 
of the components dropped out at more peripheral receptive 
field positions (Fig. 15). Both types of receptive field were quite 
different from the centre-surround, double-opponent organisa- 
tion of colour-coded unitst. The units described here were 
not directionally sensitive, a feature often associated with 
the on-off response in other animals. In goldfish optic nerve 
directionally sensitive fibres are present in small numbers®. l 
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Rehovot, Israel 


A COMPLETE LINE OF INSTRUMENTATION FOR ANALYTICAL 
AND PREPARATIVE ELECTROPHORESIS AND RAPID FILTRATION 
OF MACROMOLECULES. 
A set of instruments 


for one and two dimensional 
polyacrylamide electrophoresis. 
a ` 










A COMPLETE SET OF COMPACT 
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POLYACRYLAMIDE DISC GEL 
ELECTROPHORESIS - 
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Flat plate electrophoresis 
with channels 
Preparative ge! electrophoresis 
Isolates up to 100 mg. of 
proteins and nucleic acids. 
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Electrophoretic 
Extractor 
92.009 





Flat plate electrophoresis 
without channels 
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Stabilized P 
abili ower 92005 


Supply 
92.003 


An instrument for rapid 
a of a large 
number of radioactive 
samples. 





Multiple Mémbrane Filter 92.051 


CANNULAS 


infusion Cannula: 92.103A Injection Cannula: 92.1038 





TISSUE CHOPPER 

For maceration of 

soft, highly hydrated 

multicellular material. 
92.011 


YEDA PRESS 
compressed gas from 
a standard pressure tank is applied, 
and the cells are broken due to 
sudden decompression, 

92.050 





Orders and requests for further information should be directed to: 


YEDA Research and Developntent Co. ktd. 


Yeda Scientific Instruments, Kiryat Weizmann 
P.O. BOX 95, REHOVOT-ISRAEL 
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basic statement on the philosophy, the problems and the 
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BIOLOGIC AND CLINICAL EFFECTS OF LOW-FRE- 
QUENCY MAGNETIC AND ELECTRIC FIELDS by J. G. 
Llaurado, A. Sances, Jr., and J. H. Battocletti, all of the 
Medical College of Wisconsin, Milwaukee. (50 Centributors) 
Arranged in five sections, this book examines the state of 


. current knowledge with regard to the effects of static and 


slowly-changing magnetic and electric fields on communica- 
tion processes in humans, animals and plant life. ’74, about 
383 pp. (6 3/4 x 9 3/4), 130 il., 36 tables 


TOXICOLOGY AND PHARMACOLOGY OF VENOMS 
FROM POISONOUS SNAKES by John H. Brown, Louisi- 
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comprehensive review in simplified form of poisonous 
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Oertling + Cahn 


We are pleased to tell you that Oertling have taken 
over the sole UK Agency for Cahn Instruments, of 
Paramount, California. 
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oy > 
Cahn fill well a particular niche in the world of weighing; 
3 ə "Micrograms without tears” you might call it. 
Whereas conventional micro-balances need special 
a setting-up, special environments and a fair degree of 
operator skill, Cahn balances need none of this. - 
9 S In fact, the most popular model has a handle on the 


top; you put it on the bench, plug itin, put a sample in the pan 
and get a direct reading, to sub-microgram accuracy, in 
a second or two. 

All Cahn balances can give a BCD output either as 
standard or optional, so they can feed direct into on-line 
control or recording equipment. 

in this they naturally complement the Oertling ETP40 
electronic top-pan, also shown in this advertisement. 

Oertling have led the UK in laboratory weighing for 
130 years. With Cahn extending the range, the next few 
decades look good too. 
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weighing family. 


R100 Recording Electrobalance R 


Top left, with weighing mechanism in the 


symmetrical glass envelope, control module 


alongside, and optional pen recorder (below). 


High capacity, 100g. 

Sensitivity, 0.5. 

Rapid response, to weighing in vacuum 
up to 107° torr, or under controlled atmos- 
pheres, including corrosive gases. 


With push-button range selection, push- 


button taring, a panel meter io read sample 


weight and weight change. and an automatic 


range extender covering up to ten chart 
widths. 


A special RG version is also available with 


a large range of accessories for TGA, 
absorption work, magnetic susceptibility, 
particle size analysis, density measurement 
etc. 


gts TG N 


z Oertling ETP4O 


Opposite, bottom left, 

The special electronic version of the 
celebrated Oeriling top-pan analytical 
balance, developed from the ColD award- 
winning TP30. 

Capacity 800g + 100g tare. 

Sensitivity 10mg. 

Scale range 100g. 

Large 5-ligure digital display, plus BCD 
output and optional 10-key mosaic printer 
(shown right of balance) to code samples 
with batch number, time, date etc. on paper 
record, 

Currently used in fine chemical 
production, biochemical research, precious 
metal weighing etc. 


Oertling 


4100 Manual Electrobalance 

This page, centre. 

The most popular Cahn model; a direct 
reading micro-balance that can give a 
complete reading in a few seconds. 

No wonder it's used for Lunar dust, air 
pollution samples, etc. etc. 

Robust, portable and very easy to use, 
Just put the sample on the pan. 

Capacity, up to 2.5g. 

Four weight ranges, 2mg, 20mg, 200mg 
and 10000mg. 

Sensitivity on 2mg range, O.lug. 

4-digit electronic display read-out, with 
100% over-range, ie. up to 19999. 

Automatic decimal position, with no 
chance of misreading. BCD output for 
computer or optional Cahn printer. 

Models GR M and G-2, without digital 
display, also available at lower cost. 


Oeriling sales staff are now 
giving special demonstrations 
of all Cahn equipment, on 
customers’ premises, and 
Qertling maintenance 
engineers have been 

fully trained to give 

all necessary service. 


L Oertling Ltd 


Orpington Kent 
Tel (66) 25771. 


A member of the Avery Group. 






DTLToploading Electrobalance 

Below. 

Avery versatile direct-read ng balance, 
with large three-digit electron cd splay 

Capacity 10a. 

Sensitivity 0.1mg (O0.0img optiona!) 

Two weight ranges, 100mg and 1009m 

Q-10 volt analog ouipuj for recorde: or 
DVM, with BCD optional. 

Up to 15 samples per minute can be 
weighed, in all kinds of hot. dry or adverse 
environmenis; once the samo eis onthe pas 
you can get a reading in as hie as nalfa 
second. 

Also available, as RTL wilhoul electron 
display. 
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‘ paperton the ‘double helix structure: of DNA’ in. 


You will find more than 2000 
pages of reference data in FASEB’s new three-volume 
BIOLOGY DATA BOOK, the greatly expanded and fully up- 
dated successor to the 1964 single-volume handbook of the 
same title. Some 750 distinguished scientists have contributed 
and verified the material in the 282 tables. Explanatory head- 
notes introduce most. tables, and over 17,000 references 
identify the original data sources. To assure instant access to 
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Area-threshold curves confirmed a previous finding in the 
frog® that the excitatory on-off centre may have around it an 
inhibitory surround which raises the threshold for on and off 
components of the centre response (Fig. Ic, closed circles). In 
some cases, an inhibitory surround was not present (Fig. Ic, 
open circles). No response has been noted following stimulation 
of the surround alone. Within the on-off central region, there 
was an increase in sensitivity with larger stimulus sizes. 

The cone mechanisms responsible for the on and off com- 
ponents were identified by making spectral sensitivity measure- 
ments. An example of the results is shown in Fig. 2. On-off 
responses were obtained to all monochromatic stimuli of 1 s 
duration at wavelengths from 400-720 nm. The thresholds for 
the on and off components were similar in this unit, although 
this was not always the case. Against a white background (Fig. 
2a), both the on and off thresholds for responses above 500 nm 
fitted the retinene-2 nomogram of the red-absorbing goldfish 
pigment peaking at 620 nm. For 500 nm stimuli and below, the 
thresholds fell on the retinene-2 nomogram for the blue-absorb- 
ing cone pigment with peak sensitivity at 455 nm. A green 
mechanism on-off response was not evident against a white 
background but became apparent against a magenta back- 
ground which reduced the red and blue mechanism sensitivities 
(Fig. 26). The on and off thresholds against the magenta back- 
ground for wavelengths between 500 and 620 nm fell on the 
retinene-2 nomogram for the green-absorbing cone pigment 
peaking at 530 nm. 

Figure 2 shows that both the on and off response at a given 
wavelength are elicited by the same set of cone receptors, sensi- 
tive to red, green or blue. In the goldfish this was by no means a 
foregone conclusion, since on and off could have been elicited 


Log relative sensitivity 


400 500 600. 700 
Wavelength (nm) 


Fig.2 Spectral sensitivity curves for an on-off unit: on response 
sensitivity (@) and off response sensitivity (A). a, Curve © 
measured against a 0.1 log foot-lambert white background. 
b, Curve measured against a magenta background made by 
superimposing a red-adapting background from a 650 longwave 
pass filter in a 1.7 log foot-lambert beam and a blue-adapting. 
background from a 450 shortpass filter in a 0.6 log foot-lambert 
beam. The lines are retinene-2 nomograms for goldfish cone 
pigments having peak sensitivities at 620 nm (— — #-), 530 
AM G.6 ies y ee Jand 455 nm (—. .—..—. .—). The spectral 
sensitivity curves indicate that both on and off responses are 
given by all three cone mechanisms. 
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by different cone receptor types. As is true with colour-coded 
goldfish optic fibres®, a single on-off optic fibre may receive 
connections from all three receptor systems. Only a few examples 
have been noted where one of the three cone systems could not 
be identified with the use of coloured adapting backgyounds. 
The strong blue mechanism response illustrated in Fig. 2 is 
characteristic of many optic fibres recorded from the intact, 
curarised goldfish®. The finding is somewhat puzzling in view of 
the failure of experiments using the isolated goldfish retina to 
see a blue mechanism response*’ and of Mark’s report? that 
less than 7% of a sample of 113 goldfish cones contained blue- 
absorbing pigment. The spectral sensitivity curves of on-off 
fibres differ from those of colour-coded units in that there is no 
evidence of opponent interaction between red and green 
mechanisms. In colour-coded units this interaction tends to 
narrow opposing shoulders of the red and green mechanism 
spectral sensitivity curves at intermediate wavelengths where 
both red green mechanisms are stimulated simultaneously’. 

ĮI examined the latency and number of spikes for the on and 
off components of the responses as a function of intensity. 
For all wavelengths, and hence for all three cone mechanisms, 
there was a decrease in the latency of both on and off responses 
as intensity increased in 0.5 log unit steps above threshold. 
Occasionally, at the highest intensities, the off threshold would 
show a slight’ increase in latency. In general, the number of 
spikes in the on and off burst increased only slightly or not at 
all with increase in the stimulus intensity. This feature of the 
response indicates that on-off units would not have the dynamic 
frequency range necessary of a separate brightness channel. 
This in turn suggests that colour-coded fibres must carry both 
hue and intensity information in the same channel or that a 
separate class of brightness fibres, not yet encountered, exists in 
the goldfish. 

The retinal pathways which synthesise the optic fibre on-off 
response are incompletely understood. Stimulation of horizon- 
tal cells in turtle retina can lead to an on-off ganglion cell 
response’. But no on-off response from cells clearly identified 
as being bipolar has been reported. Two types of bipolar 
response, on-centre and off-centre, have been noted in goldfish® 
and carp’. Hence the ganglion cell on-off centre response must 
originate in one of two ways: (1) the convergence of on- and off- 
centre bipolars at the ganglion cell or (2) ganglion cell connec- 
tions from on-off amacrine cells. Both bipolar-ganglion cell and 
amacrine cell-ganglion cell connections have been noted in 
the inner plexiform layer of carp”. If the first alternative is 
correct, then both the on- and off-centre bipolar types probably 
make excitatory connection with the on-off ganglion cell. In the 
tetrodotoxin-treated frog retina, the on-off ganglion cell 
response results from two depolarisations of the ganglion cell at 
onset and termination of light stimulation, with no intervening 
hyperpolarisation’?. The second alternative origin of the 
ganglion cell on-off response is attractive because on-off ama- 
crine cells have been identified in the carp. Toyoda ef al>? 
classified the response of 178 carp amacrine cells and found 42 
or 24% which were on-off, giving a depolarisation at both the 
onset and termination of stimulation. This is close to the 
proportion of optic fibres I found to be on-off. The on-off 
amacrine cell is a logical candidate to provide the major input 
to on—off ganglion cells. This is especially true in goldfish retina 
where the remaining ganglion cells have colour coded, double 
opponent receptive fields in which a role for on-off amacrine 
cells is difficult to envisage. 

This work was supported by the Medical Research Council 
(Canada). I thank Mrs Vrablic for technical assistance and 
Drs Daw and Gouras for reading the manuscript. 
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Genetic variation in marine fishes 
as a test of the niche-variation hypothesis 


SINCE the discovery of large and variable amounts of protein 
polymorphism in natural populations’, biologists have attempted 
to determine what, if any, biological significance is associated 
with this particular form of phenotypic variation. Many popu- 
lation geneticists and ecologists? have adopted a selectionist 
point of view which states that allelic diversity is a strategy for 
increasing population fitness in a temporally and spatially 
heterogeneous habitat. This hypothesis, known as the “‘niche- 
variation hypothesis’, predicts a positive correlation between 
the protein polymorphism and morphological variation in a 
population and the relative heterogeneity of the most relevant 
physical (for example, temperature) and biological (for example, 
food and competition) variables of the habitat. The basic 
assumption underlying this hypothesis is that the presence of 
more than one variant of a given protein broadens the tolerance 
limits or the optimal functioning range of the structures and/or 
reactions associated with the protein. For example, the presence 
of multiple forms of an enzyme, each with a different thermal 
optimum, may broaden the thermal tolerance range of an 
ectothermic (poikilothermic; cold blooded) organism". 

Though here we are primarily concerned with testing 
the niche-variation hypothesis, it must be kept in mind that 
there are other selectionist explanations for the observed patterns 
of protein polymorphisms. One of these hypotheses is the 
““time-divergence hypothesis” (discussed below), which makes 
quite different predictions concerning the factors which are apt 
to increase or reduce levels of genetic polymorphism’ ~. 

Satisfactory testing of the niche-variation hypothesis needs 
several precautions. First, one must be certain that the proteins 
being studied ‘feel’ the environmental parameter(s) of interest; 
that is, the proteins must exist at an organism—environment 
interface. The temperature-protein interface in ectothermic 
organisms represents an especially broad interface for examining 
environment—protein interactions since, in these temperature- 
conforming species, a change in habitat temperature will lead 
to rapid and equivalent changes in cell temperature. Changes 
in habitat (cell) temperatures will lead to alterations in the 
velocities of enzymic reactions, changes in the higher orders of 
protein structure, and altered interactions betwgen proteins and 
their substrates, cofactors and modulators’. If temperature is 
the environmental parameter being studied, orfe can therefore 
select any set of enzymes for electrophoretic sttdy, knowing 
that all of these enzymes will be affected by variation in this 
environmental parameter. 

Two additional precautions must be taken in designing 
experiments to test the niche-variation, hypothesis. First, the 
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species or populations to be compared must be phylogenetically 
similar, since different groups of organisms may differ in their 
characteristic levels of protein polymorphism’. Second, one 
must examine the same enzymes in all populations since different 
classes of enzymes may have characteristically different levels of 
polymorphism* 0-12, 

With these considerations in mind, we designed a test of the 
following prediction based on the niche-variation hypothesis: 
since temperature changes will affect all proteins in an ecto- 
therm, species living in extremely stable thermal habitats would 
be expected to have less protein polymorphism (fewer isozyme 
forms, fewer allozyme forms, smaller percentages of loci which 
are polymorphic, and lower average heterozygosities) than 
ectotherms living in habitats where temperature varies widely 
with a periodicity of less than the generation time. To test this 
prediction we examined 13 species of marine teleost fishes which 
live under markedly different temperature conditions. Westudied 
the same enzyme systems in all species and, in most cases, the 
electrophoretic resolution we obtained allowed us to compare 
analogous, if not homologous, loci among all 13 species. Since 
the fishes studied are native to such diverse habitats as McMurdo 
Sound, Antarctica, where temperature variation is but a few 
tenths of a ° C throughout the year, and south temperate zone 
estuarine and intertidal regions, where temperature variations 
may be of the order of 20° C seasonally, we feel that our 
experiments allow a powerful test to be made of the niche- 
variation hypothesis. 

Fish specimens were obtained by collecting with quinaldine 
(Mugil cephalus, Gibbonsia metzi, Bathygobius ramosus, Abudefduf 
troschelli), by hand (grunton: Leuresthes tenius), with traps 
(Trematomus borchgrevinki, T. hansoni, T. bernacchii), with deep, 
free vehicle set-lines (Coryphaenoides acrolepis), or by purchase 
from bait shops (Gillichthys mirabilis) or tropical fish dealers 
(Dascyllus reticulatus, Amphiprion clarkii, Halichoeres sp.). 
Except for the Trematomus species and C. acrolepis, which 
were stored in conventional deep freezes (approximately 
—20° C), all specimens were kiled and stored in a —76° C 
freezer. Samples of heart, liver and skeletal muscle, plus one or 
both eyes, were pooled and homogenised in two volumes of 
buffer (0.10 M Tris HCI, pH 7.0, containing 0.001 M EDTA 
and 0.0005 M NADP). 0.5 mi of toluene was added to each 
homogenate before centrifugation (12,000g for 30 min). The 
supernatants were removed and stored at —76° C. 

Horizontal starch gel electrophoresis was carried out essenti- 
ally as described by McKinney et a/.}°. The buffer systems used 
were (1) Poulik, pH 8.6 (for glutamic-oxaloacetic transaminase, 
acid phosphatase, phosphohexose isomerase, lactate dehydro- 
genase, glucose-6-phosphate dehydrogenase and esterases); (2) 
Tris-maleic, pH 7.4 (for xanthine dehydrogenase, esterases, 
6-phosphogluconate dehydrogenase, phosphoglucomutase and 
peptidases); (3) Tris-citrate, pH 8.0 (for fumarase, isocitrate 
dehydrogenase, malate dehydrogenase, leucine amino peptidase 
and phosphoglucomutase); (4) Tris-citrate, pH 6.7 (for alcohol 
dehydrogenase, lactate dehydrogenase and 6-phosphogluconate 
dehydrogenase); (5) Tris-versene-borate, pH 8.0 (for a- 
glycerophosphate dehydrogenase, glutamic-oxaloacetic trans- 
aminase, esterases and octanol dehydrogenase); (6) lithium 
hydroxide, pH 8.6 (for leucine amino peptidase, acid phos- 
phatase, fumarase, esterases and general proteins). Staining of 
enzymic activity was done essentially as described by Shaw and 
Prasad". 

Whereas optimal buffer conditions varied somewhat among 
species, we were able to score at least 75% of the above 
enzymes in all species, excluding the deep sea fish, C. acrolepis. 
Only a small number of enzymes was detected in the latter 
species (lactate dehydrogenase, malate dehydrogenase, esterases, 
a-glycerophosphate dehydrogenase, phosphohexose isomerase 
and general protein bands), due at least in part to the removal 
of livers and hearts of most specimens before our acquisition of 
the fish® Furthermore, enzymes of species adapted to high 
pressure may be extremely labile’. 

Our findings (Table 1) are not consistent with the predictions 
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of the niche-variation hypothesis. Byno criterion do the proteins 
of fishes from thermally variable habitats display higher levels 
of polymorphism relative to proteins from fishes from habitats 
with stable thermal regimes. Using the estimates of mean indi- 
vidual heterozygosity (these are less dependant on sample size 
than are estimates of percentage polymorphism), the six species 
with a thermal range of less than 5° C do not differ significantly 
in heterozygosity from the six species with a thermal range of 
5° C or greater (PS>0.10; Wilcoxon two-sample test). 

What other explanations might account for the patterns of 
variability observed in our study? One explanation can be 
based on neutralist arguments. Since, in theory, the number of 
neutral alleles in a population at equilibrium is proportional to 
the effective population size, the different amounts of -poly- 
morphism observed among these fishes may reflect differences 
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that tropical and deep sea fishes should be the most variable. 
Tropical and deep sea ecosystems have probably been perturbed 
less in climate, latitude, species composition and diversity than 
other marine ecosystems?”. Hence species living in these habitats 
would on the average be exposed to relatively weak directional 
selection and should be evolving relatively slowly. These 
conditions would promote the accumulation of allelic diversity. 

It is interesting, therefore, that the six tropical species are 
significantly more heterozygous than the temperate zone and 
Antarctic species (excluding C. acrolepis); P < 0.05, (Wilcoxon 
two-sample test!5). If the C. acrolepis estimate is included with 
the tropical species estimates, the difference is even greater 
(P <0.025). In this regard, supporters of the niche-variation 
hypothesis (see for example, refs 3, 18) have predicted that 
niche breadth and variation ought to be inversely related to the 





Table 1 Levels of genetic variation in teleost fishes from different thermal regimes 


Collection site 
(habitat) 


McMurdo Sound 
(sub-ice, pelagic) 
McMurdo Sound 


Species 
(Family) 


Trematomus borchgrevinki 
(Nototheniidae) 
Trematomus hansoni 


(Notothentidae) (benthic) 
Tretnatomus bernacchit McMurdo Sound 

(Nototheniidae) (benthic) 
Dascyllus reticulatus Manila 


(Pomacentridae) 
Amphiprion clarkii 
(Pomacentridae) 
Halichores sp. 
(Labridae) 
Coryphaenoides acrolepis 
(Macruridae) 
Abudefduf troschelii 
(Pomacentridae) 


(tropical reef, shallow) 
Manila 

(tropical reef, shallow) 
Manila 

(tropical reef, shallow) 
San Diego Trough 
(deep benthic) 
Revillagigedo Islands 
(tropical, shallow) 


Leuresthes tenuis San Diego 


(Atherinidae) (inshore, pelagic) 
Gibbonsia metzi San Simeon, California 
(Clinidae) (benthic, intertidal) 
Bathygobius ramosus Revillagigedo Islands 
(Gobiidae) (tropical, shallow} 
Mugil cephalus Mission Bay, San Diego 
(Mugilidae) (inshore, pelagic, tropical 


subtropical) 
San Diego l 
(benthic, estuarine) 


Gillichthys mirabilis 
(Gobiidae) 


Annual 
thermal 
range (°C) nt Lt PŠ Poos Hse. | 
1 9 21 4.8 0 0.540.5 
26 26 18.5 ILI 2540.4 
I 30 26 42.3 15.4 3.340.6 
3 10 29 34.5 —** 10.741.3 
3 1] 27 22.2 —** 9141.1 
3 10 28 21.4 —** 571.5 
5 18 6 66.7 —** 11.0+2.8 
7 16 20 35.0 15.0 5.0+1.1 
10 20 33 18.2 15.2 3.640.7 
10 28 28 28.6 17.9 4.34-0.8 
12 16 23 4.3 4.3 0.5+0.4 
I5 20 30 36.7 20.0 TALL 
20 30 29 30.0 20.0 4641.3 





*The annual thermal range is an approximation of the variation in water (body) temperature a member of the sampled population would exper- 
lence in its native habitat. Our estimates are based on published water temperature data and personal observations. 

tSample size. {Number of loci surveyed. §Percentage of loci polymorphic. 

TPercentage of loci polymorphic when commonest allele has a frequency less than 0.95. 

| Mean individual heterozygosity. determined by actual count of heterozygous genotypes, plus or minus the standard error of the estimate. 


**Samples too small to calculate parameter. 


in population sizes. Unfortunately, we cannot test this possibility 
since we know of no population size estimates for any of the 
species studied. 

A selectionist explanation for the different levels of protein 
polymorphism can be based on the time-divergence hypothesis? ~ 
which proposes that the highest levels of polymorphism will be 
found in populations that have existed for very long time 
periods in centripetal environments, that is, environments which 
minimise evolutionary change because of their’ stability and 
biotic complexity. Such environments are epitomised by 
tropical forests, tropical reef assemblages and the deep sea. The 
assumptions underlying this hypothesis are, first, that hetero- 
zygosity is in general advantageous to an organism in all 
environments because heterosis makes a contribution, however 
small, to fitness. The second assumption is that directional 
selection over geological time erodes genetic variation and 
allelic diversity, whereas stabilising (centripetal) selection allows 
alleles to accumulate. This assumes that allelic diversity accu- 
mulates very slowly in natural populations, Evidence*for the 
latter phenomenon in populations of lizards is discussed by 
M.S. et äl. (in preparation). 

The prediction based on the time-divergence hypothesis is 


number of sympatric species, explicitly assuming that species 
diversity is proportional to competition. Since the richest fish 
faunas are associated with tropical reefs, the tropical species 
would, according to this idea, be predicted to have the least 
variation. They do not. 

Other relevant observations include the low mean hetero- 
zygosities (0.18, 0.32, 0.38) of three northern Pacific fishes of the 
genus Sebastes, collected in localities where the annual 
temperature range is about 9° C, and the high heterozygosities 
found in four phyla of deep sea invertebrates”° and a tropical 
mollusc*!. 

On the basis of our findings and those of other workers, we 
conclude that no strong inference about the selective control of 
allozyme variation can at present be made. But within the 
framework of selectionist arguments, we believe that the available 
data on polymorphism patterns can in many cases be better 
explained by a*time-divergence model of selection than by the 
niche-variati6n hypothesis. 

GEORGE N. SOMERO 
Scripps Institution of Oceanography, 
‘Box 1529, 
La Jolla, California 92037 
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Nitrosation of phenols in smoked bacon 
THE suggestion that nitrosamines could be formed in cured 
meats! has prompted much research into the fate of added 


nitrite in these foods. Because of their carcinogenicity, the major ` 


effort has been directed towards nitrosamine formation in vitro 
in cured meats and in vivo, but other nitrosations reported have 
been those of proteins*, thiols? and creatine and creatinine’. 
We have recently reported our results on the nitrosation of 
liquid smoke emulsions in model systems® and we are prompted 
to report our studies of phenol nitrosation in smoked bacons 
by a recent suggestion that competitive nitrosation of phenolic 
residues may reduce the amount of nitrosamine formation®. 
The smoking of bacon is traditionally accomplished by hang- 
ing the meat in a smoke room filled with hardwood smoke, but 
recently liquid smoke preparations have been incorporated into 
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stituted 2, 6-dimethoxyphenols (syringols)). 

The extraction method from the bacons was essentially that 
described by Issenberg’ with the modifications that 5 N hydro- 
chloric acid was used as protein precipitant and the nitroso/ 
nitrophenols were separated from the phenols by carbonate 
extraction; the final concentrate (100 pl) for analysis being in 
ether solution. Analysis was by gas chromatography on 3% 
poly-(ethyleneglycol) adipate with a twin F1D/thermionic 
nitrogen detector system. Identifications were made on the 
basis of the positive nitrogen detector response (a); combined 
gas chromatography mass spectrometry (GC-MS) (b); high 
resolution specific ion monitoring of GC-MS (c); and the 
comparison of relative (fonenot) retention times with authentic 
compounds, and/or components present in nitrosated liquid 
smoke emulsion (d) (ref. 5). A control sample of green bacon 
was treated similarly and on analysis (highest sensitivity) no 
significant nitrogen containing peaks were observed. 

6-Nitro-m-cresol (C,H,NO;) was found in both bacons, 
in the fried, spray-smoked bacon and its cooking volatiles, and 
in raw and fried traditionally smoked bacon. The specific ion 
scan for m/e 153.04258 (C,H,NO,) in the spray-smoked bacon 
volatiles gave two other peaks of foneno: 1.604 and 1.721. The 
former, is probably the M—O- fragment ion of 6—nitroguaiacol 
(fonenoi 1.607) and the latter corresponds to an as yet unidentified 
peak (fpneno: — 1.735) also present in nitrosated liquid smokeë. 

Both bacons (spray-smoked volatiles and traditional fried) 
contain a peak at fpneno: 1.13 which is also present in nitrosated 
liquid smoke and has been tentatively identified as 6-nitroso4— 
methylguaiacol (C,H,NO,). A specific ion scan of the fried 
traditionally smoked bacon for m/e 167.0582 (CsgH,NO,) pro- 
duced an intense peak at fynenot 1.137 which suggests that this 
is identical to the above nitrosophenol from nitrosated liquid 
smoke. Three other peaks of m/e 167.0582 were identified in 
addition to the above, from this scan, Of foneno: 1.310, 1.712 and 
1.814 respectively. Again by comparison with nitrosated liquid 
smoke the first of these (1.310) is probably the M-—C,H,-: 
fragment ion of 6-nitroso-4-propylguaiacol tentatively identified 
in the former, the second is probably the M-—O- ion from 
6-nitro-4-methyl-guaiacol and the last is unknown. 

Efforts to improve the quantitative aspects of our extraction 
and analysis are in progress but not yet complete; estimates 
of the concentration of the individual nitroso/nitrophenols are 
at least one order of magnitude greater than the volatile 
N-nitroso compounds which have been found in bacon. 

The identifications made to date are summarised in Table 1; 
including the compounds listed, a total of 19 significant nitrogen 
containing compounds were found in extracts from spray- 
smoked bacon and 12 from traditionally smoked bacon. 
Several of these have the same relative retention time as 
compounds identified in nitrosated liquid smokes as nitro- and 
nitroso-derivatives of cresols, guaiacols and 4-alkylguaiacols. 
These observations indicate that nitrite interaction with a wide 


Tabie 1 Nitroso and nitrophenols in smoked bacons 


Spray-smoked bacon 

Volatiles 
6-Nitro-rm-cresol* °4 
6-Nitroguaiacol*>*4 
6-Nitro-4-methylguaiacol®>'4 


Fried 
6-Nitro-m-cresol® e4 


Traditionally smoked bacon 

Fried 
6-Nitro-»1-cresol** 4 
6-Nitroso-4-methylguaiacol™ °4 
6-Nitroso-4-propylguaiacol* 4 
6-Nitro-4-methylguaiacol® *:4 


Raw 
6-Nitro-rm-cresol® °4 


a-d The methods are for identification (see text). 


bacon by either dipping or electrostatic spraying techniques, to 
produce a ‘smoked’ bacon. In a comparison of traditionally 
smoked bacon with one prepared by electrostatic spraying of a 
liquid smoke (supplied by Hercules Powder Co. Ltd, Erith, 
Kent) we have examined bacon samples fron? both processes 
in the raw and fried state and after simulated gaStric digestion? 
of the fried samples; we have also examined the volatiles pro- 
duced during frying. Both of these processes resulted in the 
deposition of phenols in the meat matrix (mainly methylphenols 
(cresols), 4-substituted 2-methoxyphenols (guaiacols) and 4-sup- 


variety of smoke phenols occurs in bacon during production, 
frying and gastric ‘digestion’. 

Some comments about the possible biological effects of 
compounds of these types have been made® but these are based 
mainly on their chemical properties and a proper assessment 
must await further investigation as must the possible role of 
phenol nitrosation as a reaction which competes with N-nitrosa- 
tion for the limifed quantity of nitrite available in cured meat. 
The evidence obtained so far indicates that the formation of 


` nitroso- and nitro-phenols is sufficiently important for it to be 
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taken into account when nitrite-balance studies in smoked 
meats are carried out. 
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Inhibition of inter-microbial 
predation by chlorinated hydrocarbons 


TIDAL or estuarine regions have traditionally served as 
sinks for municipal sewage. Some microbial predators 
in the sea feed on the enteric bacteria contained in such 
sewage’. Recently, the concentration of chlorinated hydro- 
carbons in the sea, especially in estuarine regions, has 
increased although it remains considerably below the con- 
centration which directly affects the viability of predators 
or intestional pathogens. But, estuarine chlorinated hydro- 
carbon concentrations are within a factor of 20 of those 
which we have observed to inhibit the chemotactic res- 
ponse of marine bacteria’. Because bacterial predators are 
chemotactic specifically to exudates of their prey’, inhibition 
of chemotaxis by chlorinated hydrocarbons may directly 
affect estuarine self-purification rates. We report here 
the impact of two chlorinated hydrocarbons, at concentra- 
tions observed to inhibit chemotaxis*, on enteric bacteria 
predation. | 

We examined the rate of kill of Escherichia coli by mar- 
ine predators in the presence of 2,4-dichlorophenoxyacetate 
(2,4-D) and o,o-dichlorobiphenyl. The predators were 
isolated from seawater by repeated subculture in artificial 
seawater’ using E. coli as the sole carbon source, The 
resulting predators displayed positive chemotaxis to E. coli. 
The level of kill of E. coli in 48 h by the predators in 50 ml 
portions of artificial seawater was determined by serial 
dilution and plating in triplicate on EMB agar (Difco) 
containing lactose. The die-off experiments were run in 
duplicate with two flasks placed on a rotary shaker 
(approximately 60 r.p.m.) and two on the laboratory bench 
at room temperature. Initial predator populations were 
estimated by five tube most-probable-number counts using 
the clearing of a tube containing 10 ml of a 108 mi“ 
solution of E. coli in artificial seawater as a positive result. 

We made several attempts to isolate a single predator 
species from the mixed predator culture. Methods used 
included: colony isolation on a broad spectrum of enriched 
artificial seawater-agar or gelatin solid media; isolation by 
serial dilution; or isolation by filtration through a series of 
Millipore filters. In every case a mixed* culture, resulted 
when the isolates were reinoculated into artificial seawater 
with E. coli as the sole carbon source. The predator 
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culture consisted of at least two distinct Spirillum species 
as. well as one motile pseudomonad. The dominant predator 
species (90% by visual count in liquid culture) was a 
Spirillum (approximately 1 xm diameter; two spiral turns). 
The presence of this predator mixture of visable organisms 
was necessary for E. coli lysis. The predator culture filtrate, 
when passed through a 0.45 „m Millipore filter, did not con- 
tain these organisms and also did not produce lysis of 
E. coli. There was no evidence of Bdellovibrios or bacterio- 
phages in the filtrate. 

The mechanism of E. coli lysis by the dominant Spirillum 
does not seem to be direct contact. The lysis mechanism 
seems to be based on the maintenance of a critical con- 
centration of lytic enzymes although we were unable to 
obtain culture extracts which would lyse E. coli cultures 
in the absence of living predator cells. The predacious 
Spirilla utilised materiais available in cell walls in „that they 
could be, subcultured in artificial seawater containing 
washed E. coli cell walls as the sole carbon source. 

Inhibition of kill of E. coli by marine predators in the 


presence of chlorinated hydrocarbons is shown in Table 1. 


A decrease in the rate of kill was generally observed in 
the shaken flasks containing the chlorinated hydrocarbons 
and the percentage kill was no longer directly related to 
the initial population of the predators. In the standing 
flasks, the percentage kill generally decreased in the pres- 
ence of the lower concentration of chlorinated hydro- 
carbons. In the presence of higher concentrations of the 
chlorinated hydrocarbons, the percentage kill of E. coli 


Table 1 Percentage kill of E. coli in 48 h by motile marine predators 
in the presence of chlorinated hydrocarbons 


Initial 2,4-D o, o-Dichlorobipheny] 
predator No 
population chlorinated 107 M 7x10°°M 10°M 10° M 
no. per ml. hydrocarbons 
Standing % Kill of E. coli 
10 - 7 31 0 31 
10° 6 3 32 17 35 
105 30 10 29 13 39 
107 72. 26 41 4] 47 
Fully mixed 
10 20 - 23 29 18 27 
103 54 29 4} 31 44 
10° 61 32 43 30 43 
10’ 71 77 44 55 51 





The initial E. coli population was 10’ ml“. The data are corrected 
for kill observed in the absence of the predators. 


in the standing flasks was generally increased in those flasks 
in which the initial predator population was less than 10! 
mi~, The viability of the predators and of E. coli was not 
affected by either the low or the high concentrations of 
the chlorinated hydrocarbons. This was determined by 
predator cell counts in control flasks Jacking E. coli 
and by E. coli counts in control flasks lacking the predators. 
The activity of the predators also did not seem to be 
affected by the chlorinated hydrocarbons as shown by a 
glucostat determination® in which the rate of consumption 
of glucose’ did not decrease even in the presence of the 
higher concentration of hydrocarbons. 

The lower concentrations of chlorinated hydrocarbons, 
which significantly decreased the percentage kill of E. coli 
by marine predators in shaken culture, are approximately a 
factor of 20 greater than those observed in natural 
ecosystems. Waste effluents, which contain intestinal 
pathogens of Which E. coli is an indicator, may contain 
chlorinated hydrocarbons "at concentrations ten to a hun- 
dred timesegreater than seawater residual levels. Such 
chlorinated hydrocarbons, acting either singly or in com- 
bination, may decrease the level of predator—prey inter- 
actions responsible for self-purification in natural ecosys- 
tems in the vicinity of outfalls. 
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The lower chlorinated hydrocarbon concentrations, which 
decreased the percentage kill of E. coli, are similar to those 
we previously reported to inhibit chemotaxis in motile 
marine bacteria’. The higher hydrocarbon concentrations, 
which increased kill rates in the standing culture flasks 
for lower predator populations, are those which we ob- 
served to increase chemotaxis. This correlation suggests 
‘that the observed changes in Æ. coli kill rates are the result 
of inhibition or excitation of the chemotactic response in 
the marine predators of E. coli. 
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Formation of methylmercury 
in a terrestrial environment 


Woop ef alt demonstrated that the mercury from inorganic 
chemicals can be methylated by aquatic organisms and also, 
enzymatically, by extracts of methanogenic bacteria. Since the 
organic forms of mercury are reported to be more biologically 
available, these methylation processes in aquatic or sedi- 
mentary environments, together with the tendency of methy- 
lated mercury to accumulate in biota, are a major reason for 
bioconcentration of mercury in fish and other organisms found 
in lakes, streams and bodies of seawater that are contaminated 
' with mercury. As methanogenic bacteria also occur in terres- 
trial environments, we have investigated possible organo- 
mercury compound formation in soils contaminated with an 
inorganic mercury compound. 

In a preliminary laboratory study, several 100 g soil samples 
were spiked with ®°°Hg as mercuric nitrate, and incubated. 
Extraction of these samples with hydrochloric acid, followed 
by benzene extraction of the aqueous phase resulted in 
increased activity in the benzene fraction compared with 
reagent blanks. This indicated some conversion of the 
mercuric nitrate to a chemical form more soluble in benzene, 
presumably some organic form. 

These results prompted us to spike small agricultural plots, 
at the Environmental Protection Agency’s experimental farm 
at the Nevada Test Site, with radioactively labelled mercuric 
nitrate. Approximately 1 wCi Hg m~? (specific activity 
2-20m Ci g~ according to the supplier’s specification) was 
applied in the form of an aqueous solution to the bare sandy 
loam soil (soil pH about 8.5). Plots were watered daily, and 
starting at the time of application, soil samples were collected 
periodically and extracted with 2.2 N HCI; organic mercury 
compounds contained in the filtered aqueous solutions were 
extracted into benzene. The benzene extracts were concen- 
trated by column distillation; the concentrate was washed with 
2.2 N HCl, and the mercury compounds extracted into 1% 
cysteine acetate solution as described by G. West66*. The 
mercury compounds in the cysteine acetate solution were then 
extracted into a small volume of a benzene solution of dithizone 
(0.4% w/v). Excess dithizone was rempved by treatment wish 

o 


d.p.m. 
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H,SO, and NH,OH (ref. 3); no attempt was made to achieve 
a quantitative recovery. 

Thin-layer chromatography (TLC) of a portion of the 
dithizonate solution was performed on Gelman silica gel 
instant TLC sheets in a Gelman chromatography chamber 
using a carbon tetrachloride:benzene mixture (75:5 v/v) as 
the mobile phase. Isolated spots consisting of a mixture of 
stable mercuric dithizonate, phenylmercuric dithizonate and 
methylmercuric dithizonate were applied on each side and in 
the centre of the same TLC sheet and developed together 
with the radioactive dithizonate extract, to serve as indicators. 
In control experiments carried out under identical conditions 
the R, values for mercuric dithizonate, phenylmercuric 


200 


100 





CeH;Hg* CH,Hg* 


Fig. 1 Distribution of ?°*Hg on thin-layer chromatography sheet. 


dithizonate and methylmercuric dithizonate were determined 
as 0.19, 0.52 and 0.63, respectively. 

The developed, air-dried TLC sheets were cut immediately 
into horizontal segments using the coloured indicator spots 
of the above-mentioned stable mercury compounds as reference 
points, and the individual segments were analysed for radio- 
activity content by gamma-counting. Figure 1 shows that 
more than one-third of the total activity of the dithizonates 
was concentrated in the range of the methylmercuric dithizonate. 

It is not known whether the activity found in the range of the 
phenylmercuric dithizonate was due to phenylmercuric dithi- 
zonate originating from mercuration of benzene during 
extraction, tailing of the alkylmercuric dithizonate, or to some 
as yet unidentified mercury compound with an R, similar 
to that of phenylmercuric dithizonate. A control experiment 
using a heat-sterilised soil sample which was spiked with 
203H g(NO,). solution and analysed as described above showed 
no activity in the methlymercuric dithizonate range but some 
activity (about 2%) in the phenylmercuric dithizonate range of 
the TLC sheet. A portion (2-10 %) of the total ®°°Hg contained 
in the soil samples was not soluble in 2.2 N HCI after repeated 
extractions. It could, however, be extracted readily into cold 
2.2 N HNO,, indicating some conversion to elemental mercury. 
This conversion is not surprising as certain bacteria can convert 
virtually all mercury compounds into elemental mercury! —. 

These results show that mercuric salts can, under agricultural 
conditions, be transformed into methylmercury. We could 
not differentiate between methyl and dimethylmercury because 
during extraction, dimethylmercury would have been con- 
verted to the monomethyl compound, according to 
(CH;)s,Hg + HCl--CH, + CH,HgCl. The conversion in a 
terrestrial environment of inorganic mercury compounds to 
methylmercury implies that recycling of mercury from soil to 
air and back to soil or water could occur faster than presently 
assumed on the basis of the volatility of metallic mercury and 


‘inorganic mercury compounds alone. Due to the formation 


of methylmercury compounds and their high volatility, 
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mercury compounds deposited in soil are more readily available 
to humans and animals than previously anticipated, the 
consequent health hazard being magnified by the higher 
toxicity of methylmercury. 
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New finding of the ancient primitive 
mollusc Neopilina in the Atlantic 
part of the Antarctic 


THE mollusc Neopilina (Monoplacophora) was first found 20 yr 
ago in the Peru-Chile Trench of the Pacific Ocean’. Neopilina 
has since been found in other places? including various areas of 
the Pacific, the northern Indian Ocean and the Atlantic part of 
the Antarctic. So far, no Neopilina has been encountered in the 
Atlantic Ocean proper, though it probably occurs there. 

The first Neopilina found in Antarctic waters was an im- 
mature specimen of N.(Neopilina). It was 2.3 mm long and 
2.0 mm wide, with five pairs of gills*. It was taken from depths 
of 1,647 m to 2,044 m at the eastern slope of Burdwood Bank 
(54°43’ S, 55°30’ W). 

Neopilina was found for the second time in the Antarctic 
during the eleventh biological cruise of the vessel Akademik 
Kurchatov (1971-1972). The bottom fauna was sampled by this 
expedition in the northern parts of the South Sandwich and 
South Orkney Trenches. One of the sections runs across the 
South Antilles basin (Scotia Sea) and the eastern slope of the 
Falkland shallow. Two deep sea trawlings were made in the 
small trench situated in the north-western part of the Scotia 
Sea. One living adult specimen of Neopilina was found on 
December 14, 1971, 56°29’ S, 50°51’ W. The depth was 4,664- 
5,630 m, and the bottom consisted of mud with sand and pebbles. 

This specimen of Neopilina (Neopilina) was 19 mm long, 
15 mm wide and 8.5 mm high. The mollusc was broken during 
trawling and the edges of its shell overlapped slightly behind, so 
its width is in fact a little greater (by 1-1.5 mm). The apex is 
shifted (as usually) to the front margin and hangs over it. The 
valve surface contains very fine and delicate but pronounced 
concentric folds. The radial striation is the finest and becomes 
visible only under magnification; five pairs.of gills are well 
developed; the labial palpi have short marginal bordering. 

It is quite possible that the small Neopilina (Neopilina) 
specimen found previously on Burdwood Bank? was a young 
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form of the Neopilina we describe. The taxonomic position of 
the small mollusc is being investigated. 

The bottom fauna found with our specimen was very rich and 
diverse, containing more than 20 groups of bottom inverte- 
brates. There were several hundred holothurians (including 
Elpidia—the leading form of bottom fauna here), numerous 
Pourtalesiidae (irregular deep sea urchins) and Ophiuroidea, 
rich population of Polychaeta (Aphroditidae, Flabelligeridae 
and others), various Spongia, Actinia, Pogonophora, Amphi- 
poda and Isopoda. Molluscs (apart from Neopilina) were 
represented by Gastropoda, Prosobranchia and Opistho- 
branchia and Bivalvia (Cyclopecten and Neilo). 

It therefore seems that the food and conditions are quite 
adequate for recent Neopilina and other detritus-feeding bottom 
invertebrates in the South Atlantic eutrophic regions. The hard 
substratum to which Neopilina adheres (stones, manganese 
nodules or pebbles) is dispersed in good quantity in? the Ant- 
arctic region by the action of floating ice. The mucus bacterial 
film or organic detritus in various forms usually existing on the 
surface of such hard substratum is used by Neopilina as food. 
They can easily scrape it off with the long thin denticles of 
brush-like parts of their radula. Therefore the subantarctic 
regions of the Atlantic Ocean are very favourable for them, 
especially the areas influenced by the temperate warm waters of 
the Falkland current washing the slopes of Falkland shallow 
water zone. 

The existence of well-dispersed hard substratum, usually 
covered with bacterial film can explain the existence of Neopilina 
forms even in parts of the ocean very poor in food and bottom 
fauna; for example Neopilina oligotropha in the North Pacific’. 
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Effects of stable chlorine-containng 
organics on aquatic environments 


DuRING 1962, approximately 60,000 tons of chlorine were 
added to the effluents of sewage treatment plants in the 
United States! and subsequently released to surface waters. 
By 1970, it was estimated that 100,000 tons of chlorine were 
added annually, and the quantity will continue to increase 
as municipalities are required? to provide at least secondary 
treatment for sewage by July 1, 1977 (ref. 3). Principal! re- 
actions of chlorine in natural waters, besides hydrolysis, are 
with ammonia and organic amines**, Reactive chlorine resi- 
duals, for example, hypochlorites, inorganic and organic 
chloramines, ame characterised by reactive chlorine which 
would decompose or be consumed in various chemical re- 
actions’. Jolley’ has identified seventeen stable chlorine- 
containing organic compounds at low ug 17! concentrations 
in chlorine-treated sewage effluent. The persistent nature of 
these compounds, which are characterised by chemically 
stable or inert C-Cl bonds, suggests potential for their 
atcumulation in receiying surface waters*’. 
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Research on the toxicity of reactive chlorine residuals to 
aquatic life has been extensive®. The identification of stable 
chiorine-containing organics has revealed a group of reaction 
products which arise from chlorination. Not only are the 
toxicities of these compounds unknown, but analytical 
methods used for measuring concentrations of reactive 
chlorine residuals fail to account for their presence. The 
identification of stable chlorine-containing organics indicates 
the need for further research in order to evaluate the total 
toxicity of all reaction products formed from chlorine 
released into natural waters. 

We report here data on the toxic effects of two species 
of stable chlorine-containing organic compounds, 4- 
chiororesorcinol and 5-chlorouracil, on the hatchability of 
carp (Cyprinus carpio) eggs. 

Gravid carp were collected and spawned artificially in the 
laboratoty as described before’. Tests were run on eggs 
fertilised and left undisturbed for 30 min before addition of 
test solutions (water-hardened eggs) and on eggs fertilised 
immediately in the test solutions (non-water-hardened eggs). 
The latter were subjected to the toxicant during the harden- 
ing procedure. After 30 min the aqueous solutions were 
decanted and fresh solutions of the appropriate chemical 
concentrations were added. For each chemical, tests were 
run at two témperatures (21° and 26°C) with nine concen- 
trations (ranging from 0.001 to 10 mg I~‘) plus controls. Two 
replicates (200-400 eggs each) were performed for each 
concentration. After the water-hardening period the con- 
tainers were kept in controlled environment rooms at 21°C 
or 26°C until the eggs hatched (about 3 d at 26°C and 7 d at 
21°C). Twice daily during this period solutions were changed 
and dead eggs and those infected with fungus were recorded 
and removed. 
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Fig. 1 Response (hatching success) of carp eggs. *Response 

significantly below (@<0.05) controls. Black columns, 4-chloro- 

resorcinol; hatched columns, 45-chlorouracil; ~~~, control 
' response. 


All concentrations were based on serial dilutions prepared 
in the laboratory rather than in vivo measurements. 
Although the latter is desirable, sensitive analytical 
procedures are not yet ready for use. These chemicals are 
relatively stable and the total test period for a run was 
always less than a week; therefore, qualitative and (or) 
quantitative changes in the test medium would not be 
expected. 

Results of the tests were scored on the basis of the 
percentage of the eggs initially placed in g container that 
hatched. The responses from the replicates,at each dose 
were tested and not found to be significantly different 
a=0.05, assuming a normal approximation to the binomial 
distribution); therefore the replicates were pooled to give the 
percentage responses shown in Fig. 1. The mean of the two 
replicates at each concentration was then compared with 
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the mean of the controls (Fisher’s exact test)! to determine 
if a significant decrease in hatchability occurred. 

Comparison of the relative toxicity of the two chemicals 
on non-water-hardsned eggs at the two temperatures (Fig. 1) 
indicates similar toxicity with concentrations of 0.001 mg 1"! 
significantly lowering hatchability in all but the 26°C 
5-chlorouracil test medium. This level (0.001 mg 17t) is below 
the estimated concentrations of stable chlorine-containing 
organics present in effluents of waste water treatment plants’. 
There seems to be an area at the midrange of concentrations 
(about 0.05 mg I~’) where no significant effect on hatchability 
was seen. Whether this resulted from some physical or 
physiological relationship between toxicant levels and eggs, 
or possibly from some fungicidal activity of the chemical, is 
not known and deserves further study. This phenomenon 
does not detract from the results, however, since the 
0.001 mg 1~* concentrations exhibited a significant reduction 
of hatchability. This level (0.001 mg 1~*) cannot be taken as 
the lower incipient lethal level since lower concentrations 
were not tested. 

Eggs that were water-hardened before exposure to the 
toxicants were more resistant to the toxicants than were 
non-water-hardened eggs (Fig. 1). Hatching success of 
water-hardened eggs was similar to or greater than the 
controls for most of the dose range of toxicants tested, 
whereas in the non-water-hardened eggs hatching success 
was always lower than controls (with the exception of 
0.1 mg I of 4-chlororesorcinol at 21° C). There were no 
toxic effects except at concentrations > 0.1 mg I” of 
4-chlororesorcinol. No toxic effects of 5-chlorouracil were 
seen in water-hardened eggs at 21°C, whereas hatchability 
was Significantly lowered at concentrations > 5 mg I at 
26°C. 

The data presented here show that both 5-chlorouracil and 
4-chlororesorcinol significantly decreased the hatchability 
of non-water-hardened carp eggs when tested in concentra- 
tions as low as 0.001 mg 1. Results of our research are 
important not only as the first source of data on toxicity of 
specific stable chlorine-containing organics, but as a signal 
that such compounds (which have now been reported to be 
formed in reactions of chlorine with organic matter in 
natural waters)? need to be considered in future tests of 
chlorine toxicity. 

This work was sponsored by the US Atomic Energy 
Commission under contract with Union Carbide Corpofation. 
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book reviews 





New philosophy at Leiden 


Physics at I7th and 18th Century 
Leiden: Philosophy and the New 
Science in the University. By Edward 
G. Ruestow. Pp. 174. (International 
Archives of the History of Ideas. Series 
Minor 11.) (Nijhoff: The Hague, 1973.) 
24.50 guilders. 


WiTH the growing interest in the 
external relations of science during 
recent years, increasing attention has 
been devoted to a study of the deve- 
lopment of science within various in- 
stitutional contexts. While the major 
thrust of this research has focused 
upon social factors, there has also been 
some attention given to the develop- 
ment of ideas within the institutions 
themselves and, particularly in the 
wake of Kuhn’s seminal book, various 
attempts to delineate the institutional 
implementation of new scientific ideas 
to replace the old ones. E. G. Rues- 
tow’s study treats the development of 
one science at a single institution dur- 
ing a two-century period. As such it is 
a useful case study of the change in 
scientific orientation within firmly 
fixed temporal and spatial limits. 

The University of Leiden was 
founded in 1575 as the first Dutch 
university. With an amazing rapidity it 
achieved a position of eminence which 
it has retained through most of its life. 
Though it had a small beginning with 
only ten professors, it gradually ex- 
panded, and what it lacked in size it 
made up in quality. Already in the 
seventeenth century it had a notable 
library and numerous distinguished 
professors, not only in scientific sub- 
jects, but perhaps even more pre- 
eminently in humanistic disciplines. 
Ruestow selects one strand of its deve- 
lopment during the first two centuries 
of the university’s life and attempts to 
trace the fortunes of physics teaching. 
The bulk of his book centres on the 
period from Burgersdijk to Musschen- 
broek (about 1610-1760). 

Franco Burgersdijk was the first 
philosophy professor at Leiden to gain 
international distinction. As Dibon’s 
careful researches have shown, his text- 
books went through many printings not 
only in Holland, but in England as 
' well, Burgersdijk’s books on logic and 
natural philosophy being part of the 
staple diet of students at seventeenth- 
century Oxford and Cambridge. The 
chapter on him is a useful summary, 


though it does not really penetrate as 
deeply into the sources and charac- 
teristic organisation of Burgersdijk’s 
writings as one might wish. After Bur- 
gersdijk’s passing, his Aristotelian 
orientation gave way to the attempts 
at a Peripatetic-Cartesian synthesis in 
natural philosophy, particularly on the 
part of his successors Heereboord and 
De Raey. After a period of Aristotelian 
counterattack, experimental philosophy 
begins at Leiden, the first request being 
made in 1694 to ‘institute an experi- 
mental approach to physics. Naturally 
enough, the early work was on the 
beaten path of vacuum experiments 
and other topics which had become 
subject to this new approach during the 
previous half century. Early in the 
eighteenth century, however, the New- 
tonian revolution reached Leiden and 
principally through the efforts of 
’sGravesande and Musschenbroek be- 
came firmly established. Thus Leiden’s 
university became one of the first to 
espouse the “new philosophy”. 

Ruestow’s story is an interesting one 
and it bears comparison with the 
situation in other universities. Though 
he does not bring to light any new 
sources, he makes good use of the 
available ones. Not only has -he read 
extensively in the writings of the pro- 
fessors themselves, but he makes ample 
use of the documentary history of the 
university, especially of the magisterial 
compilation of sources published by 
Molhuysen more than a half century 
ago. Moreover, he brings to general 
attention and summarises the results of 
various specialised Dutch studies touch- 
ing on the topic. Perhaps one could 
have wanted a more detailed biblio- 
graphy not only of the publications of 
the professors, but also the hidden 
articles on their lives. Too often the 
Nieuw Nederlandsch Biografisch 
Woordenboek is uniquely relied on. 
Moreover, it seems to this reader that 
a slight distortion has been introduced 
by taking the study of physics too 
much in isolation from other subjects 
being taught at Leiden (such as 
botany, medicine, and chemistry, as 
well as theology). More could also be 
learned about outside influences, 
especially from Italy. 

In conclusion, here is a good, solid 
study of a limited area of investigation. 
It is generally a reliable guide to the 
subject and, if not as exciting as it 
might have been, it should serve to 
recall to English readers the import- 

a 


anze of Leiden as a scientific centre. 
What is more, it is written in a sober 
and value-free way, which is important 
at a time when many historical studies 
are infected with attempts to show that 


‘one or another present-day philosophy 


of science is the uniquely true one. 
C. B. SCHMITT 


Tropical diseases 


Trypanosomiasis and Leishmaniasis 
with Special Reference to Chagas 
Disease. Pp. xii +353. (Ciba Foundation 
Symposium 20 (new series) held jointly 
with the Venezuelan Academy of 
Sciences and “La Trinidad? Medical 
Center, Caracas.) (Elsevier/Excerpta 
Medica/North Holland: Amsterdam, 
London and New York, 1974.) Df1.46; 
$18.40. 


AMONG the most important diseases of 
man in tropical and subtropical coun- 
tries are Chagas’ disease in America, 
sleeping sickness in Africa and leish- 
maniasis, in its various forms, in both 
the Old and New Worlds. These diseases 
are very different from one another but 
they have one thing in common; they 
are all caused by flagellates belonging to 
the order Kinetoplastida. Clinicians 
and research workers all over the world 
are studying isolated aspects of the bio- 
logy of these flagellates and this sym- 
posium represents a commendable 
attempt to bring some of them together 
and to pool their findings and thoughts. 

The fourteen papers in this collection 
are all by recognised authorities. Three 
are devoted to Chagas’ disease, three to 
sleeping sickness and two to leishmania- 
sis. Six cover all three diseases and the 
discussions which follow each paper 
also contribute to this common theme. 

The taxonomic framework of the 
Kinetoplastida is summarised by 
W. H. R. Lumsden and there are chap- 
ters on ultrastructure (K. Vickerman), 
nutrition and biosynthesis (W. Trager), 
intermediary metabolism (J. B. R. Bow- 
man), chemotherapy (B. A. Newton) 
and drug resistance (W. Peters). Sleep- 
ing sickness is considered from the 
points of view of epidemiology (J. R. 
Baker), pathogenesis (L. G. Goodwin) 
and immunity and antigenic variation 
(P. de Raadt). The coverage of leish- 
maniasis is restricted to its epidemiology 
(R. S. Bray) and the clinical immuno- 
pathological aspects of American cutan- 
eous leishmaniasis (J. E. Convit and 
M. E. Pinardi). The epidemiology of 
Chagas’ disease is described by R. 
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Zeledón and there are two chapters on 
its pathology, one by A. Anselmi and 
F. Moleiro and the other by F. Kéberle. 

Most of the chapters are well written 
and straightforward accounts which 
reveal both the extent of and gaps in 
present knowledge. The two chapters on 
the pathology of Chagas’ disease repre- 
sent alternative views. The section on 
antigenic variation in trypanosomiasis 
is probably the most speculative in the 
symposium and the one least likely to 
survive the passage of time. 

What emerges is an excellent state- 
ment of the present situation with 
regard to these diseases. Much of it is 
a textbook and will be used as such. It 
is also a source book for those seeking 
new (or first) fields to conquer and a 
reference book for those involved in 
teaching, research and clinical medicine. 
Two points, however, may confuse un- 
initiated readers. Leishmania aethiopica 
is mentioned on pages 102 and 250 but 
not in the check list in the first chapter. 
Although described after the meeting, 
this parasite should have been added in 
proof. Schizotrypanum is given sub- 
generic status in chapter 1 but occasion- 
ally reverts to generic status during sub- 
sequent discussions. 

One fact comes over above all others 
from this symposium, the deficiency in 
understanding of Chagas’ disease. Here 
is a disease that affects 35 million people 
and in parts of Brazil is responsible for 
one third of all adult deaths. Yet we do 
not know how many forms of the causa- 
tive agent, Trypanosoma cruzi, exist nor 
do we have a single drug that is effective 
once the parasite reaches its host cell. 

F. E. G. Cox 


History of salt water 


The Development of the Chlorinity/ 
Salinity Concept in Oceanography. By 
Wiliam J. Wallace. Pp. xii+227. 

Elsevier Oceanography Series, Vol. 7. 
(Elsevier: Amsterdam, London and 
New York, 1974.) Df.46; $17.70. 


THE author starts with a careful sum- 
mary of Greek and Arabic writings 
about salt, mineral waters and sea- 
water. Errors that appear in Riley and 
Skirrow are repeated in a paragraph 
quoting a fetter from Synesius to 
Hypatia describing a ‘hydrometer in 
about 410 ap. Boyle’s Observations 
and Experiments on the Saltness of 
the Sea is treated as a landmark, and 
also Halley’s study of evaporation, 
particularly his work on the Mediter- 
ranean Sea, and on condensation at 
higher levels as he saw it in St Helena. 
Lavoisier is shown as mainly interested 
in medicinal waters though adding con- 
siderably to what was known about the 
sea. Bergman’s analyses began to hint 
that the main constituents of sea salt 
are always present in the same propor- 
tions. å 


The careful work of John Murray, 
published in 1818, brought reproduci- 
bility to sea water analysis. Marcet 
formulated the principle of constancy 
of composition in 1819, and Forch- 
hammer, and Dittmar who analysed 
samples collected during HMS Challen- 
ger’s circumnavigation, confirmed it. 
Measurement of total solids by evap- 
oration does not give consistent results, 
and experience showed that for com- 
mon use it is better to rely on estimated 
values based on measurements of 
chlorine content. Sorensen in Sweden 
and Knudsen in Denmark put the pro- 
cedure on a systematic basis by care- 
ful work in 1899-1902. They refined 
the methods, initiated a distribution 
of Standard Sea Water for everyone 
to use, and published tables relating 
chlorinity to salinity and density, so 
that before long all results could he 
combined into maps and sections suf- 
ficiently detailed and consistent to trace 
water movements, and to work out 
pressure patterns. There was no reason 
other than some self satisfaction or 
sense of completeness why salinities 
should have been plotted rather than 
the chlorinities on which they were 
based. 

The final part of the book deals 
with changes inspired by more recent 
improvements. The measurement of 
electrical conductivity is now an easier 
and more accurate routine than 
chlorine determination, and salinity has 
been newly defined in terms of con- 
ductivity. The author reviews the prob- 
lems that remain. The Standard Sea 
Water is being used as a reference for 
conductivity instead of  chlorinity, 
though each main batch is ‘checked. 
The difficulties of measuring absolute 
conductivity and density are still not 
surmounted. So iong as careful checks 
are maintained the standards are 
adequate, but the author thinks we 
may lose if unquestioning acceptance of 
constant relationships between chlor- 
inity, electrical conductivity, density, 
and other physical properties and 
chemical constituents, discourages 
critical study of small exceptions to the 
rule. Such exceptions may, as refined 
methods are more widely used, provide 
new lines of investigation into the 
onigin and history of water mixtures. 

The author has done a great service 
to the history of marine chemistry. 
Judging from his text and very exten- 
sive bibliography his work seems to have 
been completed in about 1970, or he 
would have included something about 
Kremling’s (1971) new method of 
measuring density, and recent reports 
of the Joint Panel on Oceanographic 
Tables and Standards, set up by Unesco 
and the international marine Science 
organisations to take care Sf the new 
problems. 

° G. E. R. DEACON 
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Abandon dualism 


Quantum Mechanics in a New Key. By 
Alfred Landé. Pp. x+130. (Exposition: 
New York, 1973) $6.50. 


Tne author states in the introduction his 
intention to derive quantum mechanics 
from three non-quantal postulates. These 
are: symmetry (the probability Pha 
connecting two states a and B is two- 
way symmetric, so that Pag = Pba), cor- 
respondence (the probabilities connecting 
various pairs of states are to be interde- 
pendent by way of a general theorem 
which is to yield the ordinary probability 
addition law Pey = LZpPapPoy 
in the average; and covariance (there 
are no preferred zero points for energy 
and momentum, nor for time and space 
coordinates). In this way the author hopes 
to demonstrate that quantum mechanics 
is a logically consistent theory of prob- 
ability and symmetry, and that the’ wave- 
particle dualism which emerged in the 
early history of the subject may now be 
abandoned as an unnecessary mystifica- 
tion. 

In chapter 1 he discusses several critical 
experiments, and uses Duane’s theory of 
diffraction, originally put forward to 
explain the diffraction of photons, to 
show how wavelike effects such as inter- 
ference may be explained without assum- 
ing the existence of matter waves. In 
chapters 2 and 3 the first and second 
postulates are introduced and their con- 
sequences are considered; these are 
further developed in chapter 4. The third 
postulate and its consequences are dis- 
cussed in chapter 5. Statistical thermo- 
dynamics is briefly considered in chapter 
6; the author returns to his main theme 
of observation and interpretation in 
chapter 7. 

The aims of the book are admirable, 
and most physicists would probably 
accept the philosophy which it expounds. 
The lack of mathematical rigour would not, 
in itself, be a disadvantage in a book of 
this kind, but unfortunately the author’s 
conclusions do not always seem to 
follow from his postulates. For example, 


the statements Pap =] asl? where 
Veo PF and Poy = dip Yop Psy do 


not obviously follow from the first two 
postulates. Rather these should them- 
selves be regarded as the basic postulates, 
from which the first two postulates are 
then easily deduced. Symmetry and cor- 
respondence provide a guide to the choice 
of postulates, rather than themselves 
being postulates. The deduction of the 
result ‘VY, = Cexp(2impgq/h) in chapter 5 
from the postulate of covariance, and 
the derivation of the Schrodinger wave 
equation from this result are elegant, but 
I think that the reader would have been » 
helped by a more detailed explanation of 
the mathematical reasoning behind the 
steps of the arguments. 
J. E. G. FARINA 
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obituary 


B. E. Bykhoyskii 


ACADEMICIAN BORIS EVSEEVICH 
BYKHOVSKII, a leading Soviet parasit- 
ologist, and Director of the Institute of 
Zoology of the Academy of Sciences 
of the USSR, died on January 26, 1974. 

Bykhovskii was born in 1908, in St 
Petersburg, and was educated at Lenin- 
grad University, graduating from the 
Biology Department in 1930. His first 
scientific post was as a laboratory assist- 
ant at the Institute of the Fishery 
Industry; by 1939, when he left the 
Institute, he had risen to the rank of 
senior scientist. In 1939, he moved to 
the Institute of Zoology of the Academy 
of Sciences of the USSR, which was 
from then onwards the centre of his 
scientific activity. From 1940-44 he 
worked in Tadjikstan as Deputy Chair- 
man of the Tadzhik branch of the 
Academy, playing a great part in the 
transformation of this branch into the 


new Academy of Sciences of the Tad- 
zhik SSR. From 1942-59 he was Head 
of the Laboratory of Helminthology of 
the Institute of Zoology of the Academy 
of Sciences of the USSR, and, simul- 
taneously and until 


In 1962 he became director of the 
Institute, a post which he was to hold 
for the rest of his life. In 1960 he was 
elected a Corresponding Member and 
in 1964 a Full Member of the Academy 
of Sciences of the USSR. 

Bykhovskii’s main field of research 
was the helminths of fish. His publica- 
tions, however, deal with a considerable 
range of associated problems of general 
parasitology, ecology and evolution. He 
organised over twenty-five scientific 
research expeditions and was founder 
and Editor in Chief of the journal 
Parasitologiya. i 

His best-known papers include Con- 
tributions to Knowledge about Mono- 
geneic Trematodes with a Primitive 
Fastening Armature (1955); Informa- 


1962, Deputy. 
Director of the Institute of Zoology. 


tion on Monogeneic Trematodes in the 
Fishes in Tadjikstan (1960), The Mono- 
geneic Trematodes of Silarus glanis 
(1966); and Results and Further Pros- 
pects of the Work of Soviet Parasitolo- 
gists in the Study of Parasites of Fish 
in the Seas of the USSR. 

In September 1965, at the joint 
session of the Presidium of the 
Academy of Sciences of the USSR and 
other scientific institutions, Bykhovskii 
was among those who strongly criticised 
Lysenkoism and its adverse effect on 
Soviet science. His support for the anti- 
Lysenkoists was of particular import- 
ance, aS, unlike several other critics, 
Bykhovskii was a keen Party member 
with an active interest in politics, and 
from time to time held official positions 
in the Leningrad City and Regional 
Party organisations. 

For his services to science and to the 
fishing industry, Bykhovskil was 
awarded a number of Soviet decorations 
including the Order of Lenin and the 
Order of the Red Banner of Labour. 





P. K. Anokhin 


ACADEMICIAN PETR. Kuz’MICH ANOKHIN, 
the eminent Soviet physiologist and 
brain specialist, died on March 6, 1974. 

Anokhin was born on January 27, 
1898, in Tsaritsyn (later Stalingrad and 
now Volgodrad). The son of a worker, 
he began his studies at the local 
agricultural and technical college, but, 
in 1917, these studies were interrupted 
by the revolution. Anokhin, whose 
sympathies were with the revolution- 
aries, took an active part in the defence 
of Trasitsyn and in the establishment of 
Soviet rule in the Don area, becoming, 
towards the end of the civil war, Com- 
missar of Publications in Novocher- 
Kassk, and editor of the newspaper 
Krasnyi Don. In this latter capacity, 
while browsing for subject matter for 
popularised science articles, he hap- 
pened upon a publication of the Lenin- 
grad Brain Institute, and became 
fascinated by the work of Bekhterev and 
Pavlov on conditioned reflexes, 

When the civil war ended; Anokhin 
was able, through the intervention of 
A. V. Lunacharskii, People’s Com- 
missar for Culture, to transfer his 
Studies to the Leningrad Institute of 
Medical Science where he graduated in 
(926. After graduation, he proceeded to 
Pavlov's own laboratory, working and 


studying under Pavlov and Bekhterev 
until 1930, when he was appointed 
Professor of the Department of Physio- 
logical Medicine at the University of 
Gor’kii, a post which he held until 1934. 
Later positions included Head of the 
Department of General Physiology of 
the Higher Nervous System at the All- 
Union Institute of Experimental Medi- 
cine (1934-46), Director of the Institute 
of Physiology of the Academy of 
Medical Sciences of the USSR (1946- 
49), Head of the Departments of 
Physiology and Pathology of the Higher 
Nervous System at the Central Post- 
Graduate Medical Institute (1936-49 
and 1953-55), and Head of the Depart- 
ment of Normal Physiology of the 
I. M. Sechenov Moscow Medical 
Institute. During the Second World War 
he served as neurosurgeon and assistant 
to the renowned surgeon Nikolai N. 
Burdenko. 

Throughout his working life, Anokhin 
maintained the interest in conditioned 
reflexes and the action of the brain, 
which had first attracted him to neuro- 
physiology. He extended and amended 
Pavlov’s fundamental ideas in the light 
of later research and put forward a 
highly complex picture of brain reaetion 
to stimuli, involving a number of areas 
df the brain, including subcortical areas. 
One of his postulates was that some 
‘intention’ to perform an action must 


emerge between stimulus and reaction. 
Other fields in which he did notable 
work included the physiological theory 
of the neural cicatrix, the theory of 
pathogenesis of amputation pains and 
central paralysis, and medical cyber- 
netics. 

His numerous publications include 
Problem of the Central and Peripheral 
Nervous systems in the Physiology of 
Nervous Activity (1935); Neuroplasty 
for Battle Injuries of the Peripheral 
Nervous System (1944); Systemogenesis 
as a General Rule of the Evolutionary 
Process (1948); General Principles of the 
Compensation of Functional Perturb- 
ances and their Physiological Basis 
(1954), Internal Inhibition as a Problem 
of Physiology (1958); and The Biology 
and Neurophysiology of the Con- 
ditioned Reflex (1967) for which he was 
awarded a Lenin Prize in 1972. He also 
wrote a life of Pavlov (1949), edited a 
number of collections of essays (the 
most recent being Cybernetic Aspects in 
Studying Brain Action (1970)), was 
Physiology Editor for the large and 
small medical encyclopaedias and con- 
tributed a preface to the Russian edition 
of R. Ashby’s Construction of the Brain. 

‘He was a member of the Executive 
Committee of the International Organis- 


ation for Brain Research, and repre- 


sented his country at a number of 
international conferences, including the 
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International Congresses of Physiolo- 
gists in Brussels, 1956), and Buenos 
Aires (1959), the International Organisa- 
tion for the Study of the Brain (Paris, 
1960) and the International Symposium 
on the Development of the Brain (USA, 
1963). He was elected a member of the 
Academy of Medical Sciences of the 
USSR in 1945 and a member of the 
Academy of Sciences of the USSR in 
1966. 








Announcements 








Appointments 


Robert C. Seamans, jr., has been re- 
elected President of the National 
Academy of Engineering. 


Awards 


J. Erik Jonsson has been awarded the 
Founders Medal of the National 
Academy of Engineering. 


Ivar Giaever has been awarded the 
Viadimir K. Zworykin Award of the 
National Academy of Engineering. 


Corrigendum 


In the article “New species of Dryopi- 
thecus from Kenya” by P. Andrews 
(Nature, 249, 188; 1974), in the descrip- 
tion of Rangwapithecus, a new sub- 
genus of Dryopithecus, the type species 
of the new subgenus is the one first 
listed, namely Dryopithecus (Rangwapi- 
thecus) gordoni. 


Erratum 


In the article “The neurogenic and 
myogenic hypotheses in human 
(Duchenne) muscular dystrophy” by 
W. H. Thomson, J. C. Sweetin and 
R. A. Elton, (Nature, 249, 151; 1974) 
in line 9 of the legend to Fig. 1, 33 
should read 23. 4 


Reports and publications 
Great Britain 


World Health Organization. International Health 
Regulations (1969), Second annotated edition. Pp. 
102. (Geneva: WHO; London: HMSO, 1974.) 
Sw. fr. 6. [211 

Berichte des Deutschen Wetterdienstes. Nr. 132: 
Uber den Leistungsstand des Baroklinen Modells 
des Deutchen Wetterdienstes:Ergebnisse der Pru- 
fung Numerischer Vorbersagekarten 1970-1972. 
Von W. Buschner, H. Oeckel, J. U. Schwirner 
und K. O. Wegner. Pp. 38. Annalen der Me- 
teorologic (Neue Folge) Nr. 8: Die Entwicklung 
der Meteorologischen Beobachtungen in Kranken 
und Bayern bts 1700. Von FritzKelnim. Pp. 50. 
Annalen der Meteorologie, (Neue Folge), Nr. 7: 
The Planetary Boundary-Layer of the Atmosphere. 
oY F. Wippermann. Pp. x + 346. (Offenbach 
a.M.: Selbstverlag des Deutschen Wetterdienstes, 
1973.) {211 


US Department of Health, Education and Wel- 
fare. Public Health Service—National Institutes 
of Heaith. National Cancer Program. Report of the 
Director, aa 1973. Pp. 42. Report of the 
National Cancer Advisory Board. January 1973. 
Pp, 11. The Strategic Plan, January 1973 Edi- 
tion, Digest of Scientific Recommendations for the 
National Cancer Program. (Bethesda, Md: US 
Department of Health Education and Welfare, Na- 
tional Institute of Health, 1973.) [221 

CERN—European Organization for Nuclear Re- 
search, CERN 73-17: Elements d’Analyse Nu- 
merique et leur Programmation en Fortran IV. 
Premiere partie: Calcul des Derivees Successives 
d'Une Fonction d’Une Variable Reelle. Applica- 
tions aux Developpements de Taylor, de Burmann 
et de Thiele. Par F. Louis. Pp. 61. (Geneve: 
CERN, 1973.) [231 

World Health Organization. Public Health Pa- 
pers No. 54: Control of Air Pollution in the 
USSR. By N. F. Izmerov. Pp. 157. (Geneva: 
WHO; London: HMSO, 1973.) Sw. fr. 9; £1.35. 
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eral Report 1972. Pp. 230. (Neuilly-sur-Seine: 
European Space Research Organization, 1973.) 
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World Health Organization. Technical Report 
Series, No. 532: Trace Elements in Human Nu- 
trition—Report of a WHO Expert Committee. 
Pp, 65. (Geneva: WHO; London: HMSO, 1973.) 
Sw. fr. 5; 75p; $1.75. [281 
_ The Development of Electronic Data Processing 
in Manpower Areas. Pp. vii -+ 350. (Paris: 
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Carte de la Végétation du Bassin Genevois, 
Notice Abrégée de la Carte de la Veégétation 
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missinoff. Pp. 19 (Genève: Conservatoire et 
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Bulletin of the British Museum (Natural His- 
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Forey. T 1-222. (London. British Museum 
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tute of Terrestrial Ecology, Merlewood Research 
Station, 1973.) 50p. [152 
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Zoological Society of London. Pp. 55. £5.15. 
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Government Statistics: a Brief Guide to Sources, 
Pp. 16. (London: Central Statistical Office, Great 
George Street, SW1, 1974.) [252 


Philosophical Transactions of the Royal Society 


of London: B: Biological Sciences. Vol. 267, No. 
885; The Central Nervous System of Loligo. 1: 
The Optic Lobe. By J. Z. Young. Pp. 263-302 + 
plates 8-18. UK £2.65; Overseas £2.75. Vol. 
267, No. 886: On the Growth and Form’ of a 
Bacterial Cell. By R. H. Pritchard (Review Lec- 
ture). Pp. 303-336. UK £1.20; Overseas £1.25. 
(London: The Royal Society, 1974.) £262 

Medical Research Council. National Institute 
for Medical Research—-Report for 1972/3. Pp, 150. 
(Londen: National Institute for Medical Re- 
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Memoirs of the Royal Astronomical Society, 
Vol. 78, Part 1: Fine Structure in Radio Sources 
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Readhead and A. Hewish. Pp. 1-49. (Oxford 
and London: Blackwell Scientific Publications, 
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Other countries 


Anuario del Observatorio Astronomico de Ma- 
drid papa 1974. Pp. 386. (Madrid: Observatorio 
Astronomico, Alfonso XII, 3, 1973.) [212 

Bibliographien des Deutschen Weetterdienstes, 
Nr 27: Agrarmeteorologische Bibliographie 1972, 
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Bulletin of the Fisheries Research Board of Can- 
ada, No. 182: Morphology and Sediments of the 
Gulf of St. Lawrence. By D. Loring and 
D. J. G. Nota. Pp. xiv+147. (Ottawa: Infor- 
mation Canada, 1973.) $5. [252 

Le Conseil des Recherches Agricoles du 
SA Recherches Agronomiques Sommaire des 

ésultats, 1971/1972, No. 17. Pp. 157. (Quebec: 
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1974.) 252 
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United States Department of the Interior: 
Geological Survey, Bulletin 1304: Mineral Re- 
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Idaho. By F. W. Cater et al. Pp. xiv-+-431. (Wash- 
ington DC: Government Printing Office, 1973.) 
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nique Outre-Mer, Paris. Initiations--Documen- 
tations Techniques No. 22: l’Aluminium dans les 
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International Nickel Company of Canada, Ltd., 
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Classified Advertisements 


CONDITIONS. All advertisements will only 
be accepted on the condition that the advertiser 
warrants that the advertisements do not in any 
way contravene the provisions of the Trade 
Descriptions Act 1968 and the Race Relations Act 
1968. The Publisher also reserves the right to 
refuse, amend, withdraw or otherwise deal with 
all advertisements submitted to him at his absolute 
discretion and without explanation, All advertise- 
ments must comply with the British Code of 
Advertising Practice. 

The Publishers will not be liable for any loss 
occasioned by the failure of any advertisement to 
appear from any cause whatever, nor do they 
accept liability for printers’ errors, although 
every care is taken to avoid mistakes. 
Semi-displayed £3.60 per 10 mm. Minimum £7.20, 
each additional 2 mm 72p. Full page £230.00. Half 
page across £125.00. 30p is charged for the re- 
direction of replies to advertisements with a box 
number. 

ADVERTISEMENTS SHOULD BE ADDRESSED 
TO: T. G. Scott and Son, Limited, I Clement's Inn, 
London, WC2A 2ED. Telephone: 01-242 6264. 
Telegrams: Textualist, London, W.C.2, 





APPOINTMENTS VACANT 





GEOPHYSICIST 
ae 


The Lamont-Doherty Geological Observatory of 
Columbia University announces a position with the 
seismology group as a Research Associate or 
Senior Research Associate. Candidates must have 
a strong background in seismic instrumentation 
and data analysis and will be expected to jead 
axisting and initiate new programs of research 
involving observations of earth strain, tilt, and 
long-period seismic waves. Qualified candidates 
are invited to submit a résumé of their qualifica- 
tions, publications, names and addresses of three 
references by August 15, 1974, to Dr. Lynn R. 
Sykes, Lamont-Doherty Geological Observatory, 
Palisades, New York 10964. Columbia University 
is an equal opportunity employer. 


(2260) 


CAMBRIDGE UNIVERSITY 
DEPARTMENT OF GENETICS 


Application are invited from microbial or 
molecular geneticists for a University Demonstra- 
torship that is expected to be available from 
October 1, 1974, or sooner. , 

The scale of stipends from October 1, 1974 will 
be £2,247 a yeur rising by annual increments to 
£2,931 or, if the person appointed is resident in 
College, £2,148 rising to £2,832. 

Further particulars may be obtained from the 
Secretary of the Appointments Committee of the 
Faculty of Biology ‘A’, Department of Applied 
Biology, Downing Street, Cambridge CB2 3DX, to 
whom applications should be sent before June 21, 
1974, ; (2254) 





UNIVERSITY OF GLASGOW 
DENTAL HOSPITAL AND SCHOOL 
RESEARCH ASSISTANTSHIP IN 

BIOCHEMISTRY 


Applications are invited for a RESEARCH 
ASSISTANTSHIP in BIOCHEMISTRY, tenable 
for a period of three years from September or 
October 1974. 

Candidates should have an Honours Degree in 
Biochemistry or an allied subject. There will be 
an Opportunity to apply to register for a higher 
degree. i 

The work will involve a study of salivary 
proteins with a view to correlating abnormalities 
with pathological disorders. The project is financed 
by a grant from the Scottish Home and Health 
Department. 


Salary Scale £1,500 to £1,650 per ‘annum. 
F.S.S.U. : 


Applications, including curriculum vitae and 
names of two referees, should be sent to Dr. J. A. 
Beeley, Department of Dental Biochemistry, 
University of Glasgow Dental School, 378 
Sauchiehall Street, Glasgow, G2 343Z, from whom 
further information may be obtained. (2298) 


© 9 TRO 


AUSTRALIA 


DIVISION OF MINERAL PHYSICS 
NORTH RYDE, N.S.W. 


RESEARCH 
SCIENTIST 


The Commonwealth Scientific and Industrial Research Organisation has a 
broad charter for research into primary and secondary industry areas. The 
Organisation has approximately 6,500 employees—2,100 of whom are research 
and professional scientists—located in Divisions and Sections throughout 
Australia. 


== ELECTROMAGNETIC 
GEOPHYSICS 


GENERAL: The Division of Mineral Physics, a constituent Division of the 
CSIRO Minerals Research Laboratories, carries out research directed towards 
the application of the techniques of physics to mineral exploration and 
exploitation. 


The Division is establishing a rock magnetism laboratory to develop 
the application of magnetic techniques in mineral exploration and processing, 
and research into the practical applications of palaeomagnetism. The Division 
has established a low -sensitivity and high field laboratory at North Ryde, 
and plans are well advanced for the construction of a high sensitivity 
laboratory in a nearby magnetically quiet environment. 


DUTIES: Under the general direction of the leader, to extend research 
in field and laboratory projects related to: studies of the earth's past 
magnetic field, interpretation of magnetic anomalies, origin and extensions 
of ore bodies, anisotropy of remnance and susceptibility, magnetic cleaning 
techniques and structural analysis using remnance techniques. 


QUALIFICATIONS: A Ph.D. degree in Geophysics, Geology or Physics cr 
equivalent. qualifications, supported by demonstrated research ability, with 
a sound knowledge of palaeomagnetic field and laboratory techniques. A good 
grasp of geological field problems is essential. Experience in opaque 
mineralogy, or chemical teaching, or magnetic anisotropy or high magnetic 
fields would be an advantage. 


SALARY: The appointment will be made within the salary ranges of Research 
Scientist or Senior Research Scientist: $A9,380-$A14,290 p.a. 


TENURE: An indefinite or a three year fixed term appointment may be 
negotiated. An indefinite appointment carries Australian Government Super- 
annuation benefits. 


Applications stating full personal and professiona] details, the names of at 
least two professional referees, and quoting Reference Number 589/27 
should reach:— 


The Personnel Officer, 
Australian Scientific Liaison Office, 
64-78, Kingsway, 
LONDON, 
WC2B 6BD š 
by the 5th July, 1974. 


Applications in U.S.A. and Canada should be sent to:— 

The Counsellor (Scientific), * 

Embassy of Australia, 1601 Massachusetts Avenue, N.W., 

WASHINGTON, D.C. 20036, U.S.A. ( i 
2361 
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The University of Birmingham 


THE WELLCOME 
FOUNDATION LIMITED 


Wellcome 


Structure, Physiology and 
Biochemistry of 

Insect Neuromuscular 
Junctions 


Applications are invited for a CASE postgraduate studentship in the 
above field of work. 


The student will work primarily in the Department of Zoology and 
Comparative Physiology at Birmingham University with some time 

spent in the Unit of Arthropod Physiology at the Wellcome Research 
Laboratories, Berkhamsted Hill, where biochemical aspects of work in this 
field are currently in progress. 


The Studentship commences on Ist October, 1974 and is tenable for 
3 years. The current value of the Studentship is £695 per annum. 


Further details may be obtained from the Academic Supervisor: 
Dr. M. P. Osborne, - 
Dept. of Zoology & ‘Comparative Physiology, 


University. of Birmingham, 
Edgbaston, BIRMINGHAM. 





(2362) 


LISTER INSTITUTE OF PREVENTIVE MEDICINE 
Elstree, Hertfordshire 


BLOOD PRODUCTS LABORATORY 


Recent graduate in microbiology required for control testing of human 


blood products and to assist in development work. 


Please apply stating qualifications, age and experience to The Secretary, 
Lister Institute of Preventive Medicine, Elstree, Hertfordshire, from whom 


further particulars can be obtained. 
(2374) 


Graduate Required 


Physics/Chemistry Graduate required for interesting research post 
within our Central Laboratories Division. The job is concerned 
with the creepage along and wetting of metal ‘surfaces by 
liquids. The position is new and offers excellent scope for 
originality and innovation. 


Undergraduates qualifying this year will be considered. 
Research facilities and future prospects are good. 
Location: North London. 

Hours : : 9am to 5.15 pm (Mon to Fri) 364 hr. week. 


e 
Administration Manager, ° 
Ever Ready (Holdings) Limited, 
Central Laboratories, 
St. Ann’s Road, 
London, N15 3T). 





Tel. No. 01-800 1101. (2244) 





UNIVERSITY OF SOUTHAMPTON 
FACULTY OF MEDICINE—MICROBIOLOGY 


Applications are invited from suitably qualified 
science graduates for the post of LECTURER IN 
MICROBIOLOGY. The person appointed will be 
expected to undertake teaching and research duties 
in the field of microbial infections. Preference will 
be given to candidates with an interest in immuno- 
chemistry, virology or the chemistry oï microbial 
structure. 


Salary scale: £2,118 to £4,896. The initial salary 
will depend on qualifications and experience. Fur- 
ther particulars may be obtained from the Deputy 
Secretary’s section (Ext. 353), The University, 
Southampton SO9 5NH to whom applications (7 
copies from United Kingdom applicants) should 
sent not later than June 22, 1974, quoting reference 
be sent not later than June 22, 1974, quoting 
58/74/L. (224 


IMPERIAL COLLEGE OF SCIENCE 


AND TECHNOLOGY 
DEPARTMENT OF BIOCHEMISTRY 
POSTGRADUATE RESEARCH 

Research activities open to graduates wishing to 
work for the M.Phil. or Ph.D. degree include: 
Yeast viruses: host-virus relationships. 


Mycoviruses; characterisation and biochemistry 
of virus replication cycle. 


Grants will be available to suitable candidates. 
Enquiries should.be made to: 


Dr K. W. Buck, 

Department of Biochemistry, 

Imperial College, 

London SW7 2AY. (2262) 


Korg 


HEALTH DISTRICT (TEACHING) 
Lambeth, Southwark and Lewisham 
Area Health Authority (Teaching) 


Research Graduate 


Graduate .required to work on the 
Biochemistry of various hormones in 
women with benign or malignant 
tumours of the breast. 


Application forms obtainable from 
the Personnel Office, King’s College 


Hospital, Denmark Hill, London, 
S.E.5. Tel: 01-274 6222 Ext. 2726 
(Miss Millwood) should be completed 
and returned by two weeks after date 
of insertion. (2251) 





OXFORD UNIVERSITY 
DEPARTMENT OF ZOOLOGY 


Applications are invited for the post of Research 
Assistant to work under Dr Malcolm Coe on the 
reproductive biology of Giant Tortoises on Aldabra 
Island in the Indian Ocean. The appointment will 
be for a period not exceeding three years, of 
which two years will be spent carrying out field 
work on Aldabra and one year in Oxford. 


Applicants should be available to take up this 
post by the beginning of August 1974. Preference 
will be given to candidates with an interest or 
experience in the field of Herpetology. Salary will 
be by arrangement according to age, qualifications 
and experience. 

Applications with a full curriculum vitae and the 
names of two referees should be sent immediately 
to the Secretary, Animal Ecology Research Group, 
Department of Zoology, South Parks Road, Oxford 
OX1 3PS. (2 334) 


UNIVERSITY OF LEICESTER 


The Department of Botany has a vacancy for 
a Research Technician. Preference will be. given 
to candidates who have HND or HNC in 
Applied Biology and some relevant experience. 
The person appointed will be involved in various 
researches in plant physiology, particularly those 
involving the aseptic culture of tissues and celjs, 
and will be required to give general assistance 
in the Department and in the preparation of 
some laboratory classes. Salary on scale for 
Grade 3 Technicians, £1,650 to £1,920 (under 
review). Applications should be forwarded by 
July 31, 1974 to the Professor of Botany, The 
University, Leicester. (2346) 
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UNIVERSITY OF NOTTINGHAM 


School of Biological Sciences 
DEPARTMENT OF ZOOLOGY 


Applications are invited from candidates with 
good honours degrees for a RESEARCH! 
ASSISTANTSHIP, tenable for three years from 
October 1, 1974. An interest in tissue culture or 
neurobiology would be an advantage but is not 
essential. The successful candidate will be able 
to register for a higher degree of the University. 
Salary will be within the range £1,422 to £1,569. 


Further details and forms of application, re- 
turnable not later than June 30, 1974, are 
obtainable from the Staff Appointments Officer, 
University of Nottingham, University Park, 
Nottingham. Ref. No. 371. , (2345) 





RESEARCH IN CHEMISTRY 


RESEARCH GRANTS will be available from 
October 1974, for graduate courses in Chemistry, 
leading to the degree of MSc or PhD for can- 
didates with a Ist or 2nd class honours degree or 
equivalent. i 

Write for further information to the Senior 
Administrative Assistant, School of Chemical 
Sciences, University of East Anglia, University 
Plain, Norwich, NOR 88C. (2342) 


UNIVERSITY OF SURREY 
DEPARTMENT OF BIOLOGICAL SCIENCES 


ASSISTANT EXPERIMENTAL 
OFFICER 


Qualified man or woman required with know- 
ledge of computing and statistical analyses for 
biological, microbiological or medical research. 
The successful applicant will participate in pro- 
ject planning and associated experimental work 
as well as being responsible for program writing 
and organisation of data (ICL 1905F computer). 
Salary: £1,929 to £2,223. 


Further particulars can be obtained from the 
Assistant Secretary (Personnel), University of 
Surrey, Guildford, Surrey, GU2 S5XH. Tel: 
Guildford 71281, Ext. 452, to whom applications 
in the form of a curriculum vitae, including the 
names and addresses of three referees should be 
sent to by June 28. Telephone enquiries will be 
welcomed by Professor Smith, on Guildford 
71281, Ext. 687. (2340) 





UNIVERSITY OF 
NEWCASTLE UPON TYNE 
DEPARTMENT OF PLANT BIOLOGY 


Applications are invited from graduates or 
from students expecting to graduate in 1974 with 
a first or upper second class honours in Plant 
Biology or a related subject for an S.R.C., 
C.A.S.E. Studentship to work on the effects of 
carbon dioxide and oxygen concentration on the 
metabolism of germinating barley. The ‘project 
will be carried out in co-operation with Arthur 
Guinness, Son & Co. (Park Royal) Ltd., Park 
Royal Brewery, London, N.W.10. Candidates will 
be expected to register for a higher degree. 

Applications {including a curriculum vitae 
and names of two referees) should be addressed 
as soon as possible to Professor S. L. Ranson, 
Department of Plant Biology, Ridley Building, 
The University, Newcastle upon Tyne NEI TRU. 

(2339) 





UNIVERSITY OF IBADAN 
NIGERIA 


Applications are invited for (a) SENIOR 
LECTURESHIP or (b) LECTURESHIP IN 
FOREST MENSURATION, INVENTORY AND 
AERIAL SURVEY in the Department of 
FORESTRY. Applicants must possess a post- 
graduate degree and have teaching and research 
experience in this field. Appointee will be ex- 
pected to have close liaison with Federal and 
State Departments of Forestry and to advise 
governments on the inventory and management 
of High Forest and Plantations, Salary scales: 
(a) N5,030 to N5,750 p.a. (b) N2,760 to N4,830 
pa. (£1 sterling = N1.47 The British Govern- 
ment may supplement salary in range £750 to 
£1,150 p.a. {sterling} for married appointee or 
£250 to £650 p.a. (sterling) for single appointee 
(normally free of all tax) and provide children’s 
education allowances and holiday visit passages. 
These supplementation rates aré currently under 
review. F.S.S.U. Family passages; various 
allowances; regular overseas leave. Detailed 
applications (two copies), including a curriculum 
vitae and naming three referees, should be sent 
by air mail, not later fhan June 27, 1974, to 


the Registrar. University of Ibadan, Ibadan, . 


Nigeria. Applicants resident in U.K. should also 
send one copy to Inter-University Council, 90/91 
Tottenham Court Road, London WIP ODT. 
Further particulars of these appointments may 
be obtained from either address. (2355) 


CSIRO 


AUSTRALIA 
DIVISION OF 


MATHEMATICAL STATISTICS 


The Commonwealth Scientific and Industrial Research Organisation has a broad charter 
for research into primary and secondary industry areas. The Organisation has approximately 
6,500 employees — 2,100 of whom are research and professiona] scientists — located in 
Divisions and Sections throughout Australia. 


GENERAL: The Organisation’s Division of Mathematica! Statistics has approximately 100 staff, 
including 60 professional scientists, located at centres and laboratories in capita! cities 
and some major country towns. Ít is te be reconstituted as the Division of Mathematics 
and Statistics later in 1974 after the new Chief of the Division, Dr. J]. Gani, takes up 
duties in Canberra. 

CSIRO research in mathematics and statistics currently includes distribution theory, 
multivariate analysis, scientific inference and experimental design, and will be extended 
to include mathematical and stochastic modelling, geostatistics, optimisation, operations 
research and management science. Application of such research, relevant to agricul@ural, 
biological, industrial and physical investigations, currently includes design and analysis 
of experiments and models for ecological, environmental, agricultural and climatological 
systems and is being extended to include work on industrial processes and mineral surveys, 

Professional scientists of the Division act as consultants in planning research and 
in the application of mathematics and statistics to investigations and experimental results. 


RESEARCH SCIENTIST 


POSITION NUMBER 440/270 


hi “MATHEMATICAL STATISTICS 
FOR MULTIVARIATE SURVEYS 


LOCATION: Highett, Victoria. 


DUTIES: To conduct research into mathematical statistics related to the design and analysis 
of multivariate social and economic surveys, and applied research related to the mathematica} 
and statistical aspects of the organisation's building and/or engineering research in the 
Melbourne region and to pursue individua! research interests. 


QUALIFICATIONS: Applicants should have a Ph.D, degree or equivalent qualifications with 
demonstrable research ability. Experience in statistical methodology for sociological, psycho- 
logical or economic studies and in sample surveys of social attitudes would be an 
advantage, 


SALARY: The appointment will be made within the salary range of Research Scientist: 
$A9,380-$A11,827 p.a., or Senior Research Scientist $A12,298-$A14,290 p.a. Consideration 
would be given to appointment of a suitably qualified applicant at a more senior level, 


TENURE: This position is available for an indefinite period and Australian Government 
Superannuation benefits are available. 


RESEARCH SCIENTISTS 


POSITION NUMBER 440/271 


Fm: ~~ GEOSTATISTICS & OPTIMISATION 


LOCATION: Melbourne, Victoria. 


DUTIES: To conduct research into multivariate aspects of geostatistics and optimisation, and 
applied research in mathematical and statistical aspects of the organisation’s minerals and/or 
geomechanics research in the Melbourne region and to pursue individual research interests. 


POSITION NUMBER 440/272 


ee BIOMETRICS AND 
STOCHASTIC MODELLING 


LOCATION: Prospect, N.S.W. 


DUTIES: To conduct research into aspects of biometrics and stochastic modelling and applied 
research related to statistical and mathematical aspects of the organisation's animal 
physiology research in the Sydney region and to pursue individual research interests. 


QUALIFICATIONS: A Ph.D. degree, or equivalent qualifications, with demonstrable re- 
search ability and experience in relevant fields of applied research. 


SALARY AND TENURE: Appointments will be made within the salary ranges of Research 
Scientist: $A9,380-$A11,827 p.a. or Senior Research Scientist: $A}2,298-$A14,290 p.a. 


‘Either an indefinite or a three year fixed term appointment may be negotiated. An 
indefinite appointment carries Australian Government Superannuation benefits. 


Applications quoting the appropriate Position Number and stating full personal and pro- 
fessional details, and the names of at least two professionaJ referees should reach:— 
The Personnel Officer, 

Australjan Scientific Liaison Office, 
64-78, Kingsway, m 
LONDON, e 

WC2B 6B a 


Applications in U.S.A. and Canada should be sent to:— 

The Counsellor (Scientific), ‘ 

Embassy of Australia, 1601 Massachusetts Avenue, N.W., 

WASHINGTON, D.C. 20036, U.S.A. (2383) 


by the 12th July, 1974. 
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Principal 
Biochemist 
(Pharmacolosist} 


Two Positions 

National Biological | 
Standards Laboratory 
Canberra 


Duties: Evaluate the pharmacological and toxicological aspects of new drugs from data 
submitted by drug companies, Report on animal studies carried out to support the 
proposed uses of drugs and make recommendations on their suitability and adequacy. 
Provide advice as required on problems concerning the pharmacology and toxicology of 
substances and the interpretation of experimental data. Carry out and direct research 
into the actions of drugs with particular reference to methods of drug evaluation and 
mechanisms of drug toxicity. 








Qualifications: An appropriate degree in Science, Applied Science, or Medical Laboratory 
Technology; or equivalent qualification. Post graduate qualifications and broad experience 
in drug related fields are desirable. 


Salary: $A12.,911 to $A13,796 per annum. NB. exchange rate: £1=$A1.60 approx. 








Conditions: First class passage by air for the successful applicant and his dependants 
together with generous baggage allowances. Salary will be paid from date of embarkation, 
Four weeks annual leave, accumulative sick leave provisions and a comprehensive super- 
annuation scheme are available. 









Please write giving full details of qualifications and experience 
together with date and place of birth to: 


The Recruitment Officer 
Public Service Board 
Canberra House 

10/16 Maltravers St 
London WC2R 3EH 


"By July 5, 1974 (2358) 











THE OPEN UNIVERSITY 
BIOLOGY TECHNICIAN (2B) 


READVERTISEMENT 


A vacancy.exists for a BIOLOGY TECHNICIAN (GRADE 2B) in the 
Faculty of Science commencing as soon as possible. Main duties will include: 
assistance with course experimental work; the construction and servicing 
of biology summer school and day school equipment; general maintenance 
of services and equipment in the biology laboratories. 

Applicants should possess O.N.C. or equivalent qualifications. Some work- 
shop experience would be required and in addition, general biological 
laboratory experience would be useful. , 

Salary, based on qualifications and experience will be within the Grade 
2B scale: £1,524 to £1,794 per annum. 

Further details and ‘application forms are available from the Persdnnel 
Manager (TS5), The Open University, P.O. Box 75, Walton Hall, Miton 
Keynes MK7 6AL., (Tel: Milton Keynes 74066, extn. 3068). Closing date 
for applications: Monday, June 24, 1974. (2416) 





UNIVERSITY OF DURHAM 


DEPARTMENT OF APPLIED PHYSICS 
AND ELECTRONICS 


SENIOR DEMONSTRATOR 


Applications are invited from graduates in 
electronic engineering or solid state physics for 
one or more posts of Senior Demonstrator. The 
duties will include some teaching and the super- 
vision of either a first year Electronics Labora- 
tory or a Physics of Materials Laboratory. 
Participation in research will be encouraged in 
either digital electronics or electronic materials 
science. 

The post is tenable from October I, 1974 for 
two years in the first instance renewable for a 
third and final year. 

Salary on the scale £1,719 to £2,613 (under 
review) plus F.S.S.U. benefits. 

Applications (three copies) naming three 
referees should be sent by June 21 to the Regis- 
trar and Secretary, Science Laboratories, South 
Road, Durham DH! 3LE, from whom further 
particulars may be obtained. (2338) 





UNIVERSITY OF DURHAM 
DEPARTMENT OF PHYSICS 
POSTDOCTORAL RESEARCH 
ASSISTANT 


Applications are invited for the post of Post- 
doctoral Research Assistant from August 1, 1974 
{for as soon as possible thereafter) to pursue 
research in Cosmic Ray Physics (Extensive Air 
Showers) involving measurements of the night 
sky Cerenkov radiation at the Haverah Park 
Air Shower experiment, Short periods of work 
in the United States may also be involved’ 

The appointment, which is funded by the 
Science Research Council, will be for a period 
of two years in the first instance, renewable for 
a third and final year. 

Salary on the scale £1,866 to £2,586 (under 
review) with F.S.S.U, benefits. 

Applications (three copies) naming three 
referees should be sent by June 24, 1974 to the 
Registrar and Secretary, Science Laboratories, 
South Road, Durham DH! 3LE from whom 
further particulars may be obtained. (2337) 





THE UNIVERSITY OF MANCHESTER 
LIBRARIAN /CURATOR 


Applications are invited for the post of 
Librarian/Curator in the Department of Geology. 
The person appointed will look after maps and 
books in the departmental library, and will also 
be responsible for the care of the Department’s 
teaching and research collection of rocks, 
minerals and fossils. Candidates should have, or, 
expect to have shortly, a degree in geology, or a 
combined degree including geology. Initial 
appointment within the Graduate Assistant salary 
range p.a. £1,569 to £1,791 (under review). 
F.S.S.U. Further particulars and application 
form (returnable by June 28) from the Registrar, 
The University, Manchester M13 9PL. Quote ref: 
116/74/N. (2351) 





UNIVERSITY OF EXETER 
DEPARTMENT OF PHYSICS 


Applications are invited for a Postdoctoral 
Research Assistantship, supported by the Science 
Research Council, for theoretical work on fuid 
flow through distensible tubes, with a view to 
physiological applications in the fields of uro- 
dynamics and venous haemodynamics. Experience 
in theoretical elasticity, hydrodynamics or com- 
puting would be an advantage. 

The appointment is for one year in the first 
instance, from October 1, 1974, and is renewable 
for a second year. Starting salary £1,929 (under 
review) plus F.S.S.U. Applications with the 
names of two referees, should be sent by July 
12, 1974, to Dr. D. J. Griffiths, Department of 
Physics, University of Exeter, Exeter EX4 4QL 
(Telephone Exeter 77911, ext. 625), from whom 
further information may be obtained. Please 
quote 1/12/7072 in all correspondence. (2350) 





UNIVERSITY OF NOTTINGHAM 


CANCER RESEARCH CAMPAIGN 
LABORATORIES 


IMMUNOLOGY OF CANCER 


Applications are invited for ‘postgraduate and 
postdoctorate posts to participate in research on 
immunological aspects of cancer under the 
direction of Professor R. W. Baldwin. Applicants 
for the postgraduate posts should have a good 
honours degree and there will be the opportunity 
to read for a higher degree. The postdoctorate 
appointment will be on the scale commencing at 
£2,118 per annum, and the postgraduate appoint- 
ment will be on a scale £1,422 to £1,569. 

Further details and application forms from the 
Staff Appointments Officer, University of Not- 


tingham, University Park, Nottingham. Closing . 


date, June 30. Ref. No. 372. (2347) 
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THAMES POLYTECHNIC 


SCHOOL OF ARCHITECTURE 


LECTURER II IN BUILDING 
ACOUSTICS AND. 
ENVIRONMENTAL SCIENCE 


The School of Architecture invites applica- 
tions from suitably qualified graduates to 
teach building acoustics and the application 
of environmental science to building. Applica- 
tions from recently qualified graduates who 
have an interest in these ficlds will be 
welcomed. 


The successful candidate will be a member 
of the teaching Division of Construction 
Technology, which is part of the Faculty of 
Architecture and Surveying, located at Ham- 
mersmith, London, W.6 and will also be 
associated with teachers of Physics and 
Materials Science at the Woolwich site of the 
Polytechnic. Personal interests and research 
will be encouraged. Duties will include teach- 
ing students on full-time diploma courses in 
Architecture (including acoustics to the final 
year) and ,N.A.A. degree courses in 
Surveying. 


Salary scale: £2,700 to £3,474 plus £118 
London aHowance. 


Further particulars and form of application 
may be obtained from the Secretary, Thames 
Polytechnic, Wellington Street, London SEI8 
6PF to whom completed applications should 
be returned by June 25, 1974. (23633 


INSTITUTE OF CANCER RESEARCH 
ROYAL MARSDEN HOSPITAL, S.W.3 


TECHNICIAN IN CYTOGENETICS 


Required to work in a group studying chromo- 
somes in malignant diseases of man, Previous 
experience in this or related field desirable. 
Qualifications required: University Degree in 
relevant subject, H.N.C., or AIMLT. Salary 
scale £1,440 to £2,292 plus London Weighting. 
Apply in duplicate to the Secretary, 34 Sumner 
Place, SW7 3NU, with names of two referees 
and quoting ref. 301/B/522. (2349) 





BIOCHEMIST 


A position at the rank of Assistant Professor 
is available in the Department of Biochemistry, 
College of Medicine, University of Saskatchewan. 
Applicants must have a Ph.D. and/or M.D. 
degree and have training and interests in the 
area of nutritional biochemistry. Duties will in- 
clude research and teaching of biochemistry and 
nutrition to undergraduate and graduate stu- 
dents, Effective date of appointment is nego- 
tiable. Salary will be commensurate’ with 
experience and training. Send curriculum vitue 
and names of three referees to Dr. J. D. Wood, 
Chairman, Department of Biochemistry, Univer- 
sity of Saskatchewan, Saskatoon, Saskatchewan, 
Canada S7N OWO. (2365) 





THE UNIVERSITY OF LEEDS 


DEPARTMENT OF 
EARTH SCIENCES 
CHAIR OF GEOPHYSICS 


Applications are invited for a Chair of 
Geophysics to fill the vacancy which will 
arise on the retirement of Professor R. M. 
Shackleton from the Chair of Geology on 
September 30, 1975. 

The salary will be not less than £5,973 a 
year, The University reserves the right to 
consider for appointment persons other than 
those who submit formal applications. 

Applications (two copies) stating aye, quali- 
fications and experience and naming three 
referees should reach the Registrar, The 
University, Leeds LS2 9JT , from whom 
further particulars may be obtained (quot- 
ing reference 29/32) not later than August 
31, 1974, Applicants from overseas may 
apply in the first instance by cable naming 
three referees who should preferably be in 
the United Kingdom. (2357) 





CSIRO 
AUSTRALIA 


DIVISION OF ANIMAL 
PHYSIOLOGY, PROSPECT, N.S.W. 


CHIEF OF DIVISION 


The Commonwealth Scientific and Industrial Research Organisation has a broad charter 
for research into primary and secondary industry areas. The Organisation has approximately 
6,500 employees--2,100 of whom are research and professional scientists—-located in 
Divisions and Sections throughout Australia. 


GENERAL: Applications are invited from scientists who have an established record of 
personal research achievement and leadership for the position of Chief, Division of 
Animal Physiology. The vacancy will arise following the retirement of Dr L W. McDonald 
later this year. The division has its headquarters at Prospect, approximately 20 miles from 
the city of Sydney. The Pastoral Research Laboratory at Armidale, N.S.W., the Beef 
Cattle Research Unit, at Townsville, Qtd., and the Bloat Research Unit at Melbourne are 
regional units of the Division. The total divisional staff is approximately 150, including 55 
professional staff, 


The work of the Division currently includes research on ruminant nutrition, endocrinology, 
woo! growth, climate physiology, energy metabolism, reproduction, and the pasture 
ecosystem. The primary objective of the Division is to provide knowledge that will improve 
productivity and efficiency of Australia’s animal industries. 


DUTIES: The Chief is responsible to the Executive for the conduct and direction of the 
research activities of the Division, for ics general administration and for the contro] of 
funds available to it. The Chief is expected to formulate proposals for new research pro- 
grammes in association with other scientists in Universities and State Departments and ruraj 
industry leaders. 


The Chief of the Division of Animal Physiology is also a member of the Animal Research 
Laboratories Committee, of which Dr K. A. Ferguson is Chairman, The Committee 
has overall responsibility for the co-ordination of the research effort of the CSIRO Animal 
Research Laboratories, comprising the Divisions of Animal Health, Animal Physiology, 
Animal Genetics and Nutritional Biochemistry. 


SALARY: Salary for the appointment will be the subject of negotiation but will be not less 
than $A22,875 p.a. 


TENURE: Appointment to the Organisation will be for an indefinite period, and Australian 
Government Superannuation benefits are available. The tenure of Appointment as Chief could 
be subject to negotiation, but a fixed-term (of the order of 7 years) would be envisaged 
initially. Such an agreement could be renegotiated for a further period, or arrangements 
made for a transfer to a senior research position in the Organisation. 


FURTHER INFORMATION: Dr A. E. Pierce, a Member of the CSIRO Executive, will be 
Visiting Washington, U.S.A.. from August 5 to 9%, 1974 and London, England, from 
August 12 to 16, 1974, and will be available for discussions concerning the appointment 
with applicants and those interested in hearing more about the position, Those wishing to 
discuss the appointment should contact either the Chief Scientific Liaison Officer, Australian 
Scientific Liaison Office, 64 Kingsway, London, WC2B 6BD, England or the Counsellor 
(Scientific), Embassy of Australia, 1601 Massachusetts Avenue, N.W., Washington, D.C. 
20036, U.S.A. Scientists interested in discussing the appointment should ensure that the 
appropriate oversea office is contacted in ample time to enable suitable arrangements to be 
made and supply a brief curriculum vitae. 


Further information on the Division’s activities canbe obtained by writing to the 
Secretary (Administration), CSIRO, P.O, Box 225, Dickseft, A.C.T. 2602, Australia. 


> ~ 


APPLICATIONS: Applications stating full * personal and professional details, the names 
of at least two professional referees, and qupting Reference Number 245/599 should reach:— 


The Secretary (Administration), m 
Head Office, CSIRO, Í 
P.O. Box 225, 

DICKSON, A.C.T. 2602 

AUSTRALIA. 


by the 6th September, 1974 
(2395) 


Wellcome 


Graduate 





Scientists 


- A chance to change course 


The Wellcome Foundation is a rapidly growing British 
owned international pharmaceutical organisation, 


A vital link between our R & D activities and the world-wide 
distribution of the companies of the Wellcome group is 

the product registration department based at its London 
headquarters. Most countries of the world require new 
medical products to be registered for sale before marketing 
starts and this work is the responsibility of this department. 
It involves intelligent use of R & D reports and commercial 
and other information to meet the varied requirements 


of registration. 


We are looking for a graduate chemist, pharmacist or 
biological scientist, probably Jess than 30, to join the department. 
This is a chance to move away from pure technical work 

and gain experience in an interesting and important sphere 

of this group’s international activities. 


In addition to an attractive salary the group offer 
excellent conditions of employment including assistance with 
relocation expenses where appropriate. 


Please write giving brief career details and 
quoting reference U.127, to the Personnel 
Officer, Group Personnel Division, 


The Wellcome Foundation Ltd., 


183, Euston Road, London NW] 2BP. 


THE UNIVERSITY OF SHEFFIELD 
DEPARTMENT OF BOTANY 


Applications are invited for a post of JUNIOR 
RESEARCH FELLOW in BOTANY, tenable 
from October 1, 1974, for one year in the first 
instance renewable for two further years. Salary 
£1,473 a year. Further particulars from the 
Registrar and Secretary, The University, Sheffield 


S10 2TN to whom applications (three copies) 
should be sent by July 5, 1974. Quote Ref. 
R.90/G. (2364) 


BANTING AND BEST DEPARTMENT 
OF MEDICAL RESEARCH 


UNIVERSITY OF TORONTO 


Applications and nominations are invited for a 
faculty position at the rank of Associate or Full 
Professor to start on or prior to July 1, 1975. The 
applicant’s area of research should be rekated to 
the molecular aspects of animal cell differentia- 
tion, Exceptional junior candidates may also be 
considered. Salary negotiable and commensurate 
with rank. Send curriculum vitae to: 


Dr Alan G. Goodridge, 
Search Committee Chairman, 


Banting and Best Department of Medical 
Research, 

University of Toronto, 

112 College Street, 

Toronto, Ontario M5G IL6, 

Canada. (2360) 





IMMUNOLOGICAL TECHNIGIAN 


Required to work on various aspects of cell 
mediated immunity. Salary on Whitley Council 
Scale for Medical Laboratory Technicians, i.e. 
£1,440 to £2,292 p.a. plus £126 L.W. Applications 
and enquiries to Dr H. E, Amos, Department 
of Immunology, Institute of Dermatology, St. 
John’s Hospital for Diseases of the Skin, Homer- 
ton Grove, London E9 6BX. Telephone: 01-985 
7061. : (2353) 





(2384) 


UNIVERSITY OF 
NEW SOUTH WALES 


PROFESSOR OF PASTORAL 
SCIENCES 


Applications are invited for appointment to 
the above-mentioned chair in the School of Woo! 
and Pastoral Sciences. The present head of 
Schoo! is Professor P. R, McMahon, Applicants 
should have experience in the scientific develop- 
ment and technology of the pastoral industry 
and its products and be capable of providing 
leadership in their particular fields of interest. 
Professional qualifications and/or research ex- 
perience in areas such as animal production, 
range management, agricultural economics and 
pastoral agronomy are desirable. The professor 
will supervise and participate in teaching and 
examining undergraduate and postgraduate stu- 
dents in the School and engage in and promote 
PECAN and advanced study in the field of his 
chair, 

Salary $A19,614 per annum. Subject’ to the 
consent of the University Council, professors 
may undertake a limited amount of higher con- 
sultative work. The University reserves the right 
to fill any chair by invitation. 

Details of appointment, including superannua- 
tion, study leave and housing scheme, may be 
obtained from the Secretary-General, Associa- 
tion of Commonwealth Universities (Appts), 36 
Gordon Square, London WC1H OPF. 

Applications close in Australia and London on 
October 18, 1974. (2356) 





BASIC GRADE PHYSICIST 


Re§uired in the Radiation Physics Department 
of . Bartholomew's Hospital. Duties include 
radiotherapy treatment planning, radiation dosi- 
metry and computer programming? The success- 
ful candidate will be expected to undertake 
research and development work. Safary (depend- 
ing on qualifications and experience) £1,497 to 
£2,259 plus London Weighting. Applications to 
Personnel Departryent quoting reference 
PTA/4544/N. (2397) 
® 
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university of wales 


university 
COLLEGE OF 
swansea 


READER IN BIOCHEMICAL 


ENGINEERING 


Applications are invited for the above post 
tenable in the Department of Chemical 
Engineering. 


The salary will be on the scale £4,368 to 
£5,406 per annum, together with F.S.S.U. 
benefits, increasing to £4,707 to £5,844 per 
annum, on October 1, 1974. 


Further particulars may be obtained from 
the Repistrar/Secretary, University College of 
Swansea, Singleton Park, Swansea SA2 8PP, 
to whom applications G0 copies) should be 
returned by Monday, July 22, 1974. 


(2344) 


HAILE SELASSIE I UNIVERSITY 
ETHIOPIA 


Applications are invited for two posts of 
ASSOCIATE PROFESSOR/ASSISTANT PRO- 
FESSOR IN GEOGRAPHY. The first post is in 
Human Geography with reference to political 
and economic geography as well as rural deve- 
lopment, The second post is in Physical Geo- 
graphy. The appointments are for two years from 
September 1974. Appointee to the first post will 
teach junior classes (40 - 50 students) in Location 
and Interaction Systems and senior classes (30 - 
40 students) in Political Geography and Regional 
Planning for about nine contact hours a week. 
Appointee to the second post will teach second 
year classes (40 students) in Physical Geography, 
third year classes (40 students) in Techniques of 
Map Making and third year classes (30 students) 
in Soils and Biogeography for about eight contact 
hours a week. Salary scales: Associate Professor 
Eth.$13,200—Eth.$18,000 p.a. Assistant Professor 
Eth.$9,600—Eth.$14,400 p.a. (normally free of 
Ethiopian tax). (£1 sterling = Eth. $5.04). There 
may be supplementation of salary in range 
£1,100 to £1,275 p.a. (sterling) (normally free of 
all tax) and provision of children’s education 
allowances and holiday visit passages. This sup- 
plementation rate is currently under review. 
Housing allowance; dependants allowance; family 
passages; baggage allowance. 


Detailed applications (two copies), including a 
curriculum vitae and naming three referees, 
should be sent by airmail, not later than June 
27, 1974 to the Dean, Faculty of Arts, Haile 
Selassie I University, PO Box 1176, Addis Ababa, 
send one copy to: Inter-University Council, 90/91 
Tottenham Court Road, London, WIP ODT. 
Ethiopia. Applicants resident in U.K. should also 
Further particulars may be obtained from either 
address, (2369) 


apy) UNIVERSITY OF SURREY 








DEPARTMENT OF CHEMICAL PHYSICS 


NEW M.Sc. PROGRAMMES IN 
CHEMICAL PHYSICS 


The Department of Chemical Physics invites 
applications for enrolment. in October 1974, 
into programmes in branches of Chemical 
Physics, leading to the degree of M.Sc. by 
examination and project. 

Four programmes, Applied Crystallography, 
Crystal and Molecular Structure Determina- 
tion, Crystallography and Spectroscopy, are 
offered, both full-time and by a day-release 
scheme. Applicants need not decide upon 
their choice of programme before the end 
of Term H, as this term is common to all 
four programmes. 

Entrance qualifications include a first 
degree in one of the physical sciences, or an 
equivalent qualification, such as Grad.R.I.C., 
or Grad Inst.P. 


Further details and application forms may 
be obtained from Dr G. A. Webb, Depart- 
ment of Chemical Physics. University of 
Surrey, Guildford, Surrey GU2 5XH. 


(2341) 
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UNIVERSITY OF SOUTHAMPTON 
DEPARTMENT OF BIOLOGY 


Applications are invited for the post of 
lecturer in the Department of Biology, Can- 
didates should have an appropriate Honours 
Degree and a research interest preferably in 
cytogenetics or cell culture. Opportunities exist 
for collaboration with the work of the Clinical 
Geneticist in the Faculty of Medicine. The 
lecturer will be expected to play a major part 
in teaching genetics to undergraduates in the 
Department of Biology and the Faculty of 
Medicine. Salary scale: £2,118 to £4,896. 
F.S.S.U. Initial salary will depend on qualifica- 
tions and experience. Further particulars may 
be obtained from. the Deputy Secretary’s Section 
(Ext. 2400), The University, Southampton SO9 
5NH to whom applications (seven copies from 
United Kingdom applicants) should be sent not 
later than July 12, 1974. Please quote reference 
number Na236/A. (2378) 








THE HANNAH RESEARCH 
INSTITUTE 
BIOCHEMISTRY DEPARTMENT 


Scientific Officer required to assist with work 
on the metabolism of aromatic compounds by 
ruminant animals which will include the deve- 
lopment of techniques for the quantitative assay 
ef phenolic compounds in forage plants. Can- 
didates should have a degree or HNC in 
chemistry or biochemistry. The appointment will 
have a starting salary within the range £1,435 to 
£2,329. Superannuation with a non-pensionable 
allowance of 54% to offset contributions. 

Applications giving age, curriculum vitae, and 
the names of three referees should ‘be forwarded 
to the Secretary, The Hannah Research Institute, 
AYR KA6 SHL by June 28, 1974. (2373) 


NATIONAL VEGETABLE 
RESEARCH STATION 


PLANT PHYSIOLOGIST 


There is a vacancy for a Plant Physiologist 
in the grade of Scientific Officer to join a team 
concerned with development of new and im- 
proved systems of vegetable crop production. 
Degree in agricultural science, horticulture of 
agriculture, will normaly be required: excention- 
ally a candidate with other equivalent qualifica- 
tions will be considered. Experience in research 
work or commercial arable crop production is 
essential. Appointment in grade of Scientific 
Officer (£1,435 to £2,329 — under review) accord- 
ing to qualifications and experience. Superannua- 
tion. Full particulars and application form (to 
be returned by July 4, 1974) from the Secretary, 
NVRS, Wellesbourne, Warwick CV35 9EF, 

(2371) 








UNIVERSITY OF THE 
WEST INDIES 
TRINIDAD 


_ Applications are invited for the following posts 
in the Faculty of Agriculture:— 


I SENIOR LECTURER/LECTURER or 
LECTURER/ASSISTANT LECTURER IN 
THE DEPARTMENT OF LIVESTOCK 
SCIENCE. Applicants should be graduates 
in Animal Science or Agricultural Science 
(with a major in Animal Science) with post- 
graduate qualifications in ruminant nutrition 
and physiology. Interest in animal production 
would be an advantage. 


2 RESEARCH FELLOW/JUNIOR_ RE- 
SEARCH FELLOW IN THE DEP- 
ARTMENT OF AGRICULTURAL 
EXTENSION. Applicants should hold a 
postgraduate degree in extension education, 
sociology of rural sociology and should have 
training and experience in rural} social 
research, 


Salary scales: Senior Lecturer TT$17,304 —- 
TTS25,824 p.a. lLecturer/Research Fellow 
TT$12,612—-TT$20,316 p.a. Assistant Lecturer/ 
Junior Research Fellow TT$10,200—TTS$11,232 
p.a, (£1 sterling = TT$4.8), F.S.S.U. Unfurnished 
accommodation for maximum of three years at 
10% of salary, thereafter 20% of salary paid in 
lien of housing. Family passages. Detailed appli- 
cations (six copies), including a curriculum vitae 
and naming three referees should be sent by air- 
mail, as soon as possible to the Secretary, 
University of the West Indies, St. Augustine, 
Trinidad. Further particulars will be sent to all 
applicants. (2370) 


BIOCHEMIST ' 


_Preferably with experience of cell culture tech- 

niques, to join a research team investigating the 
enzymology of inherited metabolic disorders. 
Starting salary up to £1,581 plus £126 London 
Weighting p.a. Apply, enclosing curriculum 
vitae and two referees to Dr. A. D. Patrick, 
Reader in Chemical Pathology, Institute of Child 
Health, 30 Guildford Street, London WCIN 
IEH, (2398) 











CSERO 
AUSTRALIA 


ANIMAL HEALTH 
LABORATORY, GEELONG 


OFFICER-IN-CHARGE 


The Commonwealth Scientific and Industrial Research Organisation has a broad charter for 
res¢arch into primary and secondary industry areas, The Organisation has approximately 
6,500 employees—2.100 of whom are research and professional scientists—located ® in 
Divisions and Sections throughout Australla. 


LOCATION: The appointee will be located initially at Melbourne and subsequently at 
Geelong, Victoria. 


GENERAL: Applications are invited from scientists who have an established record of 
personal research achievement and leadership, interested in the position of Officer-in-Charge, 
Animal Health Laboratory, Geelong. Experience in the specific field of veterinary virology is 
essential, Some knowledge of the major diseases exotic to Australian livestock and the 
management and direction of studies on these diseases, under conditions of maximum 
microbiological security, would be highly desirable. 


The decision to establish the laboratory complex which will constitute the Animal 
Health Laboratory at Geelong was announced recently. The current estimated capita! cost 


of the complex is expected to be $A56 million and spending, to begin in 1976/77, will 
be spread over five years. At full operation the Animal Health Laboratory, Geelong, will 


employ a staff of 170 including 25 scientists. Its initia! annual operating costs would be 
approximately $A3 million. 


The Laboratory will have a vital role in minimising the impact of the Australian live- 
stock industry of an outbreak of an exotic disease, such as Foot and Mouth Disease, and 
will provide a facility for the diagnosis of exotic animal diseases. It will carry out special tests 
on biological material from livestock held in quarantine before entry into Australia. It 
will also carry out research on those virus diseases endemic in Australian livestock, The 
Laboratory will provide facilities for testing the safety and potency of vaccines that may 
be required for the control of exotic diseases and, should the necessity ever arise, for the 
production of Foot and Mouth vaccine. 


The Animal Health Laboratory, Geelong will be administered and operated by CSIRO on 
behalf of the Australian Government. Following the establishment of the laboratory, a 
consultative committee will assist in the determination of priorities and will ensure effective 
liaison on policy matters. This committee will provide an essential link with the Animal 
Quarantine Branch of the Department of Health for the testing of livestock in the 
proposed off-shore High Security Animal Quarantine Station. The committee will afso 
provide a liaison channel with the State Departments of Agriculture and for special research, 
training, diagnosis and epidemiology with the proposed Bureau of Animal Health in the 
Department of Primary Industry. 


DUTIES: The Officer-in-Charge will be responsible ta the Chief, CSIRO Division of Animal 
Health for the direction of the Animal Health Laboratory, Geelong. Initially, he will play 
a major role in the planning and construction of the complex and will make recommendations, 
through the Chief of the Division, to the CSIRO Executive concerning its future operation. 
Subsequently, he will be responsible for the conduct and direction of the work of the 
Laboratory. He will also be required to play a major role in developing close relationships 
with Commonwealth and State groups possessing common jnterests, 


SALARY: Appointment will be made within the salary ranges of Senior Principa] Research 
Scientist or Chief Research Scientist, Grade 1. $A18,077~~$A20,750 pa. 


TENURE: It is envisaged that an appointment would be made for an indefinite period with 
Australian Government Superannuation benefits available, but consideration could be given 
to a fixed-term appointment. ` 


FURTHER INFORMATION: Dr. A. E. Pierce, a Member of the CSIRO Executive, will be 
visiting Washington, U.S.A. from 5th to 9th August 1974, and London, England, from 12th 
to 16th August, 1974, and will be available for discussions concerning the appointment with 
applicants and those interested in hearing more about the position. Those wishing to discuss 
the appointment should contact either the Chief Scientific Liaison Officer, Australian 
Scientific Liaison Office, 64 Kingsway, London, WC2B 6BD, England or the Counsellor 
(Scientific), Embassy of Australia, 1601 Massachusetts Avenue, N.W., Washington, D.C. 
20036, U.S.A. Scientists interested in discussing the appointment should ensure that the 
appropriate oversea office is contacted in ample time to enable suitable arrangements to be 
made and a brief curriculum vitae should be supplied, 


Further information on the Division's activities can be obtained by writing to the 
Secretary (Administration), CSIRO, P.O. Box 225, Dickson, A.C.T. 2602, Australia, 


: d 
APPLICATIONS: Applications stating full personal and professiona] details, the names of 
at least two professional referees, and quoting Reference Number 201/449 should reach:— 


The Secretary (Administration), CSIRO, 
P.O. Bok 225, 

Dickson, A.C.T. 2602, 

AUSTRALIA, by the 6th September, 1974. 


(2396) 





XX 




















experience on the following scales: 









UNIVERSITY OF THE 
WEST INDIES 
JAMAICA 


Applications are invited for LECTURESHIP IN 
THE DEPARTMENT OF BIOCHEMISTRY. 
Duties of appointee will include lecturing and 
demonstrating to classes of undergraduates in both 
the Medical and Science Faculties. Salary scale: 
J$6,168 to J$9,768 p.a. (£1 © sterling =J$2.20). 
F.S.S.U. Unfurnished accommodation at rent of 
10% of salary, for maximum of three years, there- 
after 20% of salary paid in lieu of housing. Family 
passages; triennial study leave. Detailed applications 
(6 copies), including a curriculum vitae and naming 
3 referees, should be sent by airmail, as soon as 
possible to the Registrar, University of the West 
Indies, Mona, Kingston 7, Jamaica, Further par- 
ticulars are available and should be obtained from 


the same source before an application is made. 
(2409) 





MEDICAL RESEARCH COUNCIL 


TOXICOLOGY 
UNIT 


Technical staff required for (a) histology 
laboratory and (b) biochemical laboratories. 


Candidates should possess A.I.M.L.T. or 
H.N.C. Med. Lab. Sciences for post (a) or 


H.N.C. Appl. Biol. for posts in (b). All posts 
within the categories of Technician or Junior 
Technical Officer. Salaries according®to age 
Apply 

Research Council, 


and experience. 
Medical Toxi- 
cology Unit, Woodmansterne Road, Carshal- 
(2381) 


in writing to the 
Director, 


ton, Surrey. 


Department of Agriculture 


Applications are invited for a permanent and pensionable post in the Crop 
and Animal Husbandry Division, Northern Ireland. 


The successful applicant will undertake work on pig production with 
special reference to increased efficiency, and will be required to undertake 
teaching duties in the Faculty of AgricuJture, Queen’s University, Belfast. 


Appointments to the post may be at Senior Scientific Officer, Higher 
Scientific Officer or Scientific Officer level, the qualifications for which are: 


SSO Over 25 and under 32 years of age with a Ist or 2nd Class Honours 
Degree in Agriculture and at least 4 years post-graduate experience, 
preferably in relation to pig production. 


HSO Under 30 years of age with an Honours Degree as above and at 
least 2 years relevant post-graduate experience. 


© 
SO Under 27 years of age with an Honours Degree as above. 


Grading and commencing salary will be related to qualifications and 


SSO £2,798 to £3,895 

HSO £2,221] to £2,834 

SO £1,435 to £2,329 
Please write or telephone for an application form and further information, 
quoting Ref. SB 135/74/N to the Civil Service Commission, Clarendon 


House, Adelaide Street, Belfast BT2 8ND (tetephone 0232 44300, ext. 26). 
Completed forms must be returned to arrive not later than June 24, 1974, 


: NORTHERN IRELAND 
CIVIL SERVICE 


(2419) 


THE UNIVERSITY OF LEEDS 


DEPARTMENT OF 
EARTH SCIENCES 


Applications are invited for a post as 
RESEARCH ASSISTANT to work on the 
N.E.R.C. supported project ‘*Palueomagnetic 
Study of the African Crust’ under the 
supervision of Dr J. Briden. 


The main aims of this project are to extend 
the palaeomagnetic record back to 3300 m.y., 
und to test whether relative movements 
between adjacent cratons can be detected. 


The appointee will be expected to register 
for a higher degree and submit a thesis on 
his contribution to the project. The appoint- 
ment is for three years commencing as soon 
as possible and the salary will be equivalent 
to that of an N.E.R.C. Research Studentship. 


Applications should be made to Professor 
J. G. Ramsay, Department of Earth Sciences, 
The University, Leeds LS2 9JT, naming two 
referees, (2386) 





GREENWICH & BEXLEY AREA HEALTH 


AUTHORITY 


BROOK GENERAL HOSPITAL 
SENIOR TECHNICIAN— 


NEUROPATHOLOGY 


A vacancy exists in a new department which 
will deal with routine material from Neuro- 
surgical and Neurological Units and research 
Projects. The person appointed will be jointly 
responsible for implementing the services of the 
d@partment, 


Aplications to :— 


Senior Chief Technician, ° 

giving age, experience and, two referees 
Brook General Hospital, 

Shooters Hill Road, 

Woolwich, 


London, SEI8 4LW. (2401) 
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SUNDERLAND POLYTECHNIC 


SCHOOL OF PHARMACY AND BIOLOGY 


RESEARCH 
ASSISTANTS 


invited for Research 
following areas of 


Applications are 
Assistant posts in the 
study: 


Biology: Ultrastructural studies of blue- 
green algae (Rivulariaceae). 

Pharmaceutics: (a) Physical Pharmacy— 
adsorption, solubilisation and monolayer 
studies; tabletting and drug release. 


(b) Microbiology—mode of action of 
antimicrobial agents; biodeterioration of 
pharmaceuticals. 


Pharmacognosy: Chemotaxonomic and ana- 
tomical studies on medicinal plants; 


Pharmacology: Allergy; gastric blood flow. 


Successful applicants must have, or be 
about to obtain, a good honours degree (or 
the equivalent) and will be registered for 
M.Phil. and/or Ph.D. degrees of C.N.A.A. 


Salary £1,500 by £81 (2) to £1,662 per 
annum (to be confirmed). 


Further details and application forms may 
be obtained from the Personnel Officer, 
Sunderland Polytechnic, Chester Road, Sun- 
derland SR1 3SD. (2393) 





STANDARDS LABORATORY FOR 
SEROLOGICAL REAGENTS 


Technician AIMLT (Bacteriology or Virology) 
or HNC in Medical Laboratory Sciences (Micro- 
biology) required to work with Australia Anti- 
gen. Graduates may apply for this position. 

Written applications with full details of age, 
experience and qualifications to the Personne] 
Officer, Central Public Health Laboratory, 
Colindale Avenue, London NW9 5HT. (2392) 





BIRKBECK COLLEGE 
(UNIVERSITY OF LONDON) 
Applications are invited for the post of 

LECTURER IN ZOOLOGY with teaching res- 
ponsibilities at both undergraduate and M.Sc. 
levels. Salary scale incremental from £2,118 to 
£4,986 p.a. plus London allowance of £162 p.a. 
Initial salary on scale will not exceed £2,580 
p.a. Further details and forms of application 
should be obtained from the Secretary, 
Birkbeck College. Malet Street, London, WCIE 
7HX. Closing date: July 1. (2390) 


CONSULTOX LABORATORIES 
LTD. 


188 Brent Crescent 
London, N.W.10 


VACANCY FOR CHIEF TECHNICIAN IN 
CLINICAL BIOCHEMISTRY / 
HAEMATOLOGY DEPT. 


in both of the above fields 
essential, preferably in the field of animal 
toxicology. Experience in bacteriology also 
preferred, qualified up to H.N.C./B.Sc. with 
at least 5 years post-degree experience. 
Altractive hours, salary negotiable. 


Apply to Dr B. P. Block, Director, Con- 
sultox Laboratories Ltd., 188 Brent Crescent, 
London, N.W.10. Tel. No.: 01-965 1157. 

(2375) 


Experience 
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UNIVERSITY 


OF DUBLIN 





Trinity College 


Lecturer in Clinical 
Microbiology . 


Re-Advertisement 


Applications are invited for the above pust. 
Candidutes should have several years experi- 
ence in Clinical Microbiology, but need not 
hold a medical qualification. 


The post will entail duties in the teaching 
and research aspects of the subject and in 
the provision of a Microbiology service to 
the Federal Dublin Voluntary Hospitals. 


Ir would be of particular interest to a person 
who is considering a career in Clinical Micro- 
biology. 


Salary seule: £2,867 by £162 to £4.001 (bar): 
£4.163 by £162 to £4,649; plus marriage and 
children's allowances and a non-contributory 
Pension, 


Further particulars and application forms 
muy be obtained from: 


The Staff Secretary, 
West Theatre, 
Trinity College, 
Dublin 2. 


Closing date for completed applications is 
Friday, July 12, 1974. (2391) 


For starting new research work the 
Laboratories of the “ Institute fer the Research 
on Alternative Methods to Animal Experiments” 
need, in Vienna or Munich, MEDICAL AND 
TECHNICAL SPECIALISTS with very good 
knowledge of Tissue Culture. Some knowledge 
of German required. 


Applicants please write, with references to 
Studies, present activities and salary, to: Inter- 
national Society for the Research on Alternative 
Methods to Animal Experiments, Austrian 
Section, A-1060, Vienna, Webgasse 42/3-. 

(2399) 





THE CITY UNIVERSITY 


LONDON 
DEPARTMENT OF CHEMISTRY 


Applications are invited for the 
CHAIR OF ORGANIC CHEMISTRY 


The salary will be in the range for professorial 
appointments (minimum salary, £5,973 p.a. on 
scales operative from October 1, 1974) and there 
will be a London allowance of £162 p.a. Superan- 
nuation will be in accordance with the provisions 
of the F.S.S.U. 


Further particulars may be obtained from the 
Academic Registrar, The City University, St. 
John Street, London, ECIV 4PB. 
eure closing date for applications is July 31, 
Please quote reference number 142/C/N. 

(AK 2394) 





THE ROYAL VETERINARY 
COLLEGE 
(UNIVERSITY OF LONDON) 


LECTURER IN PHYSIOLOGY 


Applications are invited from veterinary, 
medica] and science graduates for the post of 
Lecturer in Physiology. The main teaching res- 
ponsibility is Veterinary Physiology for the 
B.Vet.Med. degree, but the appointee wil! also 
be expected to assist with the Honours B.Sc. 
course and to pursue research. Prospective 
applicants are encouraged to contact the Head 
of Department of Physiology, Professor M, G. 
M. Jukes. 


Salary scale £1,929 to £4,548 p.a. (£2,118 to 
£4,896 from October 1, 1974) plus London 
Allowance £162. Initial salary determined by 
experience and qualifications. Superannuation 
benefits under FSSU. 


Application forms and further particulars from 
the Assistant Secretary (Personnel), (N) The 
Royal Veterinary College, Royal College Strect, 
London NWI OTU, The appointment is intended 
to become effective as near the beginning of 
October 1974 as can be arranged. 

Closing date for applications July §, 1974. 

(2388) 








Research in 
Offshore Exploration 


With expansion of our offshore exploration activity, the following 
vacancies have arisen within the Exploration and Production Research 
Division at our Sunbury Research Centre. 

Oceanic Geophysicist/Geologist 

to study offshore seismic and other data from deep water areas. He 
will be aged under 35, have a good honours degree in Physics, Geology 
or Geophysics, and have at feast five years’ experience in marine geo- 
logical and/or geophysical studies, preferably in deep water. He should 
be familiar both with the equipment used for reflection, refraction, 
gravity and magnetic surveys and in the processing and interpretation 
of results. Interest in recent developments in crustal research and/or 
sedimentary processes on the continental margins would be an 
advantage. 


Marine Geophysicists 

to work on surveys in connection with the engineering characteristics 
of the sea (currents and waves) and the sea bed (sediment type, 
thickness, etc.). A considerable amount of operational survey work 
is involved but the development of improved techniques will be a 
significant element. 


Candidates aged under 35, should preferably hold an M.Sc. in Applied 
Geophysics or Marine Geotechnics. One post requires at least 5 years’ 
experience in the supervision and interpretation of sea bed surveys 
using sparker, boomer and side-scan sonar equipment. The other re- 
quires less experience but a specific interest in equipment develop- 
ment. 


Starting salaries will be competitive and will depend on age and ex- 
perience. First class fringe benefits include a non-contributory pension 
scheme, subsidised lunches and full sports and social facilities. 


Please write for an application form, quoting reference U.819, to: 

The Manager, Central Recruitment, the British Petroleum Company 

Limited, Britannic House, Moor Lane, London EC2Y 9BU. ' 
(2423 


r 


CHELSEA COLLEGE 
UNIVERSITY OF LONDON 





RESEARCH OFFICER 
IN 
MATERIALS SCIENCE 


Research Officer S.R.C, sponsored required 
to study solid state electrochemical systems 
involving oxide bronzes and fast ion con- 
ductors. There will be a strong emphasis on 
practical applications, Candidates with train- 
ing in Physical Chemistry, or Solid state 
device fabrication would be especially suitable. 


The appointment is tenable for three years 
from October 1, 1974. Salary will depend 
upon age and qualificutions of the candidate 
up to £2,715 per annum, with two increments 
to £3,045 (London allowance included), scale 
under review. 


Applications with curriculum vitae and 
names of two referees should be sent by July 
L, 1974 to Dr Mino Green, Electrical Engin- 
veering Department, Materials Section, Im- 
perial College, London SW7 2BT. 


.. $ 
Enquiries please phone 589-5111, Ext. 2025. 
(2402) 


o 
eee eee ee en ee 


The Biophysics Laboratory has a vacancy for 
a LABORATORY TECHNICIAN GRADE 2B. 
The appointment of a trainee technician would 
be considered. The work involves research into 
electrical properties of biological materials and 
general teaching laboratory duties. Qualifications 
required are O.N.C. or equivalent, but two A- 
levels in appropriate Science subjects would be 
preferable; encouragement will be given for 
further study. Salary Scale: £1,699 to £13,969 per 
annum (including London Allowance) or for a 
trainee £973 to £1,426 per annum (including 
London Allowance). Please write, giving personal 
details, to Dr. D. Rosen, Biophysics Laboratory, 
(N) Chelsea College, Manresa Road, London, 
SW3 6LX, (2389) 





UNIVERSITY OF THE 
WEST INDIES 
JAMAICA 


Applications are invited for CHAIR IN THE 
DEPARTMENT OF MATHEMATICS. This is one 
of two Chairs. Appointee should have broad 
interests and considerable research experience in 
Pure or Applied Mathematics and will be expected 
to participate in the direction of teaching and 
research carried out in the Department. Salury 
scale: J$12,336 to J$15,768 p.a. (£1 sterling= 
3$2.20). ESSU. Unfurnished accommodation at 
rent of 10% of salary for maximum of three years, 
thereafter 20% of salary paid in lieu of housing. 
Family passages; triennial study leave. Detailed ap- 
plications (10 copies), including a curriculum vitae 
and naming 3 referees, should be sent by airmail, 
as soon as possible to the Registrar, University of 
the West Indies, Mona, Kingston 7, Jamaica. 
Detailed pareputar are available and should be 
obtained from the same source before an applica- 
tion, is made. (2408) 
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(2) 


(3) 


herbage plants; 


velopment in Agriculture. 
The 


graduate experience. 
HSO 


perience on the following scales: 
SSO £2,798 to £3,895 
Please write or telephone for 





DUNSTAFFNAGE 
MARINE RESEARCH 
LABORATORY 
OBAN, ARGYLL 


SCIENTIFIC OFFICER 


Applications are invited for the post of 
Scientific Officer to join a multidisciplinary group 
working on the breakdown of cellulose in marine 
sediments. The applicant would be expected to 
have a University degree or equivalent in Micro- 
biology or related science. Post would be for 
initial period of two years; starting annual 
salary around £1,435. 

Application forms can be obtained from the 
Director, Dunstaffnage Marine Research Labo- 
ratory, P.O. Box 3, Oban, Argyll saat Pea 





CHAIR OF PHARMACOLOGY 


Medical college and large teaching hospital in 
major medical centre is considering applications 
for the Chair of Pharmacology. Rush-Presbyterijan- 
St. Luke’s Medical Center is an equal opportunity/ 
affirmative action employer. Please send curriculum 
vitae and bibliography to Dr William Knospe, 
Chairperson of the Pharmacology Search Commit- 
tee, Rush-Presbyterian-St. Luke’s Medical Center, 
c/o Department of Medicine, 1753 West Congress 
Parkway, Chicago, Illinois 60612 U.S.A. (2405) 





INSTITUTE OF MEDICAL 
LABORATORY TECHNOLOGY 


Applications are invited for a vacancy in the 
editoria] and information office. 


Ideally the successful candidate will have had 
experience in a medical laboratory (and preferably 
hold medical technology qualifications and/or a 
science degree) and in addition some editorial or 
other office experience. Duties are likely to include 
editorial and advertising work on a monthly and 
other publications, liaison with printers and pro- 
viding an information service to enguirers, for 
example members of the profession and school 
leavers. 

Salary negotiable around £2,000. 

Office is situated in central London convenient 
to the Underground. 

Applications, giving brief curriculum vitae, to 
the Generak Secretary, Institute of Medical Labora- 
tory Technology, 12 Queen Anne Street, London 
WIM OAU, marked CONFIDENTIAL. (2404) 


BIOMETRICIAN 


Applications are invited for a permanent and pensionable post in the 
Biometrics Division of the Department of Agriculture, Northern Ireland. 
successful candidate will be concerned mainly with the following; 
design and analysis of faboratory and field experiments and surveys; 
the statistical assessment of genetica! studies on poultry, cattle and 


the development and application of computer based systems for 
handling scientific and other data associated with research and de- 


successful candidate may be required to undertake teaching duties 
in the Faculty of Agriculture, The Queen’s University, Belfast. 
Appointment to the post may be at Senior Scientific Officer, Higher 
Scientific Officer or Scientific Officer level, the qualifications for which are: 
SSO Over 25 and under 32 years of age with a first or second class 
Honours Degree or equivalent in mathematics ‘or biology with 
specialisation in and/or experience of statistics with special refer- 
<j ence to the design and analysis of experiments and surveys. Candi- 
dates at this level should have at least 4 years relevant post- 


Under 30 years of age with an Honours Degree as above and at 
least 2 years relevant post-graduate experience. 

SO Under 27 years of age with an Honours Degree as above. 

Grading and commencing salary will be related to qualifications and ex- 


HSO £2,221 to £2,854 
an application form, 
SB 136/74/N to the Secretary, Civil Service Commission, Clarendon House, 
Adelaide Street, Belfast BT2 8ND (telephone 0232-44300, ext. 26). Com- 
pleted forms must be returned to arrive not later than June 28, 1974. 


7 NORTHERN IRELAND 
‘CIVIL SERVICE 


















SO £1,435 to £2329 
quoting Ref. 












(2420) 





THE UNIVERSITY OF ADELAIDE 


invites applications for appointment as 
LECTURER 


in 
ANATOMY AND HISTOLOGY 


A medical qualification registrable in South 


, Australia is desirable but not essential. The appoint- 


ment will be made as soon as the person concerned 
is able to assume duty. 


The Department of Anatomy and Histology 
teaches University students of Medicine. Dentistry 
and Science, and in addition Physiotherapy and 
Occupational Therapy students of the South Aus- 
tralian Institute of Technology (for further particu- 
lars see Statement referred to below). Research 
fields are neuroendocrinology, human and com- 
parative neurology, cell biology, experimental em- 
bryology. and clinical anatomy. Persons with an 
interest in clinical anatomy (medical graduates) or 
neuroendocrinology are especially invited to apply. 


SALARY SCALE: $A8,698 by $A470(1) by 
$A469(6) to $A11,982 (plus a loading for medical 
qualifications at the rate of $A833 a year); with 
superannuation on the F.S.S.U. basis. Initial salary 
will be fixed within the scale in accordance with 
qualifications and previous experience. 


FURTHER INFORMATION, including list of 
particulars required in an application, is available 
from the Registrar of the University or from the 
Chieti a oe on of Commonwealth 

niversities ppts), ordon Square, Lond 
WCIH OPF. ede tte 


APPLICATIONS should reach the Registrar, 
G.P.O. Box 498, Adelaide, South Australia, 5001 
not later than July 31, 1974. (2407) 





THE UNIVERSITY COLLEGE 


OF WALES 
ABERYSTWYTH 
DEPARTMENT OF BOTANY AND 

m MICROBIOLOGY 
Applications are invited for the post of 


DEMONSTRATOR, tenable from October 1, 
1974. Applicants should have a’ special intefest 
in Ecology. . 


e 
Salary range: £1,758 to £1,923 per annum, 
Application forms and particulars available 
from the Registrar. Closing date: June 28, 1974. 
° (2380) 


CHARING CROSS HOSPITAL 
MEDICAL SCHOOL 


There is an opening for a research assistant in 
a new small paediatric research laboratory which 
will undertake special investigations mainly into 
intestinal malabsorption. 

Salary according to qualifications and experience 
within the range £1500-£2000 a year. 

Applicants who wish to visit should make an 
appointment with Mrs. Colvin (Paediatric Secre- 
tary) 748 2050 Ext. 2034. 

Applications in writing with full details of quali- 
fications und experience and names of two re 
ferees to The Secretary, Charing Cross Medical 
School, Fulham Palace Road, London, W6 9HH 
by 24th June 1974 quoting reference sales 


RESEARCH IN MUSCLE 
DISEASE 


Applications from honours graduates in 
biochemistry or a related discipline are in- 
vited for the post of Research Assistant in 
continuing studies of muscle metabolism in 
health and disease. 


The successful applicant will be expected 
to register for the degree of Ph.D. at the 
University of Glasgow. The post carries 
N.H.S. grading, with appropriate super- 
annuation and salary (£1,797 to £2,259) from 
October 1, 1974. 


Applications naming two referees should be 
sent as soon as possible to Dr W. H. S. 
Thomson, Research Laboratory, Knightswood 
Hospital, Glasgow G13 2XG. (2428) 





THE UNIVERSITY OF MANCHESTER 
DEPARTMENT OF PHYSICS 


RESEARCH ON SUPERFLUID 
HELIUM 3 BELOW 3 mK. 


Applications invited for the post of Postdoctoral 
Research Assistant to work on the above topic 
under the direction of Professor H. È. Hall. The 
post is for two years from October Ist, 1974 or 
earlier; salary on the Lecturer scale (initially 
£2.412 p.a. for an applicant of 26 or over). Can- 
didates with experience of experimental work below 
100 mKare preferred. Curriculum vitae, publica- 
tions list, and names of two referees should be 
sent to Professor H. E, Hall, Schuster Laboratory, 
The University, Manchester, M13 9PL. (9401) 





POSTDOCTORAL 


RESEARCH ASSISTANT 


required in Department of Clinical Pharma- 
cology for work on the effect of drugs on 
the adrenal cortex. Previous experience with 
tissue culture and subcellular fractionation 
techniques would be an advantage. Appoint- 
ment for up to 3 years. Salary, commensu- 
rate with experience, will be in non-clinical 
Lecturer range. Apply, The Secretary, St 
Mary’s Hospital Medical School, Paddington, 
London W2 IPG quoting Ref. CPG. 
(2465) 





UNIVERSITY OF AUCKLAND 
NEW ZEALAND 


LECTURESHIP IN MECHANICAL 
ENGINEERING 


Applications are invited for the above-mentioned 
post from candidates wth qualifications in the 
areas of control engineering and dynamics; in- 
dustrial thermodynamics; production engineering. 
Previous experience in research, in teaching and 
professiona] practice are all desirable but it is 
not essential that applicants should have experience 
in all three. 

The salary scale for a Lecturer in NZ%$6753 
rising to $8568 p.a., commencing salary being 
determined in accordance with qualifications and 
experience. 

Further particulars including details of super- 
annuation, travel exp.rnses, application procedure, 
are available from the Association of Common- 
wealth Universities (Appts), 36 Gordon Square, 


London WCIH OPF. 


Applications close on 8 July 1974. (2414) 
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UNIVERSITY OF MALAWI 
CHANCELLOR COLLEGE 


Applications are invited for LECTURESHIP IN 
PHYSICS, tenable from 1 September 1974, Ap- 
plicants should have a higher degree, preferably 
a Ph.D. with some teaching and research cx- 
perience. Their theoretical or experimental research 
interests should include acoustics, solid state and 
vacuum physics. The appointee will be expected 
to teach at all levels of a four-year ordinary de- 
gree course. Salary seale (including expatriate 
addition}: K2,809-K4,714 p.a, (£I sterling = K2.01). 
Salary may be supplemented either by a Univer- 
sity addition of K720 p.a. (taxable in Malawi) or 
the British Government may supplement salary 
by £600-£850 p.a. (sterling) for married appointee 
or £300-£550 p.a. (sterling) for single appointee 
(normally free of all tax) and provide children’s 
education allowances and holiday visit passages. 
These fatter supplementation rates are currently 
under review. Gratuity of 15%-25%: superannua- 
tion scheme transferable with F.S.S.U.; Family 
passages; various allowances; biennial overseas 
leave; housing. Detailed applications (2 copies), 
including a curriculum vitae and naming 3 re- 
ferees, should be forwarded by airmail not later 
than 4th July, 1974, to the Registrar, University 
of Malawi. University Office, P.O Box 278, Zomba, 
Malawi. Applicants resident in U.K. should also 
send 1 copy to Inter-University Council, 90/91 
Tottenham Court Road, London, WIP ODT. 





Further particulars may be obtained from either 
address. 


(2418) 


BILOCHEMIST 


A leading British pharmaceutical Research 
Organisation has a vacancy for a SENIOR 
BIOCHEMIST to initiate and direct research 
projects in the areas of pharmacokinetics, 
drug metabolism, molecular pharmacology 
and enzymology in association with the de- 
sign and development of new medicines. 
Persons with apropriate experience are in- 
vited to apply in writing for further details, 
to: The Secretary, Biorex Laboratories Ltd., 
Biorex House, Canonbury Villas, London 
NI 2HB, marking the envelope CON- 
FIDENTIAL. (2450) 











UNIVERSITY OF 
WESTERN AUSTRALIA 
PERTH 


ANATOMY 


Applications are invited for appointment as 
SENIOR LECTURER OR LECTURER in the 
Department of Anatomy. The University’ wants to 
appoint an anatomist interested in new educational 
methods, particularly in the teaching of gross 
anatomy and in the clinical applications of 
anatomy. The Department is well equipped for 
teaching and research, and is housed in a pleasant 
modern building. There are ten full-time academic 
staff and active research programmes ‘in tissue 
regeneration, neurobiology, cytology, embryology 
and various aspects of human biology. The ap- 
pointee will be encouraged to develop his research 
interests and train research students. Further in- 
formation on the Department may be obtained 
~from Professor D. B. Allbrook. 


The salary ranges are: Senior Lecturer--$A 12.26 
to $A14,308 p.a.; Lecturer-—$A8,698 to SAIL ORS 
p.a. Benefits include superannuation similar to 
F.S.S.U., fares to Perth for appointee and depen- 
dent family, removal allowance, study leave and 
long service leave and housing loan scheme. 


Applications in duplicate stating full personal 
particulars, qualifications and experience should 
reach the Staffing Officer, University of Western 
Australia, Nedlands, Western Australia, 6009, by 
June 39, 1974. Candidates should request three 
referees to write immediately to the Staffing Officer. 

(2415) 
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UNIVERSITY OF EAST ANGLIA 
SCHOOL OF CHEMICAL SCIENCES 


Applications are invited for Science Research 
ounen Advanced Course Studentships to read 
or the 


M.Sc. IN CHEMICAL SPECTROSCOPY 


This one-year course, commencing October l, 
1974, covers a wide range of spectroscopie tech- 
niques and includes practical rescarch experience. 
Applicants must possess at least a 2nd class honours 
degree or the equivalent. Application forms and 
further information may obtained from the 
Senior Administrative Assistant, School of Chemical 
Sciences, University of East Anglia, Norwich NOR 
88C. (2413) 
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HEDGES AND BUTLER LTD. 


Microbiologist 


We are seeking a graduate Microbiologist 
to provide an efficient and complete 
mycological and bacteriological service to 
our Central Laboratory situated in our major 
“roduction and packing complex at 
Bromley—by-Bow. 

Although primarily a quality control 
function some applied research together 
with development of existing methods is 
envisaged. Self motivation and initiative 
are essential. 

Applicants, male or female, will probably 
be in the age bracket 24-35 and will 
possibly already have had three or more 
years industrial experience. An Upper 
Second in Microbiology is the minimum 
degree level required and a higher degree 
would be advantageous. 





This position offers an excellent 
opportunity to a person interested in 
furthering management skills whilst 
retaining contact with the latest technical 
developments in this field. 

Good conditions of employment and ® 
other benefits including free life assurance 
and a contributory pension scheme will 
apply. A good salary will be negotiated 
which will reflect the importance of this 
appointment. 

Please write with a detailed curriculum 
vitae, including details of age, experience 
and current salary to: Miss J. Long, 
Personnel Department, Hedges and Butler 
Limited, Three Mill Lane, Bromley-by-Bow, 
E.3 or alternatively telephone 01-980 7133 
for an application form. 





(2400) 


john Wyeth and Brother Limited, a major pharmaceutical company 
situated at Havant, Hants, has a vacancy for a Section Leader within their 
well equipped Quality Control laboratories. The successful applicant will 
be responsible to the Head of Chemical Control for the efficient operation 
of the raw materials and intermediates section and preferably will 
possess H.N.C. in Chemistry, together with at least three years 
analytical experience in the pharmaceutical or allied industries. 


Conditions of employment are excellent. The Company offers a 
non-contributory Pension and Life Assurance Scheme and assistance 
with re-location expenses is given where necessary. 


Please apply in writing to:— 
Cameron Wolstenholme, 


Director of Personnel and Industrial Relations, 


John Wyeth and Brother Limited, * 


Huntercombe Lane South, 
Taplow, 

Maidenhead, 

Berks, SL6 OPH. 
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STEROID 
CHEMIST 


The Radiochemical Centre Limited is a leading world supplier 
of radioactively labelled compounds for research in the life 
sciences, Expansion of our production work has created a 
Vacancy for an experienced steroid chemist. 


Applicants should have an honours degree and relevant 
experience in synthetic steroid chemistry. 


We expect to make the appointment with a starting salary of up 
to £3,000 according to previous experience. Staff conditions 
include a contributory superannuation scheme, generous 
leave allowance, canteen and social club. Assistance with 
house purchase may be available. 


Telephone Little Chalfont 4444 or write to the Personnel 
Officer for an application form. 


The Radiochemical Centre 


Amersham Bucks 


AX 
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Education 
Overseas 


Sudan 


Lecturer/Instructor—Biology 
Laboratory Techniques 


At the Institute of Laboratory Technicians, Khartoum Polytechnic, to 
teach (Lectures and Practicals) in Biology Laboratory Techniques. 
Applicants, aged 30-50 should be AIST or equivalent with technical 
teaching qualifications and experience in the prescribed duties of the post. 
Appointment for 3 years. 


Salary in excess of current UK earnings plus a tax free overseas allowance. 
Other benefits include free family passages, paid leave, children’s 
education allowances, and free accommodation and medical attention. 
Superannuation rights may be safeguarded; all emoluments paid by British 
Government. Applicants should normally be citizens of, and permanently 
resident in, the United Kingdom. 


For full details and an application form please apply stating age, 
qualifications and experience to:— 


Appointments Officer 


Overseas Development 


Administration 


Room 317 

Eland House 

Stag Place 

London SWIE 5DH 
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CHARING CROSS HOSPITAL 
MEDICAL SCHOOL 


Research Assistants (2) required for Endocrine 
Laboratory to join projects studying effects of 
hormones on the chemistry of cells, and the 
application of these studies to clinical investigation. 
Salary according to qualifications and experience, 
but the posts are junior, and suitable for new 
graduates. Applications to Dr J. R. Daly, Depart- 
ment of Chemical Pathology. Charing Cross Hos- 
pital Medical School, London W6 8RF, from 
whom further particulars may be obtained. 

(2426) 


GRIFFITH UNIVERSITY 
BRISBANE, AUSTRALIA 


SCHOOL OF AUSTRALIAN 
ENVIRONMENTAL STUDIES 


Griffith University will admit its first under- 
graduate students in March 1975. Its organisation 
is on a broad school of study basis and it has a 
commitment to interdisciplinary teaching. Applica- 
tions are now invited from men and women for 
the following positions: 


SENIOR LECTURER/LECTURER 
IN POLITICAL ECONOMY 


Applicants should have a major interest in 
regional development or regional economics with 
relevant practical experience. The successful ap- 
pointee will have qualifications in one or more 
of the fields of economics, geography, political 
science or administration. The School would be 
especially interested in an applicant who has com- 
bined some of these disciplines with teaching and 
research work. 


LECTURER IN APPLIED 
MATHEMATICS 


The appointee will be expected to assist in 
planning and developing a main study area in 
system science and applicable mathematics, This will 
include the study of applied mathematics with 
emphasis on mathematical methods and operations 
research. Some experience in the presentation of 
mathematical ideas to students with limited formal 
mathematical background would be an advantage. 

Salaries will be within the range: Senior Lecturer 
~—~$A12.268 to $A14,308; Lecturer—3A8,698 to 
$A11,982. Rates of exchange as at May 1974 are 
$Al=62p; SAL—$US1.48. 

Appointments to these positions will be from 
October 1, 1974, or as soon as possible thereafter. 

For further details of these posts and for the 
method of application, write to the Association of 
Commonwealth Universities (Appts), 36 Gordon 
Square, London WCIH OPF. (2443) 





TECHNICIAN required by Department of Ex- 
perimental Immunology of INSTITUTE OF CAN- 
CER RESEARCH, Clifton Avenue, Belmont, 
Sutton, Surrey. Duties include maintenance and 
transplantation of animal tumours (training will 
be given), general anima! husbandry and supervision 
of juniors. Would suit animal technician washing 
to learn more general laboratory techniques. 

Applicants with A.LA.T., A.LS.T., preferred. 
Home office licence an advantage. Starting salary 
in region £1566-£1770 according to qualifications 
and experience. Apply in duplicate with names 


of two referees to the Secretary, 34 Sumner Place 


London SW7 3NU, quoting ref. 301/B/523. 
(2435) 


UNIVERSITY OF THE 
WITWATERSRAND, 
JOHANNESBURG, SOUTH AFRICA 


SENIOR LECTURER IN 
MATHEMATICS 


Applications are invited for appointment to the 
above post in the Department of Mathematics. 
Duties are to be assumed on January 1, 1975, or 
carlier by mutual arrangement. Candidates should 
have a strong research interest in some field of 
modern pure mathematics. ` 

Salary will be in the range R7,245 to R9,315, 
the initial salary to be determined according to 


qualifications and experience. Benefits inchide an. 


annual bonus, pension and medical aid facilities, 
and a housine subsidy, if eligible. 

_Intending applicants should obtain the informa- 
tion sheet relating to this post from the Registrar, 
University of the Witwatersrand, Jan Smuts Avenue, 
Johannesburg, South Africa, with whom applica- 
tions should be lodged not later than June 30, 
1974. U.K. applications may obtain the information 
Sheet from the London Representative, University 
of the Witwatersrand, 278 High Holborn, London, 
W.C.1, to whom a copy of the application should 
be sent. (2430) 
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THE MIDDLESEX HOSPITAL 
MEDICAL SCHOOL 


(UNIVERSITY OF LONDON) 
DEPARTMENT OF NUCLEAR MEDICINE 


RADIOIMMUNDASSAYIST 


An experienced Biochemist (preferably post- 
doctoral) or medical graduate with a special interest 
in radioimmunoassay and saturation assay tech- 
niques is required to take charge of the service/ 
development group in the Department of Nuclear 
Medicine, Responsibilities will include the over- 
sight of routine work currently undertaken within 
the Department and by peripheral research groups, 
but special emphasis will be placed on the develop- 
ment of new and improved assay techniques. This 
is a new appointment offering a challenging oppor- 
tunity to an imaginative and energetic scientist in 
a group with a long experience of R.IL.A. methods 
and possessing excellent technical facilities. The 
successful applicant will be expected to participate 
in the undergraduate and postgraduate teaching. 
Salary on the Lecturer scale according to age. 
qualifications and experience £1,929 to £4,548 per 
annum plus £162 London allowance, rising on 
October 1. 1974 to £2,118 to £4,896 per annum 
plus London allowance. Applications including a 
curriculum vitac and the names and addresses of 
two referees should be submitted to Professor R. 
Ekins (N). The Middlesex Hospital Medical School, 
London WIP JPN, by July 1. 1974, Further 
purticulars may be obtained similarly by ringing 
01-636 8333, Extn. 7289). (2446) 


THE POLYTECHNIC 
OF CENTRAL LONDON 
SCHOOL OF ENGINEERING 
AND SCIENCE BIO-ORGANIC 
GROUP 


RESEARCH FELLOW 
£2,151 to £2,421 


for work on the enzymology of 

penicillin production in penicillium 

chrysogenus. Candidates should have, 

or expect to obtain a Ph.D. in En- 

zymology or Protein Chemistry. 

RESEARCH ASSISTANT (2 posts) 
£1,427 to £1,592’ 


(a) for work on the entry of drugs 
into mammalian cells in culture; (b) 


for work on hydrolytic 
capable of degrading the 
macromolecules present in 
disposal systems, 


Candidates for both posts should 
have, or expect to obtain a good 
Honours degree in Biochemistry or 
related subjects, Successful candidates 
may be registered for a higher degree 
of the CNAA. 


Details and application form from 
The Establishment Officer, 309 
Regent Street, London WIR 9AL. 

(2457) 
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THE MALAYSIAN RUBBER 
PRODUCERS’ RESEARCH 
ASSOCIATION 


requires an experienced ELECTRON MICRO- 
SCOPE TECHNICIAN to take charge of the opera- 
tion and maintenance of its Siemens Elmiskop Mk 
l and ancillary equipment. The position is suitable 
for candidates aged between 25 and 35 with experi- 
ence in biologicul and physical work and with a 
sound knowledge of replica embedding and section- 
ing techniques, The starting salary may be between 
£1,400 and £2.400 per annum depending on age. 
experience and qualifications. There is a pension 
scheme. 


The Association will be moving in July to an 
attractive new Jocation on a 30-acre site at Bricken- 
donbury, near Hertford. Transport from Welwyn 
Garden City and locality may be provided. 


Please write giving details of qualifications and 
experience to: 


The Director, 


The Malaysian Rubber Producers’ Research 
Association, 
56 Tewin Road, 
Welwyn Garden City, 
_ Herts. (2439) 


Product 


Registration— 
Pharmaceuticals 


As a major and successful U.K. based pharmaceutical manufacturer 
with world-wide interests, our activities and markets continue to 
expand. This expansion, coupled with new legislation, creates the 
need to appoint an additional graduate to join the Product Registra- 


tion Department in Nottingham. 


Responsibilities will consist of assistance in the preparation of 


submissions for registration of pharmaceutical products in the U.K. 
and overseas countries and in the preparation of technical dossiers for 
use in various departments of the Company. Liaison with marketing 
and technical specialists is an integral part of the job. 


Applications are invited from graduates in pharmacy or a biological 
science who have worked in the pharmaceutical industry for about 
two years. Previous experience in product registration would be an 


advantage but is not essential. 


Employment conditions are first class. Some help with relocation 
expenses will be given if appropriate. Please write for an application 
form to: J. F. Pattison, Employment Services Dept. 









We are looking for an experienced 
Biochemically orientated Pharmaco- 
logist or Neurochemist to join a 
multt-disciplinary team seeking novel 
drug therapy for mental illness, 


He (or she) will probably possess a 
Ph.D and preferably have post- 
doctoral experience, but in any event 
should have substantial research ex- 
perience concerning the Biochemistry 
of the central nervous system. 


The person appointed will be expec- 
ted to take responsibility for important 






















John Atkinson, 
Site Personnel Officer, * 
Beecham Research Laboratories, 
The Pinnacles, 
Harlow, Essex, 


The Boots Co. Ltd., 


Station Street, 
Nottingham NG2 3AA. 





(2468) 


“Ste so o tee 


 Pharmacologist/ 
Neurochemist 


areas of the project work and will 
work in close collaboration with 


‘scientists specialising in behavioural 


and electro- physiological techniques. 


Salary will be competitive and there 
are good fringe benefits. The site is 
located one mile from Harlow New 
Town and Development Corporation 
property may be available to suitable 
candidates at economical rent. 


If you would like to be considered 


for this post, please write, outlining 
your Career to date, to: 
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E Research 
= in Surface | 
1 Physics 


A graduate Physicist or Electronics 
Engineer is required to join a team working 
on fundamental investigations of the 
thermal oxidation of silicon and the 
electrical properties of the silicon/oxide 
interface. Modern surface-physics 
electronic-measurement and computer- 
analysis techniques are used and the 
applicant will be expected to make 
electrical measurements and assist in their 
interpretation. Asound knowledge of 
semiconductor physics and electronic 
systems is essential and experience in 
electronic design, computer 

programming or UHV techniques would 
be an advantage. 


We are situated on the attractive Surrey/ 
Sussex border in close proximity to 
London, the South Downs and the Coast. 
Working conditions, salaries and 
conditions of employment are first class. 


al 
’ Ww Mullard Research Laboratories 


Ref. 358/N 





Application forms may be obtained 
from M.L. Malpass, Personnel 
Manager, Mullard Research 
Laboratories, Cross Oak Lane, 
Salfords, Nr. Redhill, Surrey. 


(2438) 





AGRICULTURAL RESEARCH INSTITUTE OF 
NORTHERN IRELAND 
Hillsborough, Co. Down 


ASSISTANT EXPERIMENTAL OFFICER 


Applications are invited for the post of Assistant Experimental Officer to assist with 


experimental work with beef animals. 


Salary scale: £1,435 to £2,329 plus Superannuation Allowance. 


Candidates should possess—a pass 
equivalent. 


degree; 


H.N.D.: or O.N.D. in Agriculture, or 


Previous experience of supervisory duties and working with animals would be an 


advantage. 


Application forms and further particulars may be obtained from the Secretary to whom 
applications should be submitted by Monday, July 8, 1974, 


Canvassing will disqualify. 


(2403) 





UNIVERSITY OF PAPUA AND 
NEW GUINEA 


Applications are invited for the Post of CHIEF 
TECHNICIAN, AGRICULTURE, tenable as soon 
as possible. Appointee should have a degree in 
Agriculture or equivalent qualification with appro- 
priate research experience. Responsibilities will 
include supervision and assistance in research work, 
and the preparation of materials for examinations 
and practices. Salary: A$9,099 to AS${0,432 p.a. 
plus A$360 p.a. dependant allowance (£1 sterling== 
A$1.62}. Housing allowances. Applications (2 
copies) including a curriculum vitae, a recent small 
photograph, an indication of starting date, and 
naming three referees should be sent by airmail to 
arrive as soon as possible to the Secretary, P.O. 
Box 4820, University, Papua New Guinea, from 
whom further particulars may be SZR i 


SCIENTIFIC OFFICER/ 
HIGHER SCIENTIFIC OFFICER 


required at the Agricultural Research Council 
Unit of Statistics, Edinburgh, to advise on appli- 
cation of existing statistical methods to agricultural 
research and to take part in the development of 
new methods. > 

QUALIFICATIONS: A good Honours degree in 
Mathematics or Statistics together with appropriate 
postgraduate statistical experience. 


e SALARY: Scientific Officer scale £1,435 to £2,329. 


Higher Scientific Officer scale £2,221 to £2,854 
pending on qualifications and experience, a mini- 
mum of two years postgraduate experience being 
required, for appointment to the HSO grade. 
The post is superannuable, withgan allowafice to 
offset contributions. Enquiries and applications to 
the Director, Agricultural Research Council Unit 
of Statistics, 21 Buccleuch Place, Edinburgh EH8 
9LN. è (2442) 


KINGSTON POLYTECHNIC 
SCHOOL OF GEOLOGY 


SENIOR TECHNICIANS 


(1) FOR MINEROLOGY AND PETROLOGY 
SECTION 
(2) FOR STRUCTURAL GEOLOGY SECTION 


A degree in Geology or Advanced Certificate for 
Science Lab technicians or several years’ appro- 
panie experience desirable. Salary grade 3/4 £1,521 
to £2,031. 


Further details and application forms from 

Assistant Registrar, Kingston Polytechnic, Pen- 
rhyn Road, Kingston upon Thames KT1 2EE. 
01-549 1366. (2424) 


UNIVERSITY OF THE 
WEST INDIES 
JAMAICA 


Applications are invited for (a) LECTURESHIP 
or {b} ASSISTANT LECTURESHIP IN THE 
DEPARTMENT OF PHARMACOLOGY. Duties 
of the post will be to instruct students in Phar- 
macology reading for the MB, BS degree of the 
University, and to do research in Pharmacology. 
Preference will be given to candidates with medical 
qualifications. Salary scales: (a) (Medical 3$7,860 to 
J$10,752 p.a. QNon-medical) J$6,168 to J$9,768 p.a.: 
{b) (Medical) J36,300 to J$6,900 p.a. (Non-medical} 
J$5,006 to J$5,486 p.a. {£1 sterling —J$2.203. 
F.S.S.U. Unfurnished accommodation at rent of 
10% of salary, for maximum of 3 years, there- 
after 20% of salary paid in lieu of housing. Family 
passages; triennial study leave. Detailed applications 
(6 copies}, including a curriculum vitae and naming 
3 referees, should be sent by airmail, as soon as 
possible, to the Registrar, University of the West 
Indies, Mona, Kingston 7, Jamaica. Further 
Particulars are available and should be obtained 
from the same source before an application is 
made. (2434) 





MANCHESTER AREA 
HEALTH AUTHORITY 
(TEACHING) 
SOUTH DISTRICT 
WITHINGTON HOSPITAL 
MANCHESTER M20 8LR 


GRADUATE 


required with. a good honours degree in 
biochemistry. The appointee will take part 
in research into thrombosis and develop- 
ment work in the National Reference 
Laboratory for Anticoagulant Contro! Re- 
agents at Withington Hospital. 

Further information can be obtained from 
Dr. L. Poller, Consultant Haematologist, 
Withington Hospital. 

Applications with the names of two re- 
ferees to the Hospital Secretary, quoting ref. 
B22. ($1323) (2453) 





UNIVERSITY OF THE 
WEST INDIES 
JAMAICA 
Applications are invited for (a) LECTURESHIP 
or (b) ASSISTANT LECTURESHIP THE 


DEPARTMENT OF ZOOLOGY, tenable as soon 
as possible. Preference will be given to persons 


with an interest in Marine Ecology. Salary scale: a 


(a) J$6,168 to J$9,768 p.a.; (b) J$5,006 to J$5,486 
p.a. (£1 sterling=J$2.20). F.S.S.U. Unfurnished 
accommodation at rent of 10% of salary for maxi- 
mum of three years, thereafter 20% of salary paid 
in lieu of housing. Family passages; triennial study 
leave. Detailed applications (6 copies), including a 
curriculum vitae and naming 3 referees, should be 
sent by airmail, as soon as possible to the Registrar, 
University of the West Indies, Mona, Kingstor 7, 
Jamaica. Detailed particulars are available and 
should be obtained from the same source before 
an application is made. (2433) 





UNIVERSITY OF EXETER 


Demonstratorship in Organic 
Chemistry 


Applications are invited for a Demonstratorship 
in Organic Chemistry, tenable from 1 October 
1974 for two years. Applicants should have a 
Ph.D. degree or equivalent research experience. 

Salary within the range £1941-£2247 per annum 
with initial placement in accordance with qualifi- 
cations and experience. The post is superannuable 
(FSSU). 

Further particulars may be obtained from: The 
Secretary of the University. Northcote House, 
The Queen’s Drive, Exeter EX4 403, to whom 
applications (six copies: overseas applicants one 
copy), together with the names of two referees, 
should be sent by 15 July. 1974. Please quote 
Reference No. 1/12/7074 in all correspondence. 

(2436) 
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UNIVERSITY OF THE 
WITWATERSRAND, 


JOHANNESBURG, SOUTH AFRICA 


BERNARD PRICE INSTITUTE FOR 
PALAEONTOLOGICAL RESEARCH 


VACANCY: SENIOR RESEARCH 
OFFICER/RESEARCH OFFICER 


Applications for the above position are invited, 


from the persons whose research interests lie in 
the fields of palacobotany and/or palynology. Ex- 
perience in the field of Gondwana palacobotany is 
preferred, but will mot be an essential condition of 
appointment. The level of appointment will depend 
on the appointee’s qualifications and experience. 


Salary will be in the following ranges: 
Senior Research Officer: R7,245 to R9,315. 
Research Officer: R5,520 to R7,935; 


the initial salary to be determined according to 
qualifications and experience. Benefits include an 
annual bonus, pension and medical aid facilities, 
and a housing subsidy, if eligible, 


Intending applicants should obtain the informa- 
tion sheet relating to this post from the Registrar, 


University of the Witwatersrand, Jan Smuts Avenue, ' 


Johannesburg, South Africa, with whom applica- 
tions should be lodged not later than July 31, 1974. 
U.K. applicants may obtain the information sheet 
from the London Representative University of the 
Witwatersrand, 278 High Holborn, London, W.C.1, 
to whom a copy of the application should o; Su 
29 


UNIVERSITY OF MALAYA 
FACULTY OF SCIENCE 


Applications are invited for the posts of LEC- 
TURER/ASSISTANT LECTURER in the Depart- 
ments listed below. Subject to academic suitability 
and experience, preference will be given to can- 
didates who are competent in Bahasa Malaysia 
(Malay}. Candidates should have at least a good 
honours degree with suitable teaching and research 
experience in addition to the special qualifications 
where indicated. For the Lectureships, a doctorate 
is normally required. 


DEPARTMENT OF GEOLOGY (Onc post). 
Applicants should have a higher degree in Geo- 
logy and be qualified in Palaeontology/Stratigraphy. 
SCHOOL OF BIOLOGICAL SCIENCES: 


One post in the field of LOWER PLANT 
PHYSIOLOGY. Preference will be given to the 
candidate who possesses a good knowledge of the 
Metabolism and Morphogenesis of Lower plants. 


One post in the field of QUANTITATIVE 
ECOLOGY/BIOMETRICS. Candidates should 
have a sound biomathematica]l background with 
suitable teaching and/or research experience in 
aspects of quantitative ecology such as population 
estimation and dynamics, distribution patterns. 
association and community analysis, and systems 
analysis. 


One post in the field of SOIL MICROBIOLOGY. 
Special interests in one or more of the following 
areas:- (1) decomposition of organic materials (2) 
nitrogen fixation (3) bio-degradation of pollutants. 


One post of Lecturer/Assistant Lecturer to be 
in charge of the UNIVERSITY OF MALAYA 
FIELD STUDIES CENTRE ffor the Schoo! of 
Biological Sciences. Candidates should have at 
least a good honours degree with interest and 
research experience in Field Biology. Administra- 
tive experience would be an advantage. 


One post in the field of BIOLOGY OF VAS- 
CULAR CRYPTOGAMS with special interest in 
research, particularly in ferns, mosses or other 
cryptogamic groups of the Malesian flora. 


Salary scales (approx. stg. eqnivs.): Lecturer 
£1524-2441; Asistant Lecturer £1330-1460 p.a. In 
addition the folowing allowances are payable: 
Variable Allowance £243 min. £649 max. p.a. 
calculated at 35% of basic salary. Supplementary 
Housing Allowance £503 p.a. and medical benefits. 


Further particulars and application forms are 
obtainable from the Association of Commonwealth 


Universities (Appts), 36 Gordon Square, L 
WCIH OPF. sale Cres 


The closing date for the receipt of applicati 
is 15 July, 1974. š PP 04d) 


‘etree eee 


CHEMISTRY DEPARTMENT 
UNIVERSITY COLLEGE LONDON 


There is a vacancy for the post of POST. 
DOCTORAL RESEARCH ASSISTANT sponsored 
by the S.R.C. to work on the kinetics, stereo- 
chemistry and mechanism of oxidatively-induced 
reactions of organotransition metal complexes. 
Appointment for one year, Salary £1,929 plus £162 
London Allowance (under review), Please write 
to Mr F. Widdas, Chemistry Department, Uni- 
Mee College, 20 Gordon Street, London WCIH 


(2447) 
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Ministry of Agriculture, 
Fisheries and Food 
Plant Pathology Laboratory, Harpenden 


Plant Scientist 


E To work in team engaged on cereal disease surveys W Research 
into the epidemiology of plant diseases m Develop techniques for 
disease assessment @ Disease forecasting and appraisal of crop 
losses W Opportunity for individual investigation. 

O Degree or equivalent in Plant Science or related subject (J Interest in 
quantitative aspects of plant pathology essential £; Experience or interest in 
the use of computers an advantage C Age under 30 D Appointment as § 
Higher Scientific Officer (£2283-£2916) or Scientific Officer (£1497-£2391) 4} 
according to age and experience (] Salaries under review 1 Ref: SB/4/AG. 


Ministry of Agriculture, 
Fisheries and Food 
Salmon and Freshwater 
Fisheries Laboratory, ; 
London 


Loologist/Physiologist 


E To initiate and conduct research into fish migration and ‘homing’ 
problems mg Study reactions of fish to altered river conditions 
resulting from large-scale water transfers W Liaise with other 
organisations. 

7} Ist/2nd hons degree or equivalent in Zoology or Physiology © At least 
4 years’ postgraduate experience ‘7] Background in Zoological/Physiological 
research in fisheries desirable —] Age under 32 [] Appointment as Senior 
Scientific Officer (£3088-£4185 under review) O Ref: SB/2/AK. 

3 Application forms (to be returned by 8 July 1974) from Civil Service 
Commission, Alencon Link, Basingstoke, Hants, RGa2r 1JB, telephone 
Basingstoke 29222 ext. 500 or London o1-839 1992 (24 hour answering 
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ROBERT GORDON’S INSTITUTE OF TECHNOLOGY, ABERDEEN 


School of Pharmacy 


LECTURER 
IN PHARMACEUTICAL CHEMISTRY 


Relevant academic, industrial or research experience 
required. ` 


Salary in range £1,733-£4,173 per annum. 


Detatls from Director, Robert Gordon’s Institute of 


Technology, Schoolhill, Aberdeen, AB9 IFR. 
(2462) 
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Glamorgan 
Polytechnic 


POLITECHNIG MORGANNWG 


Research 


Applications are invited from suitably qualified persons for positions as 
Research Assistants or Research Students for projects in the following 
Faculties:— 

© 


Engineering (including Mining); 
Science; 


Social Sciences and Arts 
(including Management and Business Studies). 


Particular vacancies exist for work on 
(a) The fracture of concrete; 
(b)} The electrical properties of carbon impregnated plastics; 
(c) The microbial degradation of coal. 


The appointments will be for an initial period of two years but will 
normally be extended for three years. The persons appointed will be 
required to register for a Higher Degree of the Council for National 
Academic Awards. They will be expected to hold a good Honours Degree 
or a similar qualification. Applications from candidates with some 
experience in employment since graduation will be particularly welcome. 
The salary will be £1,500 for research assistants. For research students the 
payment will be similar to SRC scales but some additional income may 
be available. 


Applications, to be returned by 5th July, should be made by letter 
stating age, qualifications, educational background, experience and specific 
field of interest to: 


The Secretary (Reference YN), Glamorgan Polytechnic, Llantwit Road, 
Treforest, Pontypridd, CF37 IDL. Telephone: Pontypridd 0443-405133. 


(2464) 


Reckitt & Colman 
PHARMACEUTICAL DIVISION 


Mass 
Spectroscopist 


We are seeking the services of a chemist or biochemist to operate 
a gas chromatograph—mass spectrometer within the Spectroscopy 
Section of the Analytical Services Department. The successful 
candidates will be responsible for running and maintaining an 

LKB 2091 GC-MS instrument and the development of mass 
spectroscopy for the determination of structures of reaction 
intermediates, contaminants of drug candidates, and metabolites 
of potential drugs undergoing toxicological and clinical 
evaluation. 


Preferred candidates will have had experience in GC-MS either 
in the pharmaceutical or related industry or a university. 
o 


Contributory pensjon and bonus schemes are in operation, and 
the Company offers 4 weeks anntaj holiday, together with excellent 
social and welfare facilities. ° 


Please apply giving details of qualifications, experience and career 
to date to: Mrs P A Haynes, Staff Personnel Officer, Reckite & 
Colman, Dansom Lane, Hull HUS 7DS. (2437) 
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OXFORDSHIRE AREA 
HEALTH AUTHORITY (TEACHING) 


RESEARCH INSTITUTE, 
CHURCHILL HOSPITAL, 
HEADINGTON, OXFORD OX3 7LJ 


RESEARCH TECHNICIAN 


required to assist in our investigation of the 
effects of radiation on the vascular system of the 
central nervous system, Previous laboratory 
experience desirable but not essential. Further 
details from Dr. J, Hopewell, Research 
Institute, Churchill Hospital, Oxford;. applications 
to The Secretary of the Board of Management, 
Research Institute. (2469) 








UNIVERSITY OF GLASGOW 
LECTURESHIP IN VIROLOGY 


Applications are invited for a Lectureship in 
the Department of Virology. Candidates should 
have research experience with bacteriophage. 
The new salary scale for Lecturers is £2,118 to 
£4,896 per annum, which will be effective from 
October 1, 1974, initial salary placement will be 
ween range £2,118 to £3,285 per annum. 


Applications (eight copies) should be lodged 
not later than June 28, 1974, with the under- 
signed, from whom further particilars may be 
obtained. 


In reply please quote Ref. No. 3443/IM. 


ROBT. T. HUTCHESON, Secretary of the 
University Court. (2451) 





CENTRAL BIRMINGHAM 
HEALTH DISTRICT 


THE CHILDREN’S HOSPITAL 


PRINCIPAL AND SENIOR GRADE 
BIOCHEMIST 


The Clinical Chemistry Department of the 
Children’s Hospital gives a Regional Paediatric 
service and offers experience in a wide range of 
Biochemical techniques, including screening and 
research into inherited metabolic disease. The 
appointment of the successful candidate will 
depend on previous hospital experience, qualifica- 
tions, and ability to deputise for the Consultant 
Chemical Pathologist. Salary:—- Principal £3,969 
to £5,175; Senior £2,964 to £3,843. 


For further information please contact Dr. 
D. N. Raine (telephone 021-454 4851), to whom 
applications giving personal details and the names 
of two referees should be sent. The Children’s 
Hospital, Ladywood Middléway, Fiveways, 
Birmingham BI6 8ET. (2452) 





BROOM’S BARN 
EXPERIMENTAL STATION 


HIGHAM, BURY ST. EDMUNDS, 
SUFFOLK IP28 6NP 


A ZOOLOGIST 


is -required as SBREC Fellow at Broom’s Barn 
(which is a unit of Bothamsted Experimental 
Station). The subject of study is bird and small 
mammal pests of sugar beet. 


Qualifications—Ist or 2nd class honours degree, 
but those graduating in 1974 will be considered. 
The fellowship is for three years and will enable 
a suitably qualified applicant to register for a 
higher degree. The salary scale will be related to 
the first three points of the Scientific Officer 
scale: £1,435 x £84 to £1,519 x £97 to £1,616 
(scale under review). Superannuation under FSSU 
with a 44% non-pensionable allowance to offset 
personal contribution. 


Applications should be sent by July 11, 1974, 
to the Head of the Station, from whom further 
particulars can be obtained. (2460) 


ROTHAMSTED 
EXPERIMENTAL STATION 
HARPENDEN, HERTS AL5 2JQ 


ASSISTANT STATISTICIANS 


to analyse and interpret data from agricultural 
and other biological experiments using the 
Station’s computer. Degree, HNC or equivalent 
qualification in mathematics or statistics, Some 
knowledge of agriculture or biology an advantage. 


Appointment in grade of Scientific Officer 
(£1,435 to £2,329). Starting salary according to 
qualifications and experience. Superannuation 
with non-pensionable allowance to offset contri- 
butions. 


Apply in writing to the Secretary giving names 
and addresses of two referees and quoting 
reference 2262 by July 11, 1974. (2461) 
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Administrative 
Assistant 


County Environment Department 


The South Yorkshire County Council places great 
emphasis on the importance of the total environment 
and has established a separate Environment Depart- 
ment, headed by a Chief Officer. The Department is 
responsible for initiating and carrying into effect, in 
accordance with the Council’s overall corporate 
policies, active programmes for the improvement of 
the environment in South Yorkshire. 

Applications are invited for the following post in the 
Assessment Division of the Department 


ENVIRONMENTAL SCIENTIST £3,273 to £3,729 


The officer appointed will work within a multi- 
disciplinary team engaged on research and the formula- 
tion of the County Council’s Environment Policy. The 
team, in consultation with local and national authori- 
ties, will identify the causes and extent of environ- 
mental and ecological damage and advise the County 
Council on policies for remedial action and future 
protection. 

in particular, the officer will be responsible for the 
assessment of the natural environment of South York- 
shire and will recommend policies for the protection 
of areas of scientific importance in the County. He, or 
she, will be involved, within the corporate approach 
adopted by the Department, as a point of reference 
on planning application, protection and improvement 
schemes proposed by the Department. 

The post will be attractive to graduates in natural 
sciences with experience in assessment techniques and 
the management of the countryside, including areas 
requiring environmental protection or improvement 
and sites of ‘scientific interest. 

Please write or telephone for an application form, 
quoting Post Ref: V40 to the Chief Executive 
(Personnel), South Yorkshire County Council, Regent 
gaa Barnsley $70 2TN. Telephone Barnsley 86141 
xt. 13. 


Closing date for applications will be: 25 June 1974. 


South Yorkshire 
County Council 


The post is advertised after consultation with the Local Government 
Staff Commission and is not restricted to Local Authority staff, although 
other things being equal, preference will be given to Local Government 
Officers serving in England (excluding London) and Wales. (2463) 





UNIVERSITY OF LEEDS 
DEPARTMENT OF GENETICS 


A TECHNICIAN (GRADE 3) 


is required for assistance in research in the above 
department. Familiarity with chemical bio- 
chemical and/or microbiological techniques would 
be a decided advantage. Candidates should have 
at least 2 ‘A’ levels plus some ‘O’ levels plus 3 
years relevant experience, or comparable quali- 
fications. The work would not be inappropriate 
for graduates. Salary on the scale £1,650 to 
£1,920 per annum. Replies to Professor J, R. S. 
Fincham, Department of Genetics, University of 
Leeds, Leeds LS2 SIT. _ (2449) 


CHEMIST /BIOCHEMIST 


To take part in a study of bile Salt Metabolism 
in Diabetes and Thyroid Diseases. 

Project suitable for thesis. Training will be 
provided for techniques necessary for the project. 

Salary £1,900. 

Apply in writing to Dr. G. H. Tomkin, M.D., 
F.R.C.P.I., F.A.C.P., Dept. of Endocrinology, 
Dudley Road Hospital. Box 293, Birmineham 
Bis 7QH. Quote ref. 549/N. (2459) 





FELLOWSHIPS AND 
STUDENTSHIPS 





UNIVERSITY COLLEGE OF 
NORTH WALES, BANGOR 


SCHOOL OF PHYSICAL AND 
MOLECULAR SCIENCES 


POSTDOCTORAL RESEARCH 
FELLOWSHIP IN CHEMISTRY 


Applications are invited for an S.R.C. Post- 
doctoral Fellowship to work in collaboration 
with Professor C. J, M. Stirling on mechanistic 
studies of carbanions in solution, 

The salary will be in the range £2,118 % 
£2,247 per annum plus F.S.S.U., and the Fellow- 
ship will be tenable from October 1, 1974, eor 
such other date as may be arranged. 


Applications (two copies), giving details of 


. qualifications, * research experience, and thé 


names and addresses of two referees, should be 
sent as soor® as possible to the Secretary and 
Registrar, University College of North Wales, 
Bangor, from whom further details may be 
obtained. à (2348) 


THE UNIVERSITY OF MANCHESTER 
C.A.S.E. STUDENTSHIP IN 
CHEMICAL METALLURGY 


Applications are invited for an S.R.C. student- 
ship leading to the Ph.D. degree for work on 
the recovery and separation of metals by hydro- 
chlorination and hydropyrolysis reactiors. The 
work will be carried out in the Department of 
Metallurgy and in the Metals Extraction Divi- 
sion, Warren Spring Laboratory, D.TI. Ste- 
venage. Applicants should possess or expect to 
obtain a good honours degree or an M.Sc. in 
Metallurgy or Chemistry and have a strong 1n- 
terest in extractive metallurgy or physical 
inorganic chemistry. Conditions in accordance 
with S.R.C. regulations. Applications to Dr. R. 
A. J. Shelton, Department of Metallurgy, The 
University, Manchester, Mi3 9PL 12343) 





UNIVERSITY OF 
BIRMINGHAM 


Department of Pharmacolegy 
{Preclinical} and MRC 
Neuropharmacology Unit 


POSTGRADUATE RESEARCH 
STUDENTSHIPS 


Applications are invited for 2 re- 
search studentships supported by the 
Medical Research Council, com- 
mencing on 1 October 1974. The re- 
search work of the Department and 
Unit covers various aspects of the 
pharmacology of the central nervous 
system with special reference to the 
mode of action of drugs, and there 
are opportunities for learning new 
techniques such as microiontopho- 
resis, radiochemical assay and zonal 
centrifugation. 


Applicants should have a Ist or 
upper 2nd Class Honours degree in 
pharmacology, biochemistry, physio- 
logy or related biological subjects. 

Applications, in writing to: 

Professor P. B. Bradley, 

Dept. of Pharmacology 
(Preclinical), 

Medical School, 

Birmingham, 

B15 2TJ (2273) 





WESTFIELD COLLEGE 


(UNIVERSITY OF LONDON) 
DEPARTMENT OF BOTANY AND 
BIOCHEMISTRY 


S.R.C. CASE STUDENTSHIP 


For work on the effect of phosphorous concen- 
tration on competition between planktonic algae 
and on the interactions between phosphorus and 
other inorganic nutrients invoived in the 
eutrophication of surface waters. The work will 
be in collaboration with the Unilever Research 
Laboratory at Port Sunlight where the studerft 
will spend a minimum of one month per year 


N.E.R.C. RESEARCH STUDENTSHIP 


For work on “Water and ion movement in live 
Sphagnum and peat”. About 2% of the earth’s 
surface is covered by peat and the ecology of 
one of the major peat forming plants is to be 
studied. 

Both studentships are available from October 
1974. Applicants should have, or expect to 
obtain a Ist or upper 2nd class honours degree 
in a Biological Science, although consideration 
will be given to graduates in Physical or 
Chemical Science who have a keen interest in 
biological systems. 

Apply by July 15 to Mrs B. Thake (CASP: 
or Dr R. S. Clymo (NERC), Westfield College. 
Kidderpore Avenue, Hampstead, London, NW3 
TST. (2354) 





UNIVERSITY OF SOUTHAMPTON 
ELECTROCHEMICAL TECHNOLOGY 


> 

Applications are invited for Postdoctoral Fellow- 
ships and Postgraduate Studentships from suitably 
qualified scientists and engineers who wish to join 
a miultidisciplinary group working on long term 
studies of energy storage systems, metal recovery, 
novel chemical syntheses and pollution control. 

Further details are obtainable from Dr. R E. 
W. Jansson, Department of Chemistry. The Uni- 
versity, Southampton SO9 SNH. (2412) 
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ULSTER: 


THE NEW UNIVERSITY 


SCHOOL OF BIOLOGICAL AND 
ENVIRONMENTAL STUDIES 


RESEARCH STUDENTSHIPS IN LIMNOLOGY 


Applications are invited for two 


research 
Laboratory of The New University of Ulster. 


studentships tenable at the Limnology 


To study the initial stages of colonisation of a large artificial lake to be filled in 
the near future with storm water discharge from the new city of Craigavon, The 
study will have a management-orientated bias and will be primarily concerned with 


aspects of the physics, 


chemistry and biology of the open water. 


The grant is 


for two years and the candidate wil! be expected to register for the M.Phil. degree. 


To study the zooplankton of Lough Neagh with particular emphasis on grazing 
and re-cycling of nutrients. The successful candidate will be expected to contribute 
to the work of a small group comparing limnological conditions in Lough Neagh 
with those inside a large Lund-type butylite enclosure set in the lough, 


The grant is for three years and the candidate will be expected to register for a 


D.Phil. degree. 


Both grants, 
will be at Research Council rates. 


Application forms and Further Details should be obtained from The Registrar, 


financed by the Northern 


Ireland Department of the Environment, 


The 


New University of Ulster, Coleraine, Northern Ireland (quoting Ref: 74/82) to whom 


completed applications, 
returned not later than 5th July, 1974. 





THE UNIVERSITY OF SHEFFIELD 
DEPARTMENT OF CHEMISTRY 


Applications are invited for the following : 


1. POSTDOCTORAL RESEARCH FELLOW- 
SHIP for studies on chemical carcinogenesis. The 
appointee will join a team working on chemical 
and biochemical aspects of polycyclic aromatic 
hydrocarbon binding to DNA, ranging from syn- 
thetic and structural organic chemistry to tissue 
. culture, Candidates should hold (or except to 
gain) a Ph.D. in organic or biological chemistry 
and experience in nucleic acid chemistry is desir- 
able but not essential. The appointment is from 
October 1, 1974 or a date to be arranged until 
September 30,°1975 at a salary not less than 
£1,923 per annum plus F.S.S.U. 


2. AN S.R.C. (C.A.S.E.) STUDENTSHIP ‘for a 
project involving the synthesis of a novel group 
of heterocyclic compounds, These are designed to 
possess controlled chemical reactivity and potential 
herbicidal character. The work will be carried out 
in conjunction with I.C.I. Plant Protection 
Limited and part of the programme will be per- 
formed at their Jealott’s Hill Research Station. 
Applicants should have (or expect to obtain this 
summer) a good Honours degree or G.R.I.C. in 
chemistry and the successful will be expected to 
register for a Ph.D. 


Applications for, either of the above, including 
a curriculum vitae and names and addresses of 
two referees to: Dr. G. M. Blackburn, Depart- 
ment of Chemistry, The University, Sheffield S3 
7HF (from whom further information is available 
in respect of the Studentship). (2352) 


UNIVERSITY OF SOUTHAMPTON 


DEPARTMENT OF AERONAUTICS AND 
ASTRONAUTICS 


COMBUSTION HEAT TRANSFER 


Applications are invited for a Research Fellow 
at post-doctoral level to work on a Science 
Research Council sponsored continuing pro- 
‘gramme concerned with the measurement apd 
prediction of heat transfer from simulated com- 
bustion systems. The experimental programme 
utilises the department’s shock tube facilities and 
involves modern techniques for heat transfer 
measurement. 


The appointment, which requires relevant post- 
graduate experience, is for one year but may 
be extended until January 31, 1976. Salary will 
be in the range £1,929 to £3,048 (under review) 
plus F.S.S.U. benefits. 


Applications, giving details of age and rele- 
vant background and quoting the names of two 
referees, should be made to the Deputy Secre- 
tary’s Section, The University, Southampton SO9 
5NH, as soon as possible. Please quote reference 
number: Na/238/R. (2376) 


including the names and addresses of two referees, 


should be 
(2382) 


YORK UNIVERSITY 
POSTDOCTORAL FELLOWSHIP 


A Fellowship will be available in one of the 
following areas: 
1, Laboratory studies of small particles using 
laser techniques. 
2. Low temperature matrix 
troscopy. 
Applicants should have a strong experimental 
background in aerosol physics or chemistry, low 
temperature spectroscopy, or laser applications. 


isolation spec- 


Salary to $8,700 p.a. Contact Dr. W. W. 
Duley, Physics Department, York University, 
Toronto, Canada. (2367) 





UNIVERSITY OF SOUTHAMPTON 


RESEARCH STUDENTSHIP IN 
CRYOGENICS 


Applications are invited for a three-year 
Research Studentship sponsored by A.E.R.E., 
Harwell, to study the condensation behaviour of 
cryogenic fluids. A large cryogenic rig has been 
constructed at A.E.R.E. for this project. Con- 
densation studies will be confined, at first, to 
nitrogen, but will lead on to binary and multi- 
component fluids to mode! the condensation of 
LNG in large plant. Successful applicants will 
be required to register for a higher degree of 
the University. 

Applicants should have a 
Second Class degree 
Engineering, or 


First or Upper 
in’ Physics or Chemical 
equivalent qualification, and 
should write, together with the names of two 
referees, to the Academic Registrar, The 
University, Southampton SO9 5NH. (2379) 


RESEARCH STUDENTSHIPS 
BASIC AND MOLECULAR 
ANIMAL VIROLOGY 


INSTITUTE OF VIROLOGY, 
THE UNIVERSITY OF GLASGOW, 
GLASGOW 


Two further research studentships for British 
Nationals will be available from October 
for graduates with a first or at least an upper 
second class honours degree in a biological 
science who wish to work for a Ph.D. The 
Institute is well equipped, has a large scientific 
Staff and the current research programme covers 
the following fields: 
®Virus-specified nucleic acids and proteins; 
genetics and physiology of mammalian viruses; 
tumour virology; electron microscopy of cells, 
virnses and nucleic acids; genetic¢ of mammalian, 
cells, 

Applicants should send a cufriculum: vitae 
and the names and addresses of three academic 
referees to Professor J. H. Subak-Sharpe at the 
above address. 5 (2372) 


- type 


1974 ~ 


UNIVERSITY OF SOUTHAMPTON 
DEPARTMENT OF PHYSICS 


RESEARCH FELLOWSHIP 


Applications are invited for a Postdoctoral 
Research Fellowship in Theoretical Physics for 
an investigation of Gauge Symmetries in High 
Energy Physics. The precise experience of 
applicants is not crucial but familiarity with the 
study of symmetries in Elementary ‘Particle 
Physics is essential. The Fellowship is tenable for 
up to two years nine months from October 1, 
1974, and the initial salary will be on a range 
up to £2,223 plus F.S.S.U. benefits, Further par- 
ticulars may be obtained from Miss J. Hodgson, 
Department of Physics, and applications should 
be sent to Mr. D. A. S. Copland, Secretary and 
Registrar’s Department, The University, South- 
ampton SO9 5NH, to arrive by July 5, 1974. 
Please quote ref: Na237/R. (2377) 





UNIVERSITY OF LIVERPOOL 


DEPARTMENT OF DENTAL SCIENCES 

Applications are invited for a M.R.C. post- 
graduate studentship for work related to the 
combined effects of mechanical stress and the 
physiological environment on the performance of 
dental and surgical prosthetic materials. 

Candidates must possess a First or Upper 
Second Class Honours Degree in Materials 
Science or a related subject and the successful 
applicant will be expected to register for a 
higher degree. 

Applications, together with the names of two 
academic referees, should be received not later 
than July 5, 1974, by the Registrar, The Univer- 
sity, P.O. -Box 147, Liverpool L69 3BX. Quote 
reference RV/276064/N. (2385) 





THE UNIVERSITY OF MANCHESTER 
DEPARTMENT OF BOTANY 


Applications are invited for a Postdoctoral 
Fellowship established under a grant from Country 
Kitchen Foods Ltd., Churchill, Somerset, for 
pursuit of research on virus diseases of the culti- 
vated mushroom, as a continuation of work already 
in progress. The work will be undertaken, in close 
collaboration with Dr R. R. Frost, in the Crypto- 
gamic Botany Laboratories of the University. 
Appointment will be for one vear from October 1 
in the first instance, renewable for two further 
years. Salary £2,118 to £2,247 to £2,412 p.a. Par- 
ticulars and application forms (returnable by July 
1, 1974) from the Registrar, The University. Man- 
chester M13 9PL. Quote ref: 110/74/N. (2411) 





UNIVERSITY OF BRISTOL 
ORGANIC GEOCHEMISTRY UNIT 


POSTDOCTORAL RESEARCH 
FELLOWSHIP 


Applications are invited for a Postdoctoral 
Fellowship to work in collaboration with Professor 
G. Eglinton and Dr J. R. Maxwell on the lipid- 
constituents of recently-deposited aquatic 
sediments and their contributing organisms, with a 
view to understanding the distributions which 
characterise these sediments, the contributions to 
different sediments and the reactions which alter 
organic compounds in the sedimentary environment. 
The research will involve the use of the Unit's 
computerised gas chromatograph-mass spectrometer 
system. Previous experience in gas chromatography 
and mass spectrometry would be useful, though not 
essential. - . ; 

The appointment is for one year, and is avail- 
able from a date to be arranged with the successful 
applicant, at a salary of £2,118 minimum. | 

Applications, giving details of age, qualifications 
and experience. together with the names of three 
referees, should be sent by July 20, 1974. to 
Professor G. Eglinton, Organic Geochemistry Unit, 
School of Chemistry, University of Bristol, Bristol 
BS8 ITS, from whom further particulars may be 
obtained. (2425) 





UNIVERSITY OF NOTTINGHAM 
MEDICAL SCHOOL 


DEPARTMENT OF BIOCHEMISTRY 
RESEARCH STUDENTSHIP 


Applications are invited for a Research Student 
shiv available from October 1, 1974, in one of the 
following areas: structural studies on cytochrome 
oxidase: control of ketone body metabolism: effects 
of drugs and hormones on glvceride biosynthesis. 
Where appropriate, research will involve collabora- 
tion with cliniotans. 

Candidates should hold, or expect to graduate 
this summer with, a Ist or upper 2nd class Honours 
degree in an aporopriate discipline. 

Applications should be sent as soon as possible 
to Dr Dils, Department of Biochemistry. The 
Medical School. University of Nottingham. Notting- 
ham NG7 2RD. For further details telenhone 
0602 56101, ext. 3229. (2410) 
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AUSTRALIAN NATIONAL 
UNIVERSITY 


Applications are invited for the following: 
RESEARCH SCHOOL OF CHEMISTRY 


RESEARCH FELLOWS: 


Appointments will be for two of three years 
‘beginning in 1975, and may be made in the 
following areas: 

Organic Chemistry: (Professor A. J. Birch, Mr. 
R. W. Rickards. Dr. J. K. MacLeod): Structure 
determination and biosynthesis of natural products, 
including antibiotics and other biologicully-active 
compounds, mould metabolites, and plant and 
marine products; insect chemistry; total synthesis 
involving new reactions, organic aspects of or- 
ganometallic chemistry; mechanisms and results of 
metal-ammonia and related reductions, 

Inorganic Chemistry: (Professor R. L. Martin, Dr. 
A Sargeson, Dr. . A. Buckingham, Dr. 
M. A. Bennett): Synthesis, structure, and reaction 
mechanisms of a wide range of transition metal 


complexes, Current interests involve substitution 
mechanisms at metal jon centres, reactions of 
coordinated figands. strategy and stereospecificity 


in synthesis and quantitative conformational analy- 
sis. Interests in inorganic biochemistry include 
sulphur chelates, iron and ruthenium porphyrins 
iron transport chelates and the metal promoted 
synthesis and hydrolysis of small peptides and 
related substrates. Organometallic complexes, es- 
pecially those of olefins. carbon monoxide tertiary 
phosphines and unstable organic molecules such 
as cyclic acetylencs. Electronic and magnetic pro- 
pertics of paramagnetic materials. 

Phys‘cnl and Theoretical Chemistry: (Professor 
D. P. Craig, Dr. J. Ferguson, Dr. R. Bramicy): 
Electronic spectroscopy, especially of crystalline 
solids, U.V. spectroscopy and photochemistry 
especially of molecular crystals and small aggre- 
gates. Transition metal ion spectroscopy, ion pair 
interactions, exchange effects and magnetic circular 
dichroism. Intermolecular forces. Electronic pro- 
perties of molecular crystals. Magnetic resonance 
spectroscopy, particularly EPR of photo-excited 
triplets in molecular crystals. 


X-Ray Crystallography: (Dr. G. B. Robertson): 
Structural chemistry of organometallic, inorganic 
and biologically active organic molecules (with 
present emphasis on organometallics). Improved 
methods in X-ray diffraction analysis. 


Mass Spectrometry: (Dr. J. K. MacLeod): Isotope 
labelling and metastable studies of specific frag- 
mentation processes, combined g.c.-m.s. analyses 
of biological mixtures. Ton Cyclotron Resonance 
spectrometry involving studies of gas phase ion- 
molecule reactions to investigate their structures: 
reactivities and thermodynamic properties. 
Analytical Chemistry: (Miss B. J. Stevenson): 
Micro and submicro metal and anion analyses. 
The School is non-departmental and is well 
equipped to contemporary standards, especially in 
optical NMR and EPR spectroscopy. mass spec- 
trometry, X-ray, crystallography and cryogenics, 
There are comprehensive workshop facilities. In 
computing there is access to the School PDP 1] 
and the University Univac 1108 systerns. 

There is no application form Aovplicants for these 
posts should supply a curriculum vitae. list of 
publications, a statement of research interest, to- 
gether with two passport-sized photographs and 
the names and addresses of three academic referees, 
4 Pai Serine ee ee Australian 
ationa niversity. P.O. Box 4, ‘TTA, j 
2600. Australia. : DONA 
Closing Date: 15 July 1974. 


SALAR'FS: Salaries on appointment to the posts 
will be in ee with qualifications and ex- 
perience within the ranges: Research Fellow 
$A8696-$11901 p.a. Current exchange rates are 
approximately $AI:67NP : $US1.49. 

OTHER CONDITIONS: Tenure: Research Fellow 
normally for three years in the first instance with 
the possibility of extension to a maximum of 
five years. 

Reasonable trave] expenses are paid and assistance 
with housine is provided for an appointee from 
patie canoer. superannuation (where applic- 
able) is on the ` atter Í 2 
oa pattern with supplementary 
The University reserves the right not to make an 
appointment or to make an appointment by invi- 
tation at any time. 

Prospective applicants for the post in the Urban 
Research Unit should write to the Association of 
Commonwealth Universities (Appts). 36 Gordon 
Sauare. London WCIH OPF for further particu- 
lars before applying. (2445) 


— a a 


POSTDOCTORAL FELLOWSHIP IN 
MATHEMATICS /ECOLOGY 


_ A Mathematician is required to assist in develop- 
ing theoretical models of ecological svstems and 
testing them against experimental data. No previous 
exnerience in biology is required. The fellawship 
will be tenable for one year and the initial salary 
will be £2,280. Enquiries should be addressed ta: 
Dr P. T. Saunders. Department of Mathematics, 
Queen Elizaheth College (University of London), 
Campden Hill Road. Kensington, London W8 JAH. 
(2432) 


THE UNIVERSITY OF THE 
WEST INDIES 
TRINIDAD 


Applications are invited for the post of 
RESEARCH FELLOW/JUNIOR RESEARCH 
FELLOW (ANIMAL NUTRITION CHEMIST), 
DEPARTMENT OF LIVESTOCK SCIENCE. 
Applicants should be graduates in Animal Science 
or Agricultural Science (with a major in Animal 
Science) with postgraduate qualifications in the 
nutrition of livestock; an interest in the nutrition 
of mnon-ruminant animals is desirable. Salary 
Scales: Research. Fellow: T1$12,612-TT$20,316 
p.a. Junior Research Fellow: TT$10,200-TTSI1,232 
p.a. (Èl sterling = TT$4.8). FSSU Unfurnished 
accommodation for a maximum of three years 
will be let by the University at 10% of salary 
thereafter 20% of salary is payable in Heu of 
housing. Family passages Triennial Study leave. 
Detailed applications (six copies) including a cur- 
riculum vitae, and naming three referees should 
be sent to the Secretary, University of the West 
Indies, St. Augustine, Trinidad. Further particu- 
lars for these posts will be sent to all macy 





UNIVERSITY OF BIRMINGHAM 
DEPARTMENT OF GEOLOGY 


Applications for a Research Fellowship are in- 
vied from candidates with interests in Carbonate 
Sedimentology and preferably also in Geochemistry 
and/or ultra-structures. Appointment to date from 
October 1, 1974. 

Salary: £1,929 to £2,223 (under review) F.S.S.U. 

Further particulars, including information about 
advanced research facilities, from Assistant Registrar 
(S). University of Birmingham, P.O. Box 363, 
Birmingham BiS ZTT. to whom applications G 
copies) with names of three referees should be 
submitted by July 15, 1974, Please quote reference: 
NXZ. (2406) 


UNIVERSITY OF SUSSEN 
SCHOOL OF BIOLOGICAL SCIENCES 
BIOCHEMISTRY GROUP 
RESEARCH STUDENTSHIP 


Applications are invited for an SRC post- 
graduate research studentship for studies on 
the mechanism of hormone action. Invesit- 
gations into protein hormonc-membrane 
receptor interaction and adenylate cyclase 
involvement in hormonal control proccsses 
are contemplated. 

Applicants are expected to have a first 
or upper second class honours degree in 
Biochemistry or a related field. 

Applicants with brief Curriculum Vitec 
and names of two referees to Secretary of 
Science, Science Office (E), University of 


Sussex, Falmer, BRIGHTON BNI 9RH 
(2456) 





UNIVERSITY OF ABERDEEN 
DEPARTMENT OF ENGINEERING 
S.R.C. RESEARCH STUDENTSHIPS 


Applications are invited from graduuics with 
good honours degrees in engineering, physics. 
mathematics or geology for a few Reseurch 
Studentships. Research groups within the depart- 
ment include those relating to linear electric 
motors (Professor J. F. Eastham), electronics and 
control, electro-chemical forming of metal, en- 
gineering dynamics, fluid mechanics, geotechnics 
including ground anchors and mining subsidence 
and structures. Further particulars may be 
obtained from the Head of Department 
{Professor T. M. Chariton, Engineering Depart- 
ment, University of Aberdeen, Marischal College, 
Aberdeen ABS JAS}. and upplicationy must be 
complete by mid-July. (2455) 





LECTURES AND COURSES 


KINGSTON 
POLYTECHNIC 





Graduate Membership of the Royal Institute of Chemistry 


A one-year full-time course with next intake in September 1974. Kingston 
Polytechnic acts on behalf of the R.I.C. as the administrative college for the 
Part I! examination in the Group 10 region. 


Enquiries are invited from suitably qualified candidates (Grad. R.I.C. Pr. | 


or B.Sc.). 


MSc (CNAA) In Molecular Spectroscopy 


A two-year part-time postgraduate course in chemical spectroscopy with 


next intake in September 1974. 


First year: lectures, tutorials and practical work in the methods of molecular 
spectroscopy. Second year: computer work and a research project. 


One whole day per week. 


Further particulars from the Secretary, School of Chemical and Physical 
Sciences, Kingston Polytechnic, Penrhyn Road, Kingston upon Thames KTI 


2EE. 01-549 1366. 


(2359) 








A BAT-SHEVA SEMINAR 


on ‘“‘ The interaction of Art and Science ”’ 


will be held in JERUSALEM, NOVEMBER 3 to 14, 1974 


Sponsored by the B. de Rothschild Foundation for the 
Advancement of Science in Israel 


Lecturers: J. Benthall, V. Bonacic, A. A. Buzzatti-Traverso, H. W. Franke, G. Kepes, 
A. A. Moles, A. M. Noll, W. Sandberg, J. J. Sweeney, several local lecturers. 


Topics: Interaction and trends in art and science. Computer in graphics and design: 
Trends in computer art (audio, visual, tactile); A new language in art: Annlicabilits 
of theories to computer art; Computer as a creative partner; The sociology of 
science and art; Aesthetics of the urban environment and problems of civic art. 


The seminar is intended for researche workers and advanced students. 
Early registration (by Sept. 30, 1974) is desirable; applicants will receive background 
+ 


and preparatory material. 


Please write, with brief Curriculun® Vitae. to: Dr. Vladimir Bonacic, Art and Science, 
Bezalel, Academy of Arts and Design, 10 Sh. Hanagid St. Jerusalem, Israel 


° Preliminary information 


April 1974 


(2440) 


Taaa sane aassmeeseatemeneee Tg 





CHELSEA COLLEGE 


UNIVERSITY OF LONDON 
DEPARTMENT OF PHYSIOLOGY 


POST-EXPERIENCE COURSE IN 
IMMUNOLOGY 


Principal Lecturers: Profs. J. G. Feinberg and 
I, M. Roitt. 

The course is designed for graduates and sénior 
laboratory staff interested in acquiring a broad 
background in Immunology, It will be conducted 
on Monday evenings during the three terms of 
the 1974-75 academic year, beginning on October 
7, 1974. A certificate of completion wil] be 
issued to students who elect to sit and successfully 
pass a final examination. 


For further information and prospectus apply 
to The Secretary, Department of Physiology, 
Chelsea College, Manresa Road, London SW3 
6LX. (2466) 





GRANTS | 





THE ROYAL SOCIETY 
GOVERNMENT GRANT FOR 
SCIENTIFIC INVESTIGATIONS 


Applicatians for grants from the second allot- 
ment of the Government Grant for Scientific 
Investigations for. the year 1974 should be made 
as soon as possible on forms of application to 
be obtained from the Executive Secretary of 
the Royal Society, 6 Carlton House Terrace, 
London, SWIY SAG. No application can be 
ot ei which is received later than July 31, 
Applicants must be of British nationality, 
resident in Great Britain or Northern Ireland. 
Grants may be made for purposes in connexion 
with the promotion and support of research in 
pure science other than for personal maintenance 
or payment of stipends; for the assistance of 
scientific expeditions and collections; but not in 
aid of scientific publications. (2366) 





THE NATIONAL 
* KIDNEY RESEARCH FUND 


invites applications for grants for renal research 
at units within the United Kingdom, Application 
forms are available from The Secretary, 184B 
Station Road, Harrow, Middlesex HAIL 2RH 
(01-863 4460). Completed applications will be 
required by July 31, 1974. (2454) 





FOR SALE AND WANTED 


Always wanted: 


BACK RUNS OF JOURNALS 
IN SCIENCE AND THE HUMANITIES 


WM. DAWSON & SONS LTD. 
Back Issues Department, 


Cannon House, Park Farm Road, 
Folkestone, Kent, England. 
Tel.: Folkestone 57421. (1) 





MISCELLANEOUS 





SCANNING ELECTRON 
MICROSCOPY 


Complete service offered for examination of 
biological and fibrous materials, including specimen 
preparation and photography. For further jinforma- 
tion write Box No. 2441, Nature, T. G. Scott & 
Son Ltd., Clement’s Inn, London WC2A 2ED, 

(2441) 





MEETING 





NUDE MICE—THEIR HUSBANDRY 
AND USE 


An informal one-day meeting on the husbandry 
and use of the Nude mouse will be held at the 
Medical Research Council, Laboratory Animals 
Centre, Woodmansterne Road, Carshalton, Surrey, 
SM5 4EF (Tei: 01 643 8000) on Tuesday, July 
16, 1974. Applications to attend this meeting (or 
which there will be no charge) are invited from 
interested research workers. Numbers will be 


restricted to a total of 40 people. Copies of the. 


programme are available from Dr. M. Festing 
at the above address. : (236 
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Vih International Biophysics Congress 1979 


COPENHAGEN, AUGUST 4-9, 1975 


The Vth International Biophysics Congress will be held in Copenhagen from August 
4 to 9, 1975. The opening and closing plenary sesstons will be concerned with: 


1. Secretory epithelia and the active transport of ions; 
2. Electrical and chemical excitation. À 
The scientific programme will also include symposia organised by the Union’s Special 
and Affiliated Commissions on 
The role of proteins in membranes; 
Ionic channels, ionophores, and noise in membranes; 
The dynamics of macromolecules; 
Spectroscopic methods and biological structure; 
Cell injury and repair processes; 
Fundamental studies with light and other types of radiation; 
The assembly and structure of membranes; 
Bioenergetics; 
Contractile systems; 
. Structural characteristics and rheology of biological membranes. 
On two evenings there will be symposia in memory of Aharon Katchalisky. 
Contributed communications will be presented at Poster Sessions. 


Nr Seenausy 


ph poak reed 


In connection with the Congress an exhibition of scientific instruments will be arranged. 
Interested manufacturers should apply to the Congress Secretariat. 
Those wishing to attend the Congress should apply for pre-registration forms to: 
Vth International Biophysics Congress 
c/o DIS Congress Service 
3 Knabrostraede 
DK 1210 Copenhagen K 
Denmark 
The deadline for pre-registration is August 15, 1974. Since the number of hotel rooms 
available in Copenhagen is limited, late applicants may have to find their own 
‘accommedation. - 
The number of participants will be limited to 2,300 active participants, 200 students 
and 500 accompanying family members. Priority will be given to persons who have first 
sent in the pre-registration form and fee. 


INTERNATIONAL UNION FOR PURE AND APPLIED a re 





ORDER FORM NATURE 





To: CLASSIFIED ADVERTISEMENT DEPT., NATURE, 


T. G. SCOTT & SON LTD, 1 CLEMENT'S INN, 
LONDON WC2A 2ED. 


Please include the following advertisement in normal/display style 
setting (......* mm) for......... *insertions under the heading 


* 


sss OREO Hh Hee TEE eKn ete eee esa seem oawsetetecaeeawesetaneaneesseeseacseevageeaenraseeaesesesevese 


If display style is wanted, please state required depth of 


advertisement. 26 mm, 52 mm, 78 mm, etc. 


ds, 


Write or stick your advertisement in this box. 





PLEASE STATE CLEARLY WHETHER NAME AND ADDRESS OR A 
, BOX NO. ARE TO APPEAR. 


a 


lines/mm at......... rate (plus Box No. at 30p if required) making 


soe eone 


total cost of £..........4%. Š 
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MEASURING 
SOLAR 
RADIATION ? 


Then our range of instruments 
will interest you. 


Solarimeter. 

Actinometer. 

Pygeometer (long wave). 
Nett Radiometer. 
Underwater Nett Radiometer. 
Solari-Albedometer. 
Reversing Albedometer. 
Miniature Nett Radiometer. | 
Thermo Electric Flow Probe 
for low flows. 

Soil Heat Flux Plate. 
Stiletto Heat Flux Plate. 


Pre-calibrated elements, and sensors avail- 
able. Maintenance Service by air mail 
parts exchange. 


We invite your enquiries. 


SOLAR RADIATION INSTRUMENTS 
21 ROSE STREET, ALTONA, VICTORIA 
AUSTRALIA .. . 3018 
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Research 
without 
the use of 


LIVING 
animals 





Funds are urgently needed for equipping Tissue Culture 
laboratories and to sponsor scientists working on 
methods of orthodox medical research, especially 
Arthritis, without experimenting on living animals. 


Further details on request. 
Please send donations to: 


The Dr. Hadwen Trust 


for Humane Research, 


47 Whitehall, London SWIA 2BZ : 
Tel: 01-930 7698 ° ° 
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A SHARP IMAG 
FREE OFS, 


Zeiss pocket magnifiers 
come in three sizes: 
Single lens x 6 
Single lens x 10 £8.75 
Double lens x 3x 6 

(and thus x 9) £11.50 


Made by Carl Zeiss of West 
Germany, these invaluable magnifiers are 

used in science, industry, medicine, map-reading, 
philately, electronics, geology, 
nature study etc etc alj over the 
world, Beautifully made and 
remarkable value. 

Prices include VAT 

and postage. 














Y 






Mi: 


~. send cheque or PO, or 
4 ask fora leaflet, to 

} Carl Zeiss (Oberkochen) 
itd Degenhardt House 
31-36 Foley Street, 
London WIP BAP 
1-636 8050 (15 lines) 


EENG Pocket MAGNIFIERS 


Rha Mics 


A ceatbanan er len ~ i 


Studies in History 
and Philosophy 
of Science 


Studies in History and Philosophy of Science is a 
quarterly journal which analyses the genesis, evolu- 
tion and logic of scientific thought. It attempts to unite 
historical and philosophica: approaches to science 












Recent papers include: 
Maxwell’s Methodology and his application of it to 
Electromagnetism, A. P. Chalmers. The Astronomy of 
Eudoxus: Geometry or Physics?, Larry Wright. 
Conceptual Structures and Scientific Change, Garry 
Gutting. Whewell’s Theory of Scientific Language, 
Morton L. Schagrin. Speculation in Physics: The 
theory and practice of Naturphilosophie, Barry Gower 
Feyerabend and Galileo: the interaction of theories, 
and the reinterpretation of experience, Peter K. 
Machamer. Edited by Gerd Buchdahl. Reader in 
History and Philosophy of Science, University of 
Cambridge and Professor L. L. Laudan, Chairman, 
History and Philosophy of Science, University of 
Pittsburgh. Published by Macmillan Journals Limited. 



















Annual Subsaription £8.50 (£9.50 U.S.A. and Canada). 
Prices applicable only to, orders starting before 31st 
December, 1974. Payment may be made in any 
currency at the current exchange rate. Orders must be 
accompanied by remittance. Cheques should be made 
payable to: Macmillan Journals Limited, Subscription 
Department, Brunel Road, Basingstoke, Hampshire 
RG21 2X8, England. 
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“4 Our 1974 Enzyme Catalog contains some pretty heavy 
/ reading—important reading. That’s why we’re making this 
lighthearted (but serious) offer to you: a new 1974 Enzyme 
Catalog. Great, you say, but what’s in it for me? Lots. You. - 
get over 150 enzymes listed, both usual and unusual. To save 
your time, the brief, yet complete descriptions are included 








` 


ms with method and units of assay and up-to-date references. The 
ARS fast-finding groupings list enzymes both alphabetically and by 

He oy , E _ “aa type. We've lightened the burden of finding just what you want! 
i * uy N = , One more thing: You’ll be kept up-to-date on new enzyme list- 
\ Mpa oe “\. ings as they are developed and made available. This service 
reas j P : rat i is provided on a periodic basis for all those on our mail- 


‘s,. ing list. A request from you is all we need to make 
pi this offer complete. Call or write: 


wW, 
No, “ 
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Miles Laboratories, Inc. 
Elkhart, Ind. 46514 
Phone: 219-264-8804 


Miles Laboratories Ltd. 

Post Office Box 37, Stoke Poges 
Slough England SL 2 4 LY 
Phone: Farnham Common 2151 


Miles Yeda Ltd. 
Post Office Box 1122 
Kiryat Weizmann, 
Rehovot, Israel 
Phone: (03) 95-29-22 








p ous i = # g i wer “= + ion SS a PAE : 
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-'H(N)] 


370 Curies/ mmole 


*base [8- oH deoxyribose (5'-3H] 





joins our family of Highest Specific Activity Deoxyribonucleotides 


Deoxyribonucleotides [°H] 


Deoxyadenosine 5’-triphosphate, tetrasodium 
salt FH(G)] 
NET-268 10-20Ci/mmole available from stock 


Deoxycytidine 5’-triphosphate, tetrasodium 
salt [5-7H] 
NET-369 15-30Ci/mmole available from stock 


Deoxyguanosine 5’-triphosphate, tetrasodium 
salt [8,5’-°H(N)] 
_ NET-448 25-40Ci/mmole available from stock 


Deoxyguanosine 5’-triphosphate, tetrasodium 
salt [8-7H(N)] 
NET-429 5-15Ci/mmole available from stock 


Deoxythymidine 5‘-triphosphate, tetrasodium 
salt [methyl-7H] 
NET-221H 10-20Ci/mmole available from stock 


Deoxythymidine 5'-triphosphate, tetrasodium 
salt [(methyl-7H] 
NET-221X 40-60Ci/mmole available from stock 


Deoxyribonucleotides [ a -”P] 


Deoxyadenosine 5’-triphosphate, tetra (triethyl- 

ammonium) salt [a-32P] 

NEG-012 2-20Ci/mmole available from stock 

NEG-012X 50-150Ci/mmole available on regular 
schedule 


Deoxycytidine 5'-triphosphate, tetra (triethyl- 

ammonium) salt [a-*?P ] 

NEG-013 2-20Ci/mmole available from stock 

NEG-013X 50-150Ci/mmoie available on regular 
schedule 


Deoxyguanosine 5’-triphosphate, tetra (triethyl- 

ammonium) salt [a-7?P] 

NEG-014 2-20Ci/mmole available from stock 

NEG-014X 50-150Ci/mmole available on regular 
schedule 

Deoxythymidine 5’-triphosphate, tetra (triethyl- 

ammonium) salt [a-°?P] 

NEG-005 2-20Ci/mmole available from stock 

NEG-005X 50-150Ci/mmole available on regular 
schedule 


Call Customer Service for complete ordering information. 





New England Nuclear 


675 Albany Street, Boston, Massachusetts 02118 


Cestomer Service 617-482-9595 


Canada: NEN Canada Ltd., Dorval, Quebec, H9P-1B3, fel: (514) 636-4971, Telex: 05-821808 
Europe: NEN Chemicals GmbH, D6072 Dreieichenhain, Siemensstrasse 1, W. Germany. Tel: Langen (06103) 85035 
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Power to the People. For an energy 
review, including articles on wave 
power, tidal power and North Sea oil, 
and accounts of the ways in which 
various countries are reacting to the 
energy crisis, see page 697, Praning 
by Ray Hyden. 
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Mouse Theta Antisera 


C3H anti AKR, AKR anti C3H 
CBA anti AKR, AKR anti CBA * 





Cultured Human 
Lymphocytes 


Available viable or frozen 





Virus Products 


Encephalomyocarditis virus and 
Sendai Fusion virus available 





Rabbit Globin 
Messenger RNA 





Ribonuclease 
Inhibitor 


Derived from rat liver 
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Guide to authors 


Nature accepts three types of 
communications: 


@ Articles are up to 3,000 words in 
length with at most six figures and may 
either be reports of major research 
developments in a subject or broader 
reviews of progress. 


@ Letters are brief reports of 
research of unusual and wide interest, 
not in general Jonger than 1,000 
words; at most they have three or four 
figures. 


@ ‘Matters Arising’ permits 
occasional] short discussion of papers 
that have previously appeared in 
Nature. A limit of 350 words is 
placed on contributions in this 
category. 


Manuscripts may be submitted either 
to London or Washington. Three 
typed copies should be submitted, each 
including lettered copies of figures. 
Typing (including references) should be 
double spaced. The title should be 
brief and informative. Pages should 
be numbered. References, tables and 
figure legends should start on separate 
pages. Experimental detail vital to the 
paper yet which would interrupt the 
narrative is best placed in the figure 
legends. Units should conform to the 
Systéme International. Greek 
characters should be identified in the 
margin on their first appearance. 
Equations should occupy single lines 
if possible. exp (a) is preferred to e° 
if ‘a’ is more than one character. 
Arise should be accompanied by an 
abstract of not more than fifty words, 
and the abstract should list the main 
conclusions that are drawn. 


References are indicated by super- 
scripts in the text. The style may be 
gleaned from any contemporary Nature 
with the following two changes: 


(i) If it is necessary to refer to several 
references by the same author at once, 
only one reference number need be 
given. 


(it) The last page as well as the first 
of any reference should be cited. 


Abbreviations should follow the 
World List of Scientific Periodicals, 
fourth ed. (Butterworth, 1963-65). 
‘Personal communication’ and ‘unpub- 
lished work’ should be incorporated in 
the text. 


Artwork should be sent with the 
manuscript. All artwork should be 
marked with the author’s name. Line 
drawings should preferably be in 
Indian ink on heavy cartridge paper, 
although other materials are accept- 
able; thin, shiny, folded, torn or 
heavily handled material should be 
avoided. Matt rather than glossy 
photographs are preferred. Figures are 
usually reduced to one column width. 
The originals should be about as wide as 
a page of Nature. Figures, particularly 
maps, should contain nothing but 
essential material. It is preferred that 
the original be unlabelled, but with a 
copy containing lettering. Labelling 
on photographs should if possible be 
avoided entirely. 


A fuller guide appeared in Nature 
(246, 238; 1973). 
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Rising tide of eae 
energy nationalism E 


THis issue of Nature is devoted largely to energy 
questions as seen by the scientist, from the whisky 
distillery in Scotland to! the cattle dung plants of 
agricultural India. We cannot claim to be comprehensive 
in our coverage, but since it is not entirely unfashionable 
these days to devote large’ portions of journals to energy 
considerations it is unlikély that by half way through 
1974 anyone who reads at, all could claim that he lacked 
adequate briefing on almost any aspect of the energy 
situation. And yet it may be that although one can 
emerge convinced that there are large numbers of 
competent people in many countries exploring every 
avenue and leaving no stone unturned, there is still some- 
thing naggingly wrong with the utterances of policy 
makers. “Self sufficiency, by the 1980s”, “indigenous 
resources”, “national energy research strategies”. Is not 
this talk the distant rumblings of a nationalism in science 
and technology that could make energy as isolated a 
field to work in as defence? 

For some time, of course, marketing of energy has 
fostered nationalism through the possibilities of economic 
warfare, and the events of last winter must presumably 
be called an energy skirmish if nothing else. It is 
inevitable that countries which have traditionally disliked 
each other will now use, energy as a weapon with no 
more hesitation than they have used blockades in the: 
past. That is hardly a: matter for debate. What is 
debatable is whether the remarkable nationalism that 
the energy crisis has engendered even amongst allies can 
do anything but harm to world order, and lead to tensions 
where previously there were none, and unnecessary 
duplication of sc “where previously there was 
collaboration. 

The disturbing thing for a scientist is not just that the 
possession of energy should be viewed in a national 
framework but that research itself into all aspects of 
energy should also be seen as too exclusively a national 
property. For instance, is it rational to talk of a 
programme to make the United States independent of 
the external world in energy matters when it shares 
thousands of miles of frontier, one common language 
and many similarities in life-style with Canada? Is the 
great nuclear reactor debate in Britain one which is too 
polarised into Britain against the United States. Is it 
further, one which should have been conducted at an 
international, or at least, a European level? If brain 
power as well as energy were regarded as a valuable 
resource the answer to all these questions would Be yes. 
The giant oil companies have been an interesting example 
of supranational research and development; it would be 
unfortunate if with the decline in their influence this 
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mode of operation were to be lost entirely, when it could 
with profit be used as a model for others. 
If narrow interests restricted by geographical frontiers 


Ae are to be overcome it is urgently necessary that inter- 
a ‘national initiatives be pursued with great vigour. For 
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as energy research projects for such matters of 


this reason a proposal of Lord Robens on page 699 is 
> worthy of attention. He suggests the formation of inter- 


ommon interest as solar energy. It is only around fairly 
specific objects that international research collaboration 
is likely to gel, and this as much as anything may be the 
reason the scientific community has been almost silent 
on the Kissinger initiative to internationalise energy 
concerns. 

Solar energy would be an ideal project if only because 
of its world-wide applicability. As Dr Brinkworfh points 
out on page 729, research and development in solar 
energy could also be seen as a means of giving aid to 
developing countries. What is more, the equipment need 
not be so complex that it is impossible to build and 
operate except in high technology societies. This too 1s 
a subtle consequence of too much national research 
policy; that the device only works when its maker is 
on hand and consequently it proves impossible to export. 
Further, if the work is removed to a government 
laboratory the economic need for an exportable product 
may be less to the fore and the formal obstacles to 
international collaboration much more extensive. 

The dangers of nationalism in energy research are 
great. The antidote to them is not to be found in 
international committees of bureaucrats but in grass 
roots action by scientists themselves working across 
frontiers. 


100 years ago 





Proposed Issue of Daily Weather Charts of Europe 
and the North Atlantic 


I wave the honour to inform you that Capt. Hoffmeyer, 
Director of the Royal Meteorological Institute of Copenhagen, 
has sent me a circular announcing his intention to publish daily 
charts of the weather for the district from 60° E. to 60° W, long. 
and from 30° to 75° N. lat. The charts for the three months— 
Dec, 1873-Feb. 1874—will be published as an experiment. 

The cost will be four francs per month, exclusive of postal 
charges. 

Capt. Hoffmeyer states that he can only deal with central 
offices, and has requested me to undertake these islands as regards 
the distribution of the charts. I have therefore to announce that 
I have been instructed by the committee to subscribe for twenty- 
five copies of these charts, and I shall be happy to supply copies 
for the three months to any* gentleman, at the cost of ris. to 
cover carriage from Copenhagen, and postage from London to 
his address. Rosertr H. Scorr, Director 

Meteorological Office, June 22 





irom Nature, 10, 146, June 25, 1875. 
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Miranda Robertson discusses the 
contribution that the Fermi National 
Accelerator Laboratory (pictured at 
bottom) is making to high energy 
physics, 


THE: dedication last month of the 
National Accelerator Laboratory 
(FNAL) to Enrico Fermi was a tribute 
to the man and an acknowledge- 
ment of the traditional link between 
the Chicago laboratory which saw 
the first nuclear chain reaction and 
the laboratory at Batavia, 35 miles west 
of Chicago, which now houses Fermi’s 
original Chicago cyclotron (demoted to 
muon focussing) as well as the world’s 
most powerful proton accelerator. 

But historical links apart, the labor- 
atory must stand as a monument to 
its director Robert Wilson, one of 
many ex-colleagues or students of 
Fermi now working at Batavia. When 
he agreed in 1967 to undertake the task 
of constructing the machine, Wilson 
brought to an already controversial 
project not only the experience he had 
gained in building the Cornell acceler- 
ator, but his own controversial 
approach—a latter-day, $250-million 
version of the sealing-wax-and-string 
tradition combined with a willingness to 
take a venture on the chance of greater 
dividends. 





Robert Wilson: controversial 





The commitment of funds to so ex- 
pensive a project was a problem from 
the start. Wilson’s achievement has 
been to do more than was planned with 
less than was hoped: to build a 500- 
GeV accelerator instead of a 200-GeV 
one with an initial commitment of 
$250 million instead of $350 million. 
A second source of early contention 
was the siting in America’s middle 
West of what was to be an important 
international research centre. The geo- 
desic dome of the bubble-chamber 
assembly building, the curved and cor- 
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rugated roof of the meson area, and 
the main building with its trapezoid 
tower and ground floor forest are all 
part of a conscious attempt to mitigate 
the otherwise somewhat featureless 


‘Illinois landscape and avoid the stan- 


dard laboratory concrete block. 
Wilson’s brave innovations have 
created problems of their own. One of 
the least of these is the leaky roof of 
the meson building, actually made of 
sections of sewer; what is adequate to 
contain sewage, it turns out, is not 
adequate to withstand wind and rain. 
More serious problems connected with 
the functioning of the machine itself 
are candidly documented by Wilson in 
a recent article (Scient. Amer., 230, 72; 
1974) tracing the progress of the pro- 
ject from its inception until pretty well 
the moment that the article went to 
press, when the situation. was still 
changing. At that time, infuriatingly 
for the scientific community, the 
proton beam was only operational for 
about half the time. Moreover, opera- 
tion at more than 300 GeV threatened 
to become a source of grievance to the 
local community by causing a 1% volt- 
age drop in the Commonwealth Edison 
power lines which feed the machine. 
By the time of the dedication, how- 
ever, the voltage drop had been reduced 
to within an acceptable 0.5% by means 
of further capacitors and the acceler- 
ator was running at 485 GeV. Better 
still, it is now operational most of the 
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The geodesic dome at FNAL: red, 

white and blue fibreglass panels containing 
120,000 ‘beverage cans’ donated by 

the public. 


time and the beam intensity has shifted 
up from 6X10" to 1x10" protons per 
pulse close to the goal of 5X10”. 

Not that either the teething troubles 
of the laboratory or its tradition of bold 
innovation are now at an end. Within 
days of the dedication ceremony, a new 
transformer inexplicably failed, setting 
the machine back to an upper energy 
limit of 300 GeV for most of the sum- 
mer. On the other hand, a project bud- 
geted at between $4 million and $9 
million is under way to test the feasi- 
bility of doubling the beam energy yet 
again. Wilson’s path to the tera 
electron volt would be through super- 
conducting magnets (more new tech- 
nology), possibly housed within the 
existing tunnel (more penny saving). So 
far, because of the technical uncertain- 
ties, plans extend only as far as a proto- 
doubler, to be inserted into a small 
section of the ring through which part 
of the beam could be run. Experience 
with the protodoubler should make it 
possible to gauge the problems of 
construction, refrigeration and instal- 
lation of the superconducting magnets, 
as well as the possible damaging effects 
of radiation. 

Superconducting magnets also enter 
into plans, still awaiting proton beams 
and one electron beam approval, for 
three intersecting storage rings to con- 
tain two, and known as POPAE: pro- 
tons on protons and electrons. But 
meanwhile, important new phenomena 
in high energy physics are emerging at 
an alarming rate from other labor- 
atories, in particular CERN in Geneva 
and SLAC at Stanford where the last 
year has seen the first evidence for a 
unified theory of the weak and electro- 
magnetic interactions (Nature, 245, 
119; 1973), and the quark in a curiously 
paradoxical position—strongly sup- 
ported by some recent results and 
equally seriously threatened by others. 
At this exciting and critical phase in 
fundamental particle research and with 
only two years to go before the new 
CERN accelerator achieves comparable 
energies, what has FNAL, as the prin- 
cipal sink for high energy funds in the 
United States, to offer? 

The answer lies in the range of high 
energy secondary particles produced by 
the collision of the proton beam with 
its target. FNAL neutrinos and mesons 


come out at higher energies than thosee 


at CERN, and the Batavia synchrotron 
is the only source of really high energy 
muons, whose existence as a kind of 


massive electron is one of the out- 
standing puzzles of fundamental par- 
ticle physics. Colliding beams, which 
have produced all the surprises, 
produce secondary particles of only 
relative low energy. 

Many of the most recent results 
promise to support the efforts of 
theoretical physicists to find a unified 
explanation of the four physical forces, 
and to tie together within some funda- 
mental relationship the embarrassing 
plethora of particles that comes hurt- 
ling out of the nucleus when it is hit 
with particles of energy more than a 
GeV or so. But some of the very latest 
threaten to leave them gasping. FNAL 
should be in a unique position to fill in 
the emerging picture in three areas. 

The first is that opened up by CERN 
experiments with a neutrino beam on 
a stationary target of liquid freon in 
the giant bubble chamber Gargemelle, 
where the apparent observation of 
neutral currents represented evidence 
for the unity of the weak and the 
electromagnetic force, as proposed by 
Steven Weinberg and Abdus Salam. 
FNAL, with its much higher energy 
neutrino beam, has already corrobor- 
ated the CERN result (Nature, 249, 
211; 1974) and should now be able to 
contribute a more quantitative under- 
standing of the phenomenon. 

Preliminary data should soon be 
available on a second question, raised 
this time by CERN’s proton-proton 
colliding beams. Quite unexpectedly, 
the interaction probability (or cross 
section) of the protons, instead * of 
remaining constant, turned oft to 
increase With increasing energy. In- 
vestigatidhs at FNAL with other kinds 
of strongly interacting particle, which 
seem to be subject tp the same non 
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linearity, will concentrate on the prob- 
lematic transition energy between 
constant and rising cross section. 

The third question is that of the 
structure of the hadron: are all the 
strongly interacting particles made up 
of combinations of two or three quarks, 
according to the theories independently 
developed by Zweig and Gell-Mann? 
Both the neutrino scattering experi- 
ments and the colliding beams of 
protons on protons say yes, they could 
be, although the existence of internal 
structure in the hadron has to be in- 
ferred from the distribution of the 
emerging particles: no force has yet 
succeeded in ejecting a quark from its 
nucleon. Both high energy neutrinos 
and muons are available at FNAL for 
probing the interstices of the proton in 
more detail than before, and at a time 
when experiments with colliding beams 
of electrons and positrons at SLAC 
have produced results which stretch 
quark theory to the limits of its plausi- 
bility. The simplest version of the 
theory (and the pursuit of simplicity is 
the vocation of the theoretical 
physicist) predicts a constant ratio of 
emerging hadrons to muons as collision 
energy rises. But the SLAC experiment 
revealed a hadron/muon ration that 
increased with energy with no sign of 
levelling off at the highest reached. 
Some increase can be accommodated 
in more complex versions of quark 
theory, but if the curve goes up any 
further it will leave even the most 
elaborate quarks behind. 

FNAL should be able to provide the 
answers to some of the new questions 
posed by the current spate of exciting 
and baffling results, and take its place 
as a focus of scientific, rather than 
political or administrative, controversy. 
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Moscow - 
seminar 
under attack 


from Vera Rich 





THE latest development in the prepara- 
tions for the “underground” Moscow 
seminar on Collective Phenomena and 
the Applications of Physics to Other 
Fields of Science’ scheduled for July 
I~5, 1974, has been threats of prison 
and (or) exile for the ‘host’, physicist 
Aleksandr Voronel, and military con- 
scription for a number of participants. 

In a statement made by telephone and 
addressed to the sponsors of the 
Seminar, the American Academy of 
Physics, the Royal Society, the 
association -of scientific workers of 
France, Italy, Germany and other 
countries, and to the International 
Society of Jurists, Voronel said that on 
the morning of June 8, he was “taken 
by force” by agents of the KGB (in 
civilian clothes) from near his home 
and conveyed to the 43rd department 
of the militia (civil police), where “two 
hours later, Lt. Col. Anfisov read out 
to me a warning in the name of the 
State Security organs”, in terms of the 
decree of the Supreme Soviet of 
December 25, 1972. This decree -has 
never been published, nor was the text 
of it shown to Voronel. The warning, 
however, consisted of the following 
three points: the seminar is a “provoca- 
tive measure, pursuing anti-Soviet 
aims”; holding it will be “in violation of 
the order existing in the USSR”; and 
Voronel’s actions in promoting the 
seminar will fall under statute 74 of the 
criminal code of the Russian Federa- 
tive Republic: “incitement of national 
emnity’’. 

This is the first time that so serious 
an accusation has been levelled at an 
individual scientist. Previous harassment 
of Jewish scientists dismissed from their 
posts as a result of applying to emigrate 
to Israel has either consisted of charges 
of “parasitism” (of not being gainfully 
employed) or else of offences not 
directly related: to their predicament (as 
in the case of physicist Viktor Polskii, 
charged with a serious driving offence). 

Although Voronel, as the ‘host’ for 
the seminar is obviously the prime 
target, he is not the only participant 





personally threatened. Three members 
of the organising committee: Viktor 
Brailovskii, Grigorii Rozenshtein and 
Dmitrii Ram, who are under 40 years of 


- age (the upper limit of liability to con- 


scription) and also two intending parti- 
cipants M. A. Mikulinski! and a certain 
Khaits (no forename available) have 
been ordered to report for military ser- 
vice. Although their failure to comply 
with the order renders them liable to 
criminal prosecution, the conscriptees 
(whose academic exemption is assumed 
to have lapsed when they lost their 
jobs) are, in the long-standing tradition 
of those wanted by the KGB or its 
Imperial predecessors, “hiding in the 
countryside” until July 1 when Gf not 
apprehended in the meantime) they 
will return to Moscow for the meeting. 
Mrs Irina Brailovskaya (herself an in- 
tending participant) and Mrs Rozen- 
shtein are being subjected, like Voronel 
himself, to close surveillance by the 
KGB, in the hope of discovering the 
whereabouts of the missing men. 

Last Thursday it was reported that 
another committee member, cyberneti- 
cit Aleksandr Lunts, had been arrested. 
The Scientific Council of the Institute 
of Selid State Physics of the Soviet 
Academy of Sciences has officially 
censured the participation of eProfessot 
Venyamin Fain and Professor Yakov 
Yosilevskii for their membership of the 
Orgapising Committee. Yosilevskii, hav- 


Voronel: threatened 





ing already resigned from his post at the 
Institute, could not be threatened with 
dismissal; Fain, however, after refusing 
an order to withdraw from the seminar, 
was formally reprimanded, which is 
normally the first step to dismissal. In 
spite of this pressure campaign, which, 
following his release, Voronel, in a 
telephone call to a contact in Israel, 
described as “‘unprecedentedly rough 
treatment”, the Committee and the 
participants from the Soviet Union 
are still prepared to go ahead. 

This harassment of the scientists 
seems to indicate that the preliminary 
attacks on the seminar (see Trud and 
Sovetskay Kultura of May 17, 1974), 
which attempted to present it as a 
“provocational attitude” initiated by 
the University of Tel Aviv have had 
little impact, except, as Voronel wryly 
commented, to give it unhoped for 
publicity in the Soviet press. In fact, the 
whole concept of the seminar originated 
in Moscow, as an almost spontaneous 
by-product of the summary dismissal 
from their posts of Jewish scientists 
who wished to emigrate to Israel. In 
1973, a number of scientists who had 
been sacked in this manner were pre- 
vented from presenting their papers at 
an International Physics Conference in 
Moscow, They succeeded, however, in 
making the fact known to the foreign 
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delegates, and an open invitation was 
issued to attend an unofficial session in 
Dr Voronel’s apartment, to hear and 
discuss the banned papers. In all, some 
40 delegates attended this meeting, 
sitting tightly packed upon the floor. 

Since that time, the dismissed scien- 
tists, in order to foster and preserve 
some sort of scientific environment for 
themselves, have been holding regular 
Sunday seminars. Although represent- 
ing a wide range of disciplines, from 
Cybernetics to Sinology, the meetings 
have, in fact, proved a fruitful source 
of discussion and interdisciplinary 
understanding (far more so, perhaps, 
than the official type of conference in 
the Soviet Union which, after one or 
two “plenary” sessions, normally frag- 
ments into a number of narrow work- 
ing groups meeting simultaneously so 
that virtually no interdisciplinary ex- 
change is possible). 

Although a second seminar was later 
instituted, under the leadership of Dr 
Grigorii Rozenshtein, dealing with the 
life sciences (Voronel’s original seminar 
contained a preponderance of mathe- 
maticians and physicists), the idea of 
interdisciplinary exchange has remained 
a cornerstone of the concept of these 
seminars. Accordingly, the International 
Seminar planned for July is not, there- 
fore, in any way an outside Interference 
in the activities of Soviet science. Rather 
is it an invitation from a group of 
dismissed scientists—who are, incident- 
ally, only exercising the “freedom of 
speech” and “freedom of assembly” 
guaranteed to them by articles 125-127 
of the Soviet Constitution of 1936—for 
their colleagues abroad to participate 


DRILLINGS in the Mediterranean may 
soon bring the promise of oil self- 


sufficiency to Israel. Preliminary sur- 
veys of the sea bed off Israel’s coast- 
line—at the edge of, or just beyond, 
the continental shelf-——-have turned up 
geological structures which may yield 
oil, according to a statement made last 
week by the head of Israels Oceano- 
graphic and Limnological Research 
Company, Yohai Ben-Nun. Ben-Nun, 
former OC of the Israeli Navy, was 
reporting on surveys made by his com- 
pany in cooperation with the Marine 
Geology Unit of the Geological 
Institute. 

Advanced seismic equipment has 
already been acquired, added the 
Admiral, for more exact investigation 
of these structures and for pinpointing 
possible drilling sites. While not guaran- 
teeing that oil would be found, he 
described the anticlinal structures as 
“very promising indeed”. Some of the 
sites are at depths that make exploite- 
tion difficult, given present-day tech- 
nology, but new techniques 


in a special 6-day session of the seminar. 
The three ‘international secretaries of 
the meeting, Professor Edward Stern 
of the University of Washington, Dr 
Norman Chigier of the University of 
Sheffield, and Dr Raymond Orbach of 
the University of Tel Aviv are in no 
way the organisers—they are, as it 
were, the intermediaries between the 
would-be participants abroad and the 
committee in Moscow. Consequently, 
in spite of the fears expressed by 
certain scientists abroad for the safety 
of their Soviet colleagues, the inter- 
national secretaries cannot take it upon 
themselves to cancel the seminar— 
only Voronel and his colleagues in 
Moscow could take such an action, and 
this they are resolutely opposed to 
doing. 

In spite of the increasing pressure, 
which Veoronel himself attributes to the 
“unfortunate” coincidence of the Nixon 
visit with the date of the seminar, which, 
he says, has given the authorities an 
added incentive and “justification” for 
taking the meeting as a provocation, at 
the time of going to press, plans are still 
going ahead. Certain counter measures 
to the Soviet pressure are in preparation 
—the submission of letters signed, 
respectively, by the international spon- 
sors of the seminar and by leading 
physicists to Dr Philip Handler of the 
National Academy of Sciences of the 
USA and Professor W. K. H. Panofsky 
of the American Physical Soctety, urg- 
ing that the bodies they represent should 
give appropriate consideration to the 
situation. A conference on high energy 
physics, to be held at Imperial College, 
London, at the same time as the 


Israelis hope for 
Mediterranean oil 


Nechemia Meyers, Rehovot 


should make drilling economically and 
technologically feasible in a few years 
time. 

Meanwhile, plans are going forward 
for drilling on the continental shelf and 
on the mainland. Dr Zvi Dinstein, who 
is in charge of Government oil opera- 
tions, has announced that IL25 million 
(£2.5 million)—most of it private 
capital—will shortly be invested in 
probes along and just off the Coast 
Plain from Netanya to the Lebanese 
border. Surveys are also going on 
further to the south, particularly in 
the Gaza Strip area. 

Considerable differences of opinion 
exist in regard to the possibility of 
striking oil around the Dead Sta. A 
group of foreign and local investors is 
“reportedly willing to invest millions in 


the 
observers—-and geologists—think 
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seminar, will be asked to express its 
solidarity and sympathy. The possibility 
of formal telegrams to Mstislav V. 


Keldysh, President of the Soviet 
Academy of Science, has also been 
suggested. 


Meanwhile, the submission of papers 
continues: some 120 having been sub- 
mitted so far, more than 75 of which 
are from the United States, and includ- 
ing such names as R. A. Dwek (Ox- 
ford), D. W. Sciama (Oxford), George 
Wald (Harvard), John Ziman (Bristol), 
Sergio Ricossa (Turin), D. Bargeton 
(Paris) and Peter Hemmerich (Kon- 
stanz); the subjects cover a wide range 
from theoretical cyberneticse to medi- 
cine, from cytology to the theory of 
education, and from Marxist sociology 
to theology. 

The intending participants from 
abroad have made the necessary 


applications for their visas, and, at the 


time of going to press, are still await- 
ing an answer. In the meantime, 
scientists attending the “official” physics 
conference in the Soviet Union at the 
end of June have been invited to stay 
on for the seminar, as happened last 
year. In Moscow, the organising com- 
mittee, under increasing pressure, con- 
tinue their preparations, and, it is 
understood, have arranged for alterna- 
tive venues, should Voronel’s apartment 
become unavailable at the last minute. 
Although the final outcome remains 
uncertain, it is clear from the attitude 
of the organisers, both at home and 
abroad, that should the International 
Seminar fail to materialise, it will not 
be due to any slackening of efforts on 
their part. 


Other 
the 


likely presence of oil. 


asphalt only shows that oil was there, 
but that this oil has ‘migrated’ away. 

Israel hoped that it had entered the 
oil era 20 years ago. For in September 
1955, regular broadcasts were inter- 
rupted to announce that oil had been 
struck in the Lower Cretaceous sands 
at Heletz, 35 miles south of Tel Aviv 
and seven miles east of the Mediter- 
ranean coast. Special songs were com- 
posed in honour of the occasion and 
stocks of local oil companies shot sky- 
high. But production did not live up 
to expectations. In 1965, at its peak, 
Heletz and the surrounding fields 
yielded 202,000 tons of crude oil. 
Today production is only one-quarter 
of that figure. 

The Six Day War brought Israel 
access to the Abu Rodeis oil fields in 
Sinai, Which yielded 4.5 million tons in 
1973, as against 5.3 million tons in 
1972. A further pull back of Israeli 
forces could cut off that supply of oil 


being drillings there, because, they believe, altogether, a fact which lends special 


developed elsewhere in the world the asphalt found inthe area indicates urgency to drillings in ‘old Israel’. 
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Dear Russell... 
Dear Dixie... 


by Colin Norman, Washington 


A COUPLE of months ago, the Atomic 
Energy Commission (AEC) received a 
‘rude shock from a sister agency in the 
federal government when the Environ- 
mental Protection Agency published a 
blistering critique of some of the AEC’s 
key justifications for pushing ahead at 
breakneck speed with the breeder re- 
actor programme. EPA’s temerity in 
questioning some of the arguments 
made in support of the most important 
energy research and development pro- 
gramme in the United States evidently 
hit a raw nerve in the AEC for it has 
prompted a frosty letter from AEC 
chairman Dixie Lee Ray to EPA ad- 
ministrator Russell E. Train, and a 
polite but equally frosty defence of 
EPA’s actions in a reply from Train to 
Ray. 

EPA’s critique, which was published 
on May 4, tore to pieces many of the 
arguments put forward by AEC in a 
draft report on the environmental 
impact of the breeder reactor pro- 
gramme, and EPA gave the report the 
lowest possible rating of “inadequate”. 
AEC was under court order to put the 
draft report into final form by June 14, 
but following EPA’s criticisms, AEC 
sought and received an extension of 
the deadline. A final environmental 
impact statement is now expected 
sometime late in the summer or early 
autumn. 

The dispute between the two 
agencies could later play an even more 
important part in the fierce battle now 
being waged over the breeder reactor, 
however, for EPA’s criticisms may 
provide the basis for legal action to 
delay or block the programme by 
nuclear critics if AEC’s final impact 
statement fails to respond adequately to 
the points raised by EPA. 

But what seems to have offended 
AEC officials in particular is the 
manner in which the criticisms were 
delivered. According to Dixie Lee 
Ray’s letter, the criticisms came as a 
shock because the two agencies had 
previously agreed to cooperate in 
preparing the draft environmental 
impact statement, and EPA officials 
had given “repeated telephonic 
assurances throughout (the) drafting 
period that there were no problems” 
with AEC’s analyses. “We cannot 
understand the way in which EPA 
handled its recent comments” Ray 
said, and added that “‘surely these are 
more constructive ways of handling 
this and similar situations”. 

Train replied that although he 
shares Ray’s concern that the two 
agencies should work constructively 
together, effective coordination in 


producing the statement proved to be 
impossible, and he said that when 
differences of opinion arise on impact 
statements, “our official comments 
must and will identify these issues and 
EPA’s concerns”. In other words Train 
made it perfectly clear that when his 
agency believes that another agency in 
the federal government has produced 
a poor environmental impact state- 
ment, EPA will continue to speak out. 

Because of the importance of the 
fast breeder reactor programme—it is 
the largest single energy research and 
development programme in the United 
States and it will provide the keystone 
to the entire nuclear power programme 
in the 1990s and beyond—officials of 
the AEC, EPA and the White House 
Council on Environmental Quality met 
in September last year to try to ensure 
that the drafting stage of the impact 
statement would proceed as smoothly 
as possible. It was agreed at that 
meeting that AEC would provide EPA 
with draft copies of chapters of the 
statement as soon as they were written. 

But, according to Train’s letter, 
although AEC supplied EPA with 
material beginning in December last 
year, the three most controversial 
aspects of the statement—those dealing 
with plutonium toxicity, safety and 
cost-benefit analysis—were not com- 





Test ban soon? 


Mr BREZHNEV has now indicated 
that the Soviet Union is prepared to 
discuss a ban on underground 
nuclear weapons tests when Mr 
Nixon visits Moscow in late June. 
This together with the continued 
interest in Washington makes some 
sort of agreement, even if only an 
agreement to agree, a near certainty 
this summer. A treaty is likely to take 
the form of a threshold agreement 
in which tests are forbidden only if 
they produce a seismic signal larger 
than a specified value. This concept 
has been strongly criticised in recent 
weeks; the sort of value being talked 
about would permit explosions of up 
to fifty kilotons to be fired if 
appropriately muffled. A large 
majority of all tests fired at present 
are below that level of yield, so the 
threat to a weapons programme of 
a threshold treaty could be modest. 
The speech of Mr Brezhnev does 
however mention the question of a 
timetable for phasing out weapons 
tests entirely, an idea that will be 
nfuch more difficult to sell to the 
United States. It will be interesting 
to gee whether the Soviet Union 
insists on such an addition to any 
treaty that is signed, as it is» poten- 
tially embarrassing to the United 
States and could endanger the talks. 
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pleted until February. As far as the cost’ 
benefit material was concerned, EPA in 
fact received no draft at all. Thus 
EPA had little or no input into those 
parts of the statement, and as it turned 
out they were the most heavily criti- 
cised parts. Train also pointed out that 
in the September meeting last year 
EPA officials identified 14-topics which 
should be discussed in the impact state- 
ment, but only two were addressed in 
full and five were addressed in part. 

Although AEC’s pique and EPA’s 
defence of its actions represent little 
more on the surface than a bureau- 
cratic squabble, they do underline a 
couple of important points. The first 
is that with the White House 
beleaguered by calls for President 
Nixon’s impeachment and resignation, 
federal agencies are taking an idepend- 
ent line on many issues which would 
normally be under tight White House - 
controi—the EPA, for example, has 
been taking a stand against several 
administration policies and several top 
administration officials have even said 
in public that they have no fear of 
White House pressures any more. And 
the second point is that EPA’s in- 
dependent stand on the breeder 
reactor statement, which would have 
been much more difficult in pre- 
Watergate days, is a vital part of the 
procedure laid down by the National 
Environmental Policy Act for ensuring 
that environmental concerns are taken 
fully into account in decisions made by 
the federal government. 


Nuclear safeguards 


STUNG by a series of public criticisms of 
the adequacy of its safeguards against 
the theft of nuclear materials, the 
Atomic Energy Commission has ele- 
vated nuclear security to a higher posi- 
tion in its bureaucratic hierarchy. The 
move is, however, unlikely to satisfy 
the AEC’s critics in Congress who are 
pushing ahead with a bill to force the 
commission to pay much more attention 
to nuclear safeguards than it has in 
the past. 

The move consists of amalgamating 
the present Division of Nuclear Security 
and the Division of Nuclear Materials 
Security into a single entity whose job 
will be to prevent the theft of weapons- 
grade plutonium and enriched uranium 
from AEC facilities and in transporta- 
tion. Critics have long argued that res- 
ponsibilities for preventing nuclear 
theft have been fragmented, and so the 
reorganisation at least helps to answer 
some of the complaints. 

But it falls far short of recommend- 


ations, contained in two recent studies 


of the AEC’s safeguard regulations, 
and it also addresses only part of 
the safeguard problem, for the new 
division will be responsible only for 
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THE attacks on Lin Piao and Confu- 
clanism in China which began in August 
1973 have now spilled over into the 
pages of Scientia Sinica, the distin- 
guished English-language journal of 
Chinese science published in Peking. 
In the most recent issue (Vol. 17, No. 2) 
alongside papers on a Markov descrip- 
tion of stationary turbulence, grapto- 
loidea and graptodendroids and patho- 
gens of rice black streak dwarf disease 
is a section entitled ‘Criticising Lin 
Piao and Confucius; combating and 
preventing revisionism’. Three testi- 
monies are presented of the absurdity 
of Confucius’ saying ‘only the highest 
who are wise, and the lowest, who are 
stupid, cannot be changed’. Lin Piao, 
at one time Mao’s Defence Minister 
and widely believed to have been kilied 
in a plane crash in Mongolia in Sep- 
tember 1971 whilst attempting to flee to 
the Soviet Union, is accused of fol- 
lowing Confucius and ‘twaddling that 
knowledge was endowed by nature’ and 
‘slandering the working people as 
philistines . . . only caring for oil, salt, 
sauce, vinegar and firewood’. 

The first paper, uncompromisingly 
entitled ‘ “The Lowest, who are stupid” 
are the wisest while “The Highest, who 
are wise’ are the most stupid’ is 
by Tsai Tzu-chuan of the Laboratory 
for Electric Light Source, Shanghai. 
He was exercised in the early 1960s by 
the imperialists who gloated over the 
Chinese incapacity to make a high- 
pressure mercury vapour lamp. How- 
ever his group started from scratch 
and within half-a-year had delivered 
the goods. This success greatly 
heightened the morale of the pro- 
letariat and smashed the imperialist 
slander against China: ‘advanced archi- 
tecture but backward lighting’—which, 
it must be admitted, isn’t heard too 
often these days. One in the eye for 
Lin Piao who wanted to restore capital- 


nuclear material contained in AEC 
facilities, while the AEC’s Regulatory 
division will retain responsibility for 
safeguarding nuclear material held by 
the nuclear power industry. 

The reorganisation is thus unlikely to 
disrupt a move, spearheaded by Senator 
Abraham Ribicoff, to place nuclear 
security on the same bureaucratic level 
as the safety of nuclear power plants 
and to force increased security within 
the nuclear industry. The move, in the 
shape of an amendment to a bill 
designed to split up the AEC into a 
Nuclear Safety and Licensing Com- 
mission and an Energy Research and 
Development Administration, would 


create a top-level bureau concerned. 


solely with nuclear safeguards. The bill 
has now been passed by the Senate 
Government Operations Committee 
and it is awaiting full Senate action. 


Anti-revisionism 
hits Scientia Sinica 
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“Many hands make mercury vapour 
light work...” 


ism by subjugating the working class to 
his fascist rule. As Chairman Mao put 
it ‘Lifting a rock only to drop it on 
one’s own feet ‘is the behaviour of a 
reactionary fool’. 

Next Yao  Shih-chang of the 
Tuanchieh Production Brigade, Shan- 
tung, relates how Mao’s saying that 
‘correct ideas come from the struggle 
for production, the class struggle and 
scientific experiment’ is illustrated by 
his quest for growth of the peanut. 
His first attempt to raise the yield of 
his own village’s crop of peanuts by 
importing the methods of a neighbour- 
ing village actually decreased the yield 
and he ‘got snubbed’, Next year how- 
ever he studied the cycle of growth 
more closely—‘I was, so to speak, 
living together with the peanuts’. Even- 


Nature conservation 


THe Nature Conservancy Council, 
having devoted the first months of its 
existence to internal reorganisation and 
the task of disentangling itself from the 
arms of the Natural Environment 
Research Council, is now ready to turn 
its attentions outwards again. 

At a meeting in London recently, 
the Director, Mr R. E. Boote, outlined 
the aims of the ‘new’ Nature Conser- 
vancy. According to the Nature Con- 
servancy Council Act of 1973 the NCC 
is now required to provide advice ‘to 
the government on the development 
and implementation of all policies for 
or affectifig nature conservation in 
Great Britain. This has enormous 
implications for the NCC which they 
intend to take very seyiously, now that 
they are an independent body. & 
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tually by removing earth round the 
basal parts of peanut plants he found 
he could raise the yield 25%. This he 
concludes is the result of not fearing 
hardships, being bold to practise and 
ready to get to the bottom of the 
matter. Lin Piao would not have en- 
couraged this as he thought that the 
working classes cared only about 
money, and would have restored land- 
lords. But now millions are clapping 
hands for joy, so ‘let the reactionaries 
at home and abroad bark what they 
like.’ Finally, Chao Pu-hii, a ‘worker- 
peasant-soldier student’ at Kirin Medi- 
cal College describes his transform- 
ation from ‘half-baked medical 
orderly’ to ‘people’s medical officer’. 
He worked in a deaf-mute clinic and 
was intrigued by the failure of acu- 
puncture in this field. The books said 
that there were forbidden zones, and 
that needles should only be inserted a 
restricted amount. Chao Pu-hü per- 
ceived this as akin to the ‘idealist 
apriorism of Liu Shao-chi, Lin Piao 
and other swindlers’ and proceeded to 
experiment on himself with prodigious 
lengths of insertion. This warmed his 
throat up so he applied the same to a 
girl Wang Ya-chiu. Three days of the 
treatment and she called out, for the 
first time in her life. ‘Long live Chair- 
man Mao!’ Thus emboldened, he and 
his colleagues have cured more than 
3,000 deaf-mutes in the last five years. 
His last colourful words are—‘Now 
those who had tried to check the 
advance of history as mantis shanks 
would a carriage were ground to pieces 
by the wheel of history, yet their re- 
actionary ideology still stinks. We will 
thoroughly criticise their reactionary 
world outlook and carry the socialist 
revolution in the realm of the super- 
structure through to the end!’ And so, 
on the next page, to a homogeneous 
denumerable Markov process. 


Mr Boote promised that they would 
not hesitate to make public advice 
given to the government and disregarded 
when they felt that circumstances war- 
ranted such disclosure. 

The NCC continues to manage the 
300,000 acres of nature reserves under 
its control but has relinquished its 
research stations to NERC. The NCC 
now commissions the necessary 
research, mainly from NERC, on the 
Rothschild customer/contractor prin- 
ciple. When asked whether conflict 
might arise between the research carried 
out for the government for NERC and 
that commissioned by the NCC, Mr 
Boote replied that as they had complete 
control over the commissioning of their 
own research they could always go 
elsewhere. The NCC is at present 
financed by a parliamentary grant 
Which this year has been “sufficient”. 
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correspondence 


Earth scientists 


Sir,—Sir Peter Kent, Sir Kingsley 
Dunham and Professor Percival Allen 
charge (Nature, June 14) that my article 
of April 26 was “erroneous and mis- 
leading” and “appeared in Nature 
without an attempt to check the facts”. 
They are quite wrong; indeed in their 
letter they commit the very sins of 
which they choose to accuse me, not 
the least of which is to put into 
quotation marks an inaccurate version 
of a phrase I actually wrote. 

In my original article I claimed 
that the General Secretary of the Euro- 
pean Geophysical Society (EGS) dis- 
covered the planning of the Reading 
meeting of European geological societies 
“more or less accidentally’—a claim 
that Sir Peter and his colleagues attempt 
to refute by pointing out that the EGS 
General Secretary was specially in- 
formed of the meeting by its organisers. 
Indeed he was; but the fact is that the 
meeting had first come to his attention 
(more or less accidentally, as I said) 
more than two months before the 
‘official’ information was received. Sir 
Peter and his cosignatories also point 
out that the EGS President was sent a 
“special letter” inviting EGS members 
to participate in the Reading meeting 
and soliciting topics for discussion. A 
letter was indeed sent, although in view 
of the fact that it bears a remarkable 
resemblance to other letters sent else- 
where, its “special” nature may be 
doubted. 

The most significant aspect of the 
letter to the EGS President, however, 
is that the contents of the letter are 
precisely as Sir Peter and his colleagues 
describe them—-which suggests that the 
basic point of my article has been 
missed. No one has suggested that EGS 
members have not been invited to, or 
would not be welcome at, the Reading 
meeting. But what is being suggested 
is that the organisers of the Reading 
committee have gone ahead with the 
first stage of what may well develop 
into a Geological Society of Europe 
(GSE) without first consulting the 
governing bodies of the European earth 
science societies already in existence, 
most notably the Council of the EGS. 

Sir Peter and his colleagues presum- 
ably felt that such consultation was un- 
necessary. Others, including myself, 
disagree. For reasons which are too 
complex to go into here, in both Britain 
and the United States (and possibly in 
other countries too) geologists and 


geophysicists have come to be associated 
with different organisations. It is per- 
haps now too late to change that situ- 
ation; but in my view it would be a 
tragedy if a similar sort of separation 
were to be perpetuated on a European- 
wide basis. This does not necessarily 
imply the need for an all-embracing 
European Earth Science Society, for, 
as I pointed out in my original article, 
the problems involved in running such a 
Society would be almost insurmount- 
able. But what it does mean is the need 
for close coordination. Geologists may 
deplore it, but in view of the fact that 
the EGS already exists the onus must 
be on anyone thinking, however 
remotely, about a GSE, to take special 
care to avoid harmful separation. In 
return, I feel sure that existing organis- 
ations will see the need to modify their 
own programmes accordingly. In any 
event, true coordination is much more 
than simply sending letters announcing 
a conference. 

Sincerely yours, 

PETER J. SMITH 

Hanslope, 
Milton Keynes MKI9 7LF, UK 


Kidney transplants 


Sir,—The article “Transplantation : 
the failing machinery”, (Nature, April 
19, 1974) I thought, represented the 
kidney donor problem in this country 
very accurately and unfortunately its 
comments were confirmed by Dr 
Dudley’s letter (May 31). He was quite 
right that in the north-west area of 
London there are no neurosurgical 
centres, but for years the Atkinson 
Morley Hospital in the south-west has 
been the source of many kidneys going 
to St Mary’s. It should be pointed out 
that head injuries form only a small 
proportion of the potential donors. In 


the south-east only 20% of all kidneys 


come from patients dying from trauma 
and less than 5% from a recognised 
neurosurgical unit. The majority of 
our donors come from general hos- 
pitals and they are by no means always 
on a ventilator. Indeed, in September, 
1973 there was a suitable donor at St 
Mary’s Hospital, Harrow Road, which 
was turned down by their Transplant 
Unit. This year there was a similar 
case at St Charles Hospital, W10. These 
kidneys were in fact taket by clini- 
cians from the London ‘ransplartt 
Group and used in the national pool. 
It cannot be argued that kidneys from 
these, donors were unsuitable for trans- 
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plantation. In fact I have sent similar 
kidneys to St Mary’s Hospital and the 
national pool with good results. Eighty 
per cent of all kidneys taken in south- 
east London are from similar donors 
(60% are not on a ventilator) and 50% 
function immediately. 

As far as potential donors suffering 
from primary cerebral tumours are 
concerned, and the fact that they go 
elsewhere for terminal care, is no reason 
why those kidneys should be lost 
to the transplant pool. In Newcastle, 
all similar patients are put on a donor 
register and whichever hospital is con- 
cerned with their terminal events noti- 
fies the transplant team before death. 

From my own experience of working 
in the Casualty Department at St 
Mary’s, Harrow Road, and from con- 
versations with nurses, housemen and 
students, it is fairly obvious that there 
is suitable donor material not being 
collected in at least one of the hospitals 
in the north-west area of London. I 
think that this represents “unequivocal 
evidence” that there is a lack of under- 
standing and cooperation between 
doctors which is responsible for the 
lack of kidneys available for trans- 
plantation today. 

Yours faithfully, 
M. BEWICK 
Department of Surgery, 
Guy’s Hospital, London SEI 9RT 


Sir,—-May I make a few comments on 
Mr H. A. F. Dudley’s criticisms (May 
31) of my article on kidney trans- 
plants (April 19)? 

The figures for the numbers of 
kidneys received from and contributed 
to the central pool came from the 
DHSS Organ Matching Service at 
Bristol. And having spoken to a number 
of doctors and surgeons, I was con- 
vinced that there was, in some cases, 
more take than give—and not neces- 
sarily because of any variation in the 
number of cranial trauma patients. 

The lack of cooperation between 
doctors was one of the reasons given by 
the Royal College of Physicians for the 
lack of kidneys. I also spoke to a con- 
siderable number of hospitals and doc- 
tors and found in many cases complete 
ignorance about the transplant pro- 
gramme and about tvansplant pro- 
cedures regarding donor kidneys. And 
Dudley wants “unequivocal 
evidence” surely Mr Barnes’ story is it. 

Yours faithfully, 
ROBIN LAURANCE 
Riverwoods, Marlow, Bucks SL7 1QY 
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news and views 





Collaboration fixes 
unique QSO spectra 


In these days of proliferating publications, the article which 
appears on page 743 of this issue of Nature is worthy of 
more than just passing attention. The paper itself is of 
great significance to astronomers, since it provides some of 
the first indications of the radio spectra of the QSOs 
OH471 and OQ172. These are the only radio sources yet 
definitely identified with optical objects which have red- 
shifts greater than z=3, and as such they are, on the cos- 
mological interpretation of those redshifts, the two most 
distant objects known to man. 

The very high redshifts also affect the radio spectra, of 
course, although the absence of features comparable to the 
lines in optical spectra makes it impossible to measure the 
redshift of any QSO by radio observations alone. But in 
effect by shifting the radio spectra the redshift brings new 
regions into the band of frequencies which can be covered 
by radio telescopes based on Earth. Perhaps some of the 
features seen in these spectra are, then, typical of features 
which would be discovered at rather shorter wavelengths 


in the spectra of QSOs with smaller redshifts. 

In the excitement caused by the identification of these 
objects, it would surely have been natural to expect every- 
body with access to a radiotelescope to make observations 
and rush them into print. The result would undoubtedly 
have been a scattering of reports in various journals, 
causing much adrenalin to be produced by other frustrated 
radio astronomers desperately trying to keep up with ‘the 
literature’ and to find some overall picture of the radio 
spectra of the two QSOs. 

But in fact a different approach has been adopted. Con- 
tributions which might have formed the basis of ten 
separate short notes here, there and everywhere have been 
combined in the one article we are publishing today. The 
degree of international cooperation involved is notable 
even for astronomy; as a result this paper provides in one 
place just about all that needs to be said (at this stage) 
about the radio spectra of OH471 and OQI72. Nature is 
always happy to cooperate in ventures like this which both 
reduce the number of separate papers we have waiting to 
be published and, we hope, provide a service to the scientific 
community (see, for example, the Cygnus X-3 issue of 
Nature Physical Science, 239, 113-136; 1972). 

JOHN GRIBBIN 


Origin of plasmocytoma cells 


THE DNA polymerase activity known as terminal 
deoxynucleotidyl transferase has been reported in murine 
plasmocytoma cells, with interesting implications for the 
study if tissue differentiation (see page 775 of this issue of 
Nature). , 

Terminal deoxynucleotidyl transferase differs from the 
other known DNA polymerase activities in mammalian 
cells in that it catalyses the addition of deoxyribonucleotides 
to the 3’-OH end of preformed polynucleotide chains in 
the absence of a DNA template. Although this effect has 
been useful as a model for the mechanism of polymerisation 
(Proc. natn. Acad. Sci. U.S.A., 65, 1041-1048; 1971) and for 
end group labelling of deoxyoligonucleotides (Eur. J. Bio- 
chem., 22, 271-276;,1971), the biological function of the 
enzyme is unclear, and it has been suggested that it is a 
degradation product of DNA polymerase. But its role as a 
marker for the origin and state of differentiation of cer- 
tain cells is an interesting possibility. 

The terminal transferase activity was first isolated in 
calf thymus, and has since been demonstrated in the thymus 
of numerous animals, but in no other tissue. Thus the 
activity seems to be entirely tissue specific, and also shows a 
development cycle which arises early in the process of 
embryonic development and persists in the thymus of 
young and adolescent animals. 

McCaffrey et al. (Proc. natn. Acad. Sci. U.S.A., 70, 521- 
515; 1973) have found that cells from a patient with child- 
hood acute lymphoblastic leukaemia e(ALL) contain an 
enzyme with the properties of terminal? transerase; this 
suggests that these tumour cells are thymic cells blocked 
very early in differentiation. Furthermore, the ALL cells 
lacked detectable surface immunoglobulin, a chacteristic of 


thymocytes. No activity was found in normal T-cells 
(thymus-derived lymphocytes), nor in three cultured human 
cell lines. This suggests that the enzyme was a marker for 
true thymocytes and provides hopes that an assay of this 
DNA polymerase might provide a diagnostic marker for 
whether a given leukaemia is of thymus or bone-marrow 
(bursal) origin. 

Now Penit, Paraf and Chapeville have found that terminal 
transferase exists in murine plasmocytoma cells. This find- 
ing is surprising since these tissue-cultured cells have been 
thought of as B-cells (they express the immunological 
properties of cells derived from bone marrow). If the 
presence of terminal transferase activity in a cell is truly 
indicative of a thymic origin, then it would not be 
unreasonable to suggest that plasmocytoma cells represent 
an intermediate stage of differentiation between B and T 
cells. As Penit et al. point out, this has a precedent in a 
cloned line of thymoma (thymic tumour) cells produced by 
irradiation in mice. The thymoma cells possessed the T- 
cell characteristics of 6-antigen and anatomically thymic 
origin, and the’ B-cell characteristics of readily detectable 
surface immunoglobulin and immune complex receptor 
activity. 

Unfortunately it is not yet possible to be certain that the 
expression of ferminal transferase is evidence of an inter- 
mediate state ef differentidtion in plasmocytoma cells since ` 
immunologi@al data are lacking, especially with regard to 
thymus antigens. A synthesis of immunological and bio- 
chemical approaches may elucidate the origin of cells 
containing terminal transferase activity and determine 
whether this will have diagnostic uses. 


à : TONY PAWSON 
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Minor tyrosine genes of major importance 


THE structure and function of transfer 
RNA are so well understood that it is 
surprising how little is known of the 
transcription of this RNA and of the 
genes from which it is transcribed. This 
is partly due to the difficulties involved 
in isolating the tRNA genes which are 
scattered through the genome in small 
clusters. 

Unless the tDNA is chemically syn- 
thesised, it is only possible to obtain DNA 
enriched in tDNA genes, rather than 
pure tDNA. For example, using the 
DNA of a species of mycoplasma 
enriched so that the tDNA is 10% of the 
total, it has been possible to show that 
uridine is converted to pseudouridine 
post-transcriptionally. Forming hybrids 
between total cell DNA and tRNA has 
given some information about the size 
_of the genes and supports the idea that 
the genes for tRNA are grouped together 
in twos or threes. But by far the most 
informative method has made use of the 
transducing bacteriophage 80. This 
phase has an attachment site (in Escher- 
ichia coli) near the two minor tyrosine 
genes which together contribute 30% of 
the total tyrosine tRNA. The two genes 
are indistiriguishable except in suf, 
cells where one of them—the suppressor 
gene—has a single base change in the 
anticodon region, which allows tyrosine 
to be read instead of the terminator 
codon UAG. 

When the phage carrying. one or other 
of the two minor tyrosine tRNA genes 
is transduced into Æ. coli, large amounts 
of tyr tRNA can be detected in the post- 
infection phase. In mutants in which 
this amount of RNA is reduced, it was 
found that this was because the processing 
of the RNA was less efficient, leading to 
an accumulation of the first transcription 
product. Using 80 carrying one of the 
minor tyr tRNA genes (the suppressor 
mutant), the accumulated RNA was 
examined by Altman and was shown 
to contain some 40 nucleotides more 
than the mature tyr tRNA (Nature 
new Biol., 229, 19; 1971). Subsequent se- 
quencing of the molecule by Altman and 
Smith (Nature new Biol., 233, 35; 1971) 
revealed several interesting features of 
this tyr tRNA precursor. It seems that, 
like the mature tRNA, the precursor 


also has a ‘clover-leaf’ secondary structure - 


but differs from it in that bases modified 
on the active tRNA are unmodified in 
the precursor. The authors also present 
“ evidence that mutations which alter the 
amount of mature RNA produced are 
close to the point at which the precursor 
molecule is cleaved. 

Chysen and Celis have used one of 
these mutations—one which reduces 
the rate of synthesis of suj, tyr tRNA— 


to determine whether the two minor tyr 
tRNA genes are transcribed into one 
large precursor or two separate ones 
(their results are described in Nature, 
249, 418; 1974). In this case it was 
necessary to infect £E. coli with a trans- 
ducing phage carrying both su ,j, and 
wild type tyr genes. They reasoned that if 
the two genes are jointly transcribed then 
a mutation which affects the rate of 
transcription of the su ,;4 gene should 
also affect the rate of transcription of the 
wild type gene. . 

The experimental approach made use 
of the separation of tyrosine tRNA from 
bulk tRNA obtained by polyacrylamide 
gel electrophoresis. Once eluted from the 
gel the ??P-labelled tyrosine tRNA was 
subjected to RNase T, digestion. Charac- 
teristic T, fragments identified tyr), 
tRNA (the major species) and the two 
minor species tyr; su,j; and tyr, wild 
type. By comparing the relative amounts 
of tyr tRNA I and II mutations which 
reduced the amount of tyr; tRNA were 
identified, and those which reduced the 
level of su, tRNA also reduced the 
level of wild-type tRNA. It seems 
therefore that the two genes are trans- 
scribed into one single precursor tRNA. 
Confirmatory evidence of this was ob- 
tained from an analysis of the RNA 
synthesised, after infection with 80 
carrying both minor tyr genes in cells 
deficient in RNase P (RNase P is the 
enzyme which cleaves the precursor to 
form the mature tRNA). The bands 
obtained by electrophoresis of the RNA 
were eluted and digested with RNase T,. 
Of the fingerprints obtained there was 
none characteristic for a ‘singlet’ pre- 
cursor of the wild-type tRNA. 

Knowing that the two minor tyrosine 
tRNAs are transcribed together, it 
becomes particularly interesting to have 
some information concerning the structure 
of the genes. This ts provided in an article 
in page 738 of this issue of Nature by 
Landy, Foeller and Ross, although at the 
time of writing the existence of the 
‘doublet’ precursor was not fully estab- 
lished. Their approach was to compare 
the DNase digestion pattern of phage 
80 (parental) with 80 sui, (singlet-— 
the suppressor gene) and with 80 suf, 
(doublet—the suppressor gene and the 
wild type). Limited digestion with site- 
specific nuclease endo R. Hind, followed 
by electrophesis under different con- 
ditions, led to complete resolution of all 
the fragments. Most of the fragments 
wert the same for all three RNAs of 
coursé, but three fragments were unique 


to the parental 980; one fragment was, 


unique to the singlet, one to thé doublet, 

and five fragments were found in both 

singlet and doublet but not in the 
@ 


parental phage. These last fragments 
did not form hybrids with mature tyr 
tRNA and so their transcript may be that 
part of the precursor which is cleaved 
during tRNA biosynthesis. It seems that 
the size of one tRNA gene plus any 
unduplicated intergenic sequence is app- 
roximately 200-260 base pairs—about 
two or three times the size of tyr tRNA. 
The authors suggest a maximum of 125 
base pairs for the intergenic sequence 
between the duplicated genes. Further 
sequencing of the DNase fragments will 
allow these figures to be more accurately 
assigned and provide a complete analysis 
of the zyr tRNA gene(s). 
PAMELA HAMLYN 


9 
Alpine tundra 
change after road 
building 
from Peter D. Moore 
Plant Ecology Correspondent 
ALPINE tundra habitats are simple in 
structure, yet often diverse in species. 
The species which can survive under 
such rigorous climatic conditions are 
of considerable biological interest be- 
cause of their elaborate phenological 
and physiological adaptations (see 
Billings and Mooney, Biol. Rev., 43, 
481; 1968). Their extreme adaptation 
to climatic stress may render them 
particularly susceptible to hardships of 
other kinds, such as human inter- 
ference, A short growing season results 
in low productivity and this means that 
recovery following disturbance is bound 
to be slow. 

Bell and Bliss (Biol. Conserv., 5, 
25; 1973) studied regeneration of veg- 
etation on areas laid bare by road con- 
struction in Olympic National Park, 
Washington, and found that after more 
than 30 ‘years plant cover was still 
very low. Greller (ibid., 6, 84; 1974) 
has now produced similar data from 
Rocky Mountain National Park, Col- 
orado. In this park two roads provide 
easy access to an open expanse of 
alpine tundra; one of the roads was 
constructed in 1920 and the other in 
1932, but recolonisation of the verges, 
laid bare by construction activities, has 
been very slow. 

Greller found that north-facing 
slopes had become dominated by Poa 
fendleriana, and south-facing slopes 
by Agropyron scribneri, both of which 
are tussock-grass species, well adapted 
to growth on unstable soils. It is a 
matter for concern that these slope 
communities are low in diversity and 
lack many of the more interesting 
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species of the tundra vegetation, but 
Greller’s conclusion that succession 
plays only a minor part in these situa- 
tions cannot be justified from his data. 
Fifty years is a relatively short time 
in the history of most successions and 
under the extreme climatic stress of 
alpine habitats one might expect—even 
slower developmental rates. The cur- 
rent lack of vegetation can hardly be 
construed as proving a lack of succes- 
sional development. Natural periglacial 
soil processes must surely act in an 
equivalent fashion to produce similarly 
denuded slopes. 

Greller’s suggestion that succession 
may be curtailed by soil dryness on the 
artificially steepened slopes of the 
banks is not likely to be correct. 
Many alpine species have xeromorphic 
adaptations. and Teeri (Science, 179, 
496: 1973) has found that Saxifraga 
oppositifolia can withstand water defi- 
cits as great as —55 bar. Drought is 
unlikely to prove a serious hindrance 
to the growth of alpine communities. 
Soil instability may slow down or even 
divert the course of succession, but one 
cannot assume that this is the case 
after only 50 years. 

Nevertheless, one is faced with the 
fact that habitat disturbance caused 
by road building leaves scars upon 
the tundra landscape which may take 
many generations to heal and which, 
indeed, may never heal at all. This 
consideration should occupy a position 
of importance in the minds of those 
responsible for the routing of such 
highways. An additional problem is 
that of trampling pressures by those 
who gain access to the tundra along the 
highways. Alpine vegetation is particu- 
larly susceptible to this additional 
Stress, as has been demonstrated in the 
Cairngorm mountains of Scotland, 
where the provision of easy access to 
the public (by roads and a ski lift) 
has led to ever-widening paths and 
trampled soils (see Watson in, The 
Biotic Effects of Public Pressures on 
the Environment, edit. by E. Duffey, 
Natural Environment Research Coun- 
cil, London: 1967). It may be that the 
instability of roadside slopes in the 
tundra areas of Rocky Mountains 
National Park will be one of the least 
concerns of its conservators. 


Blastokinin induction 
by steroids 


from our 
Steroid Biochemistry Correspondent 


Since the identification in rabbit 
uterine fluid of a specific protein 
blastokinin or uteroglobin, much re- 
search has been carricd out to define 
the precise physiological role of this 
compound. It appears in uterine fluid 


after ovulation and its concentration 
is high at the time of implantation. 
One of the effects of the protein is 
to stimulate the transition of the 
morula to the blastocyst, a transition, 
however, which will also occur in 
vitro. without blastokinin provided 
some other protein which will bind 
progesterone is present. Addition of 
progesterone to culture media contain- 
ing blastokimin stimulates RNA and 
protein synthesis by the embryo and 
blastokinin may function as a binding 
protein for steroids which may be 
needed by the embryo. Blastokinin 
will not only bind progesterone but 
also seems to be controlled by pro- 
gesterone. 

The control of this protein by pro- 
gesterone and related compounds has 
been investigated by Arthur and 
Chang (Fert. Steril., 25, 217-221; 
1974). Steroids were administered to 
rabbits daily for 5 d post-oestrus; 
24 h later the animals were killed and 
the uterine fluid was examined by 
Sephadex column chromatography for 
the presence of blastokinin. The pro- 
tein was detected in rabbits treated 
with progesterone and the 17a-acetoxy- 
progestogens, chlormadinone acetate 
and medroxyprogesterone acetate. The 
amount of blastokinin in uterine fluid 
was similar after treatment for 5 d 
with these steroids to that found on 
the fifth day of pregnancy. These 
progestogens are known to have a 
spectrum of biological activity similar 
to progesterone whereas the other 
group of orally active progestational 
compounds related to 19-nortestos- 
terone have a different spectrum of 
activity; these latter compounds, as 
well as oestrogens, were ineffective in 
inducing blastokinin. 

The relation between steroid struc- 
ture and blastokinin induction merits 
further investigation because the 
inducing effect of some of these 
steroids may be related to their con- 
traceptive action. It is now recognised 
that the hormonal! contraceptives owe 
their high efficacy to effects at a 
number of sites in the reproductive 
process and contraceptive efficacy can 
be obtained with doses of synthetic 
steroids which do not inhibit ovula- 
tion. Arthur and Chang suggest that 
administration of steroids during the 
pre-ovulatory phase of the cycle may 
change the uterine environment by 
induction of specific uterine proteins 
so that it will no longer support em- 
bryonic development and/or implanta- 
tion. Furthermore it might be possible 
to develop compounds which have this 
effect but which would be without. the 
adverse side effects associated with 
some of the hormonal contraceptives 
currently ised. The idea is attractive 
but so far blastokinin has not been 


demonstrated in humas uterine fluid. 
o 


691 


The topologist 
meets the biologist 


from a Correspondent 


A MEETING on May 21-24 organised by 
the Mathematics Institute of the Univer- 
sity of Warwick and sponsored by the 
Science Research Council was intended 
to initiate a dialogue between biologists, 
mainly in embryology and neurophysio- 
logy, and specialists in differential 
topology and dynamical systems. 

The possibility of such a dialogue 
owes much to the efforts of C. H. 
Waddington (University of Edinburgh), 
R. Thom (Institute des Hautes Etudes 
Scientifiques, Paris) and E. C. Zeeman 
(University of Warwick). Waddington 
has for many years stressed that topo- 
logy is a natura] language for develop- 
mental biology. Thom sees his 
catastrophe theory as an essay towards 
an algebra of morphology. enriching 
the range of our ways of describing and 
classifying forms. His talk at the War- 
wick meeting was euphoric, aphoristic, 
enthralling and exasperating In turns. 

Zeeman has taken on the task of con- 
vincing biologists, by means of concrete 
applications to problems they see as 
important, that catastrophe theory can 
be predictive. The reaction to his talk 
on amphibian gastrulation suggested 
that a fruitful dialogue has begun. A 
sequence of talks on development—by 
P. D. Nieuwkoop (State University of 
Utrecht), D. Ede (University of Glas- 
gow), J. Cooke (National Institute for 
Medical Research, Mill Hill). J. Lewis 
(Middlesex Hospital Medical School, 
London) and P. Shelton (University of 
Leicester)—could have left the mathe- 
maticians in no doubt about the fascina- 
tion and complexity of the regions into 
which they are venturing. 

At other points the meeting turned 
more to debate between biologists, 
notably in a marathon session on hard- 
ware and software in perception, in- 
volving principally D. Marr (University 
of Cambridge), W. R. Adey (University 
of California, Los Angeles) and D. 
Sunday (California State University). It 
seemed that the brain is not ready for 
the topologists or that they are not 
ready for the brain. 

One session was devoted to problems 
in which differential equation models 
have traditionally been used. Handling 
solutions of coupled ordinary differen- 
tial equations as trajectories is an 
essentially topological procedure. So it 
seems very likely that the power and 
scope of models for interacting animal 
species,, chemical oscillators and circa- 
dian rhythms can be greatly extended. 
In this session A. Winfree (Purdue Uni- 
versity) revealed how illuminating it 
can be to apply topological reasoning 
to circadian rhythms and to travelling 
waves in chemical reactions. 
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Convection in a 
layered mantle 


from Peter J. Smith 
Geomagnetism Correspondent 


SEISMIC data have revealed that the 
Earth’s upper mantle contains several 
discontinuities in density and seismic 
velocity, the most prominent of which 
lies at a depth of about 650 km. But 
what constraints does the existence of 
such discontinuities place on the form 
and magnitude of the convention cur- 
rents which are believed to share the 
same region of upper mantle space? 
The full*answer to this question would 
depend on a complete knowledge of the 
nature of the transitions producing the 
discontinuities—a matter which is far 
from being resolved. Insofar as the 
discontinuous changes in physical 
properties are due to mineralogical 
phase transitions they are relatively 
well understood; and their effect on 
convection is probably quite small. 
Richter (Rev. Geophys. Space Phys., 
11, 223; 1973), for example, has shown 
that the Rayleigh-Benard convection 
driven solely by unstable vertical 
temperature gradients, the presence of 
the olivine—spinel phase transformation 
does not alter the structure of the flow 
and produces a roughly two-fold in- 
crease in steady amplitude. But if, in 
addition, chemical changes are in- 
volved, the problem changes because 
the position of the critical boundary 
will depend not on state parameters but 
on advection. 

The question of whether or not the 
mantle is chemically inhomogeneous is 
still a matter of debate, although there 
must be a strong presumption in its 
favour. Press (in The Nature of the 
Solid Earth, McGraw-Hill, 1972), for 
example, investigated bulk sound velo- 
city as a function of density for a set 
of Earth models obtainéd using Monte 
Carlo techniques and concluded that 
an offset in the velocity—density plot 
near the 650 km phase transition repre- 
sents an increase in the Fe/Mg ratio. 
Several other workers have reached 
similar conclusions, although such 
agreement is not necessarily as impres- 
sive as it seems because there are known 
to be certain problems associated with 
the determination of mean atomic 
weight using bulk velocity—density data. 
Moreover Wang (J. geophys. Res., 75, 
3264; 1970) has shown that it is pos- 
sible to find an Earth model with a 
chemically homogeneous upper mantle 
which is quite consistent with free 
oscillation data. Anderson and Jordan 
(Phys. Earth Planet. Interiors, 3, 23; 
1970), on the other hand, support iron 
enrichment of the lower mantle using 
several methods which are apparently 
not open to the objections directed at 
bulk velocity-density systematics, 


In summary, then, chemical] strati- 
fication in the upper mantle, though not 
proven, is highly likely; and so it is 
important to investigate what effects 
such layering is likely to have on con- 
vection processes. Richter and John- 
son (J. geophys. Res., 79, 1635; 1974) 
have now attempted to do this by 
analysing the stability, to heating from 
below, of a system comprising two 
immiscible fluid layers of different 
density separated by a boundary which 
will be advected by the flow. What 
emerges from the fluid dynamical 
analysis is a stability diagram for the 
system showing the critical Rayleigh 
number (that is, the critical value of 
the normal Rayleigh number, Re) for 
the most unstable mode as a function 
of R,, the Rayleigh number based on 
the density contrast between layers. In 
other words, the stability diagram is a 
curve in RR, space which separates 
the stable region below (towards lower 
Ra, Ro values) from the unstable region 
about (towards higher Ra, R, values). 
In this context, stability means that at 
a given point in Ry-R, space all per- 
turbations decay with time. 

For R, lower than about 5x 10°, the 
most unstable mode is a standing 
oscillation on the interface between the 
two layers (overstable mode); and once 
the oscillatory motion begins, the fluid 
never returns to a state of total im- 
mobility. This overstable regime only 
exists within a very narrow band of 
R. values, however, suggesting that its 
occurrence is not very probable. Below 
this band (lower Ra) the system is 
stable, but above it (Ra higher than 
about 10% direct convection throughout 
the entire depth of fluid (that is, 
throughout both layers) becomes pos- 
sible. If such convection were actually 
to take place it would, of course, 
destroy the original chemical layering; 
conversely the persistence of a chemi- 
cal boundary precludes total-depth con- 
vection. For R, higher than about 
5X10" the situation is quite different. 
In this region the most unstable mode 
comprises separate convection within 
each layer and is thus independent of 
the density jump across the boundary 
between the layers. The stability curve 
separating the stable and unstable 
regions in Ru-Rp, space is now parallel 
to the R, axis, and so the stability or 
instability of the system depends only 
on the value of Ra. 

These results place important bounds 
on acceptable Earth models. If the 
overstable mode is ruled out as im- 
pgobable, for a model in which Rp is 
lower than 5X10° the occurrence of 
convection is consistent with the con- 
: g . 
tinued presence of a chemical bound- 
ary because the convection would cross 
the boundary. and chemicafly homo- 
genise the system. Thus in a model in 


which both cosvection and chemical 
+ 
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layering are inferred, Rə must be higher 
than 5X 10*—and in this case there will 
be separate convection within each 
layer. In the case of the real Earth, 
much therefore depends on whether the 
650 km discontinuity is Just a phase 
change or whether it represents the 
combined effect of a phase transforma- 
tion and a chemical change. Assuming 
that a chemical change is indeed 
present and that it involves an increase 
in iron relative to magnesium, several 
authors have calculated that R, would 
be of the order of 10° This clearly 
implies that convention may only occur 
separately above and below a depth of 
about 650 km. 

This result does much to emphasise 
the importance of resolving the prob- 
lem of whether or not the upper mantle 
is chemically inhomogeneous. The con- 
vective motions for seafloor spreading 
are likely to be those in the uppermost 
layer, and the thickness of this layer 
will influence the magnitude of the 
convective cells within it. Richter (Revy. 
Geophys. Space Phys., 11, 223; 1973), 
for example, showed that many of the 
possible flows in the mantle have 
horizontal scales comparable with the 
depth scale. The fact that the depth 
scale may be governed by the presence 
of chemical layering clearly makes it 
necessary to determine whether or not 
such layering actually exists. 


Modeling tide and 
surge interaction 


from J. Darbyshire 


GREAT disasters and natural upheavals 
often provide an incentive for scientific 
research and this has been very true in 
the investigation of storm surges (or the 
extra tides caused by meteorological 
effects). The first such stimulus was 
probably the great Thames flood of 
1928 which led to the systematic record- 
ing of these effects at Southend and to 
work on their prediction at the Bidston 
Observatory near Birkenhead. The 
methods originally used were largely 
empirical and the work of Doodson and 
Corkan was very important during this 
period. 

The next great stimulus was the 
disastrous flooding of the English east 
coast and the Dutch coast during Janu- 
ary 31—February 1, 1953, when many 
lives were lost and many of the Dutch 
dykes were seriously breached. After 
this there was set up at the British 
Meteorological Office, a flood warning 
system which made use of the fact that 
tidal abnormalities on the English side 
of the southern North Sea are usually 
preceded by similar smaller but detect- 
able abnormalities at Aberdeen about 
‘9 h earlier. This would give an even 
longer warning to the continental 
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coasts. The 1953 surge also led to 
a spate of research. Rossiter published 
an article in the Philosophical Trans- 
actions which described very accurately 
the abnormalities at various times at 
all the ports on the circumference of 
the North Sea where tidal records were 
available. These results led to further 
attempts to improve methods of pre- 
diction and I was involved with one of 
them (J. and M. Darbyshire, Proc. R. 
Soc., A235, 260-274; 1956). Hansen of 
Hamburg, on the basis of these obser- 
vations, produced (Tellus, 8, 287-300; 
1956) the first mathematical model 
based on the use of digital computers 
and achieved a very high measure of 
success. The storage capacity of com- 
puters of this period were, however, 
rather too limited to cope with the 
hundreds of equations involved in finite 
difference methods and Ishiguro of the 
National Institute of Oceanography 
devised methods based on an electrical 
analogue of the North Sea which were 
to prove very useful (Storm Surges in 
the North Sea—An Electronic Medel 
Approach, report 4, paper 25 (iii), 
Advisory Committee on Oceanographic 
and Meteorological Research: 1966). 
The research effort in Britain, how- 
ever, was still largely centred at the 
Liverpool Tidal Observatory at Bidston 
(later on to become the Institute of 
Coastal Oceanography and Tides and 
now a part of the Institute of Oceano- 
graphic Sciences) and the lead of the 
late J. R. Rossiter in this field will 
always be remembered. The work was 
extended to river estuaries, particularly 
the Thames, but it soon became evident 
that there was a large interaction effect 
between tide and surge which could 
not be ignored. Proudman had already 
predicted this on theoretical grounds. 
A computer model of the Thames based 
on these considerations was produced 
by Rossiter and subsequently Rossiter 
and Lennon, Models of the North Sea 
had ignored this interaction effect, but 
a new article by Joyce Banks, also from 
Bidston, extends the river model into 
the southern North Sea and allows for 
the effect of tidal interaction (Phil. 
Trans. R. Soc., A275, 567-609; 1974), 
Banks confines the investigation to 
the period of the notorious Hamburg 
surge of February 1962. In the figure 
is reproduced part of one of her dia- 
grams which shows a comparison of 
observed surge effects at various Eng- 
lish ports with predictions based on her 
model both with and without allowance 
for tidal interaction. An examination 
of the results shows that the tidal effect 
is very small in the open sea and the 
only appreciable difference is at Tower 
Pier, The initial negative surge is not 
successfully predicted and this is prob 
ably due to its being causéd by con- 
ditions outside the southern North Sea 
and not accounted for by the model. 


693 





Time variations in wind-induced sea levels of the Hamburg surge at British ports. 
——, Observed residual elevation after removal of the barometric surge; —-, surge 


level £51; computed on the basis of wind and tide; . . 


.., wind surge £; computed in 


the absence of a tide. Times of high and low water of the total predicted tide are 
marked along the abscissae. The vertical line near the peak surge corresponds to the 
time of high water of the computed lunar tide. 


It seems a very far cry from the early 
empirical days to the modern highly 
sophisticated computer, methods, yet a 
prediction of the surge at Lowestoft for 
February 1962, based on my very 
simple formula published in 1956, com- 
‘pares very favourably with that storm 
in the figure and as the formula took 
some account of conditions in the 
northern North Sea, the results do 
show a slight initial negative surge. 
Empirical methods, although very use- 
ful from a practical point of view, do 
not, however, help a great deal to gain 
a fuller understanding of the funda- 
mental processes involved. 


Randomness in 
evolution 


from A. Hallam 
Palaeontology Correspondent 
HISTORICAL events can be studied in 
two radically different ways. Each 
individual event can be considered on 
its own merits, and interpreted® inde- 
endently, or many such events can be 
dealt wifh collectively, with a view to 
formulating general laws. The first type 
of approach can be termed idiographic 


and the second nomothetic. All 
historical events have both idiographic 
and nomothetic aspects, but palaen- 
tologists have traditionally focused on 
the former. With regard to the major 
question of evolutionary diversification 
and extinction of particular fossil 
groups, a wide variety of patterns has 
been recognised, but little success has 
been achieved in attributing these to 
specific causes or in creating general 
models with predictive power. Con- 
sequently several American workers 
have recently adopted the nomothetic 
approach, to test the possibility that 
some aspects of the evolutionary record 
behave as stochastic or random vari- 
ables. Each event may depend on the 
joint occurrence of many underlying 
genetic, morphological, physiological 
and ecological causes but the event 
itself may only be predictable statistic- 
ally, even though it has a conventional 
cause. The analogy of the gas laws in 
physics comes to mind, with each fossil 
taxon playing the part of individual 
gas molecules. 

Van Valen, in the first number of a 
new journal called Evolutionary Theory 
(July 1973), tackled the problem of 
faunal extinctions by applying the 
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survivorship curve technique of popula- 
tion ecology, which is a simple plot of 
the proportion of the original sample 
that survives for various intervals of 
time. The use of a logarithmic ordinate 
ensures that the slope of the curve at 
any given age is proportional to the 
probability of extinction at that age. 
Van Valen’s analyses of numerous taxa 
showed almost uniform linearity in 
the survivorship curves, allowing for 
sampling error. This is rather surpris- 
ing, because it requires that the proba- 
bility of fossil discovery does not 
decrease appreciably with the age of 
the strata, as has been argued by Raup 
in anearticle in Science (117, 1065; 
1972); also because, for living taxa, 
both constant origination and extinction 
rates are implied. Van Valen is led on 
to propose a new evolutionary ‘law’, 
that extinction in any adaptive zone 
occurs at a stochastically constant rate. 
Exceptions to the ‘law’ are considered 
to be either spurious, rare or doubtful. 
He also proposes a new unit to measure 
the rate of extinction, the macarthur, 
named after a well known American 
evolutionary ecologist. 

Raup, Gould, Schopf and Simberloff 
adopt a different approach in the 
Journal of Geology (81, 525; 1973) to 
the more general question of diversifi- 
cation and extinction, by using a com- 
puter to generate phylogenetic diagrams, 
or cladograms. The lineage of each 
clade, or monophyletic subunit, was 
generated by the computer program 
and caused to terminate or branch in 
order to produce a hypothetical phyl- 
ogeny, with the termination and branch- 
ing events being stochastically controlled 
using random numbers. Part of the 
input dealt with the establishment of 
an equilibrium diversity, in accord with 
modern evolutionary theory. The clado- 
grams so produced exhibit a great 
variety of shapes: some underwent 
early exponential increase in diversity 
and then declined gradually to extinc- 
tion (the trilobites); others showed a 
gradual diversity increase followed by 
a rapid extinction (dinosaurs) or passed 
through a near-extinction phase to 
develop a new phase of high diversity 
(ammonites). The average extinct clade 
increases in diversity up to the mid 
point of its stratigraphical range and 
then declines in diversity until extinc- 
tion. When faced with such variation 
in pattern many palaeontologists have 
been inclined to suspect or postulate 
that the organisms in question were 
inherently different in evolutionary 
potential. The observed variation does 
not exclude, but nor does ite demand 
this. Comparison with a real example, 
the fossil record of the reptiles, shows 
good general agreement but also some 
interesting differences. Thus the late 
Cretaceous extinctions showed more 
coincidence between different grdups 


than predicted from the computer 
model. 

It seems therefore that an exceedingly 
simple stochastic model can produce 
branching and diversity patterns very 
similar to those described in the real 
world; also that the taxonomy utilised 
by palaeontologists imposes various 
constraints similar to those used in 
the logic of the computer program. 
The question arises, where does one go 
from here? In the first place palaeon- 
tologists should be even more suspicious 
of any glib deterministic explanation 
of the diversification and extinction of 
any particular fossil group. More 
positively, there is a more sophisticated 
tool for investigating the extent to 
which the coincidence in time of extinc- 
tion of different fossil groups departs 
from randomness. This should be easy 
to demonstrate for the striking mass 
extinctions at the end of the Permian 
and Cretaceous, but what of the other 
geological periods? 


Two dimensional 


rotons 


from Peter V. E. McClintock 
Condensed Matter Correspondent 


A ROTON in a two-dimensional assem- 
bly of helium atoms has a smaller 
energy than a roton in three dimen- 
sions, according to a calculation by 
Padmore of Erindale College, Univer- 
sity of Toronto (Phys. Rev. Lett., 32, 
826; 1974). 

The thermodynamic properties of 
bulk liquid helium below its superfluid 
transition temperature can be under- 
stood reasonably well on the basis of 
a model, due to Landau, in which it is 
assumed that the thermal energy is 
all in the form of a gas of particle- 
like excitations moving through the 
superfluid, which plays the part of an 
inert background or aether. There are 
two main types of excitation: phonons, 
which are quantised sound waves much 
like those occurring in solids; 
rotons, which are peculiar to liquid 
helium and are believed to correspond 
to some sort of stirring motions on the 
atomic scale, such as microscopic vor- 
tex rings. There is, as yet, no agree- 
ment as to the precise physical nature 
of rotons, but their detailed energy- 
momentum relationship, known as the 
excitation spectrum, has been estab- 
lished through neutron scattering ex- 
periments and is consistent to a high 
precision with the measured heat cap- 
acity of the liquid. 

Although attempts to deduce the 
excitation spectrum theoretically from 
first principles for an assembly * of 
weakly interacting helium atoms have 
not been very successful, Feynman and 
Cohen (Phys. Rev., 102, 1189; 1956) 


and 
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managed to derive a spectrum of the 
correct general shape and approxi- 
mately in quantitative agreement with 
experiment, by using quantum mech- 
anics. Their approach involved to a 
considerable extent the use of physical 
intuition to develop a wave function 
able to describe the superfluid back- 
ground, and they then used a so-called 
trial wave function, not specified in 
detail, in order to describe the elemen- 
tary excitations. A variational method 
was used to investigate how the trial 
wave function should be modified in 
order to minimise the energy of the 
whole assembly, and thus discover the 
true wave function from which the ex- 
citation spectrum could then be derived. 
Padmore has extended the Feynman 
and Cohen approach in an attempt to 
derive theoretically the excitation 
spectrum of a two-dimensional (2D) 
assembly of helium atoms. 

Assemblies which are effectively 2D 
occur where one of two atomic layers 
of helium are deposited on a solid sur- 
face. The helium atoms are held in 
place by the attractive Van der Waals 
force which prevents them from mov- 
ing in a direction perpendicular to the 
surface; but they can remain completely 
free to move parallel to the surface. 
Under appropriate conditions of den- 
sity and temperature, such assemblies 
have been shown to form either 2D 
crystalline solids, or liquids, or gases. 
By using, for the substrate, materials 
such as exfoliated graphite or Vycor 
glass which have very large surface 
areas in relation to their volumes, it is 
possible to measure the heat capacity of 
2D liquid helium, and experiments 
have shown that the heat capacity 
appears to be anomalously large. A 
possible explanation lies in the idea that 
rotons can still exist in a 2D assembly, 
but with smaller energies than they 
have in 3D. A neutron scattering 
experiment to measure the excitation 
spectrum does not seem possible 
because of the random orientations of 
different sections of the substrate, so a 
calculation of the spectrum is there- 
fore of particular interest. 

The most important conclusion which 
emerges from Padmore’s calculation is 
that the energy of a roton in 2D is 
indeed considerably less than in 3D. 
Although the calculated roton energy, 
is, aS in the 3D case, still somewhat 
larger than would be consistent with 
the measured heat capacity, the change 
in energy in going from 3D to 2D 
seems to be in excellent agreement 
with the relatively few experimental 
data at present available. Padmore also 
reports his calculated characteristics 
for rotons in 2D helium at a number 
of different densities, so no doubt there 
will soon be reports of further experi- 
ments aimed at checking these more 
detailed conclusions. 
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Accurate 
spectroscopic factors 


from Peter E. Hodgson 
Nuclear Theory Correspondent 


DurRING the past ten years the one- 
nucleon transfer reactions have been 
developed into one of the most power- 
ful tools for studying the single-particle 
aspects of nuclear structure. Among 
these the (d,p) reaction thas been most 
widely used, but extensive studies have 
also been made using (d,n), (p,d), (d,t), 
(djh) and many similar reactions that 
either add a proton or neutron to or 
remove one from the target nucleus. 

As a typical example, consider the 
(d,p) reaction on “Mg. The incident 
deuteron interacts with the “Mg target 
and deposits a neutron in one of the un- 
occupied neutron states, and the remain- 
ing proton goes on alone. At lower 
energies this process can take place by 
absorption of the deuteron to form a 
compound nucleus followed a long 
time after by proton emission, but at 
higher energies the direct process that 
takes place in a time comparable with 
the time taken by the deuteron to cross 
the target nucleus predominates to such 
an extent that the compound nucleus 
process is negligible. 

The differential cross section for this 
direct (d,p) reaction can be written as 
the product of two factors, one depend- 
ing only on the structure of the nuclei 
involved and the other only on the re- 
action mechanism: 

[do /d&] = Sy, Faz (6,E) 

All the dependence of the cross section 
on the angle of emission @ of the proton 
and on the incident deuteron energy E 
is contained in the reaction factor For 
(6,E), and this can be calculated by the 
distorted wave theory. These angular 
distributions are in general characteris- 
tic of the total quantum number J and 
orbital angular momentum quantum 
number L of the state entered by the 
captured neutron so that comparison 
between the observed angular distribu- 
tion and those calculated for various J 
and L enable these quantum numbers 
to ‘be determined, and these give the 
spins of the corresponding states of 
“Meg. 

The spectroscopic factor Sj, is a 
measure of the single-particle strength 
of the neutron state and is given by the 
ratio of the measured cross-sections to 
the calculated value of the Fyz (6,E). 

The analysis is thus able to give the 
quantum numbers and the single- 
particle strengths of all the nuclear 
states of **Mg reached by the reaction. 
Numerous analyses of nuclear states in 
all stable nuclei have been made with 


this technique, and it is one of our’ 


main sources of information on nuclear 
structure. The main limitations to this 
method are, first, that it is not always 


possible to determine J and L and, 
second, that the uncertainties in the 
distorted wave theory make the spectro- 
scopic factors uncertain to about 20%, 
even in the best circumstances. 

A new method of analysing one- 
nucleon transfer reactions ‘has now 
been proposed by C. F. Clement of 
Harwell (Nucl. Phys., A213, 469 and 
493; 1973) and used to obtain more 
reliable J,L and more accurate spectro- 
scopic factors. This method depends on 
the j-dependent sum rules that relate 
the spectroscopic factors of the re- 
actions that remove a neutron (or pro- 
ton) from a nucleus to the spectro- 
scopic factors for the corresponding 
reaction that adds a neutron to the 
same nucleus. The j is the total angular 
momentum of the transferred nucleon. 
These sum rules provide a rigid set of 
equations that must be satisfied by the 
spins of the final states and by the spec- 
troscopic factors of the corresponding 
transitions. 

These sum rules must be distin- 
guished from the more familiar J- 
dependent total sum rules that relate 
the spectroscopic factors to the total 
single-particle strengths of the states. 
The j-dependent sum rules provide 
additional constraints on the spectro- 
scopic factors only if the spin of the 
ground state of the target nucleus is 
different from zero; if it is zero they are 
the same as the total sum rules. The 
method is thus applicable only to nuclei 
with ground state spins different from 
zero. All these sum rules were derived 
long ago by J. P. French, but it is only 
recently that they have been applied to 
nuclear structure analyses. 

Clement and Perez (Nucl. Phys., 
A213, 510; 1973) have now applied this 
analysis to the reactions (d,t) and (d,p) 
that remove neutrons from or add,them 
to the states of “Sc with spin 7/2. The 
sum rules give a set of eight equations 
connecting sixteen sums of spectro- 
scopic factors for stripping and pick-up 
to states of different spin. The measured 
spectroscopic factors satisfied these 
equations to an acouracy of 4% in rela- 
tive magnitude and 10% in absolute 
magnitude. Several additional spin 
assignments to states of the residual 
nuclei “Sc and “Sc were made by this 
analysis. 

An important problem in all analyses 
of single-particle states is the fraction 
of the strength that is far removed from 
the main concentration. Clement and 
Perez find that it would be difficult to 
maintain their fits to the sum rules if 
more than 10% of the total is in the 
continuum. Thus nearly all the £7/2 
strength is concentrated in a limited 
energy region; this is an importanf con- 
clusion for the ‘basic single-particle 
model of nuclear structure and sup- 
ports the validity of the distorted wave 
theory. e 
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Subsequently Clement and Perez have 
applied the sum rule analysis to other 
nuclei and have still further reduced the 
uncertainties in the absolute spectro- 
scopic factors. This is clearly a tech- 
nique of great power that can provide 
valuable information on nuclear struc- 
ture and stringent tests of the present 
techniques for obtaining It. 


Fitting the 
flower to the bee 


from a Correspondent 
Wira the increasing use of ke hybrids 
in insect-pollinated agricultural crops 
and vegetables, special methods have 
to be devised to get enough effective 
pollinating insect visitors to achieve 
the complete cross fertilisation that Is 
necessary. At the Third International 
Symposium on Pollination organised 
in Prague from May 15-18 by the In- 
ternational Commission for Bee Botany 
of IUBS, the Bee Research Association 
and the Academy of Agricultural 
Sciences and other bodies in Czecho- 
slovakia, examples discussed included 
red clover, lucerne, field bean, melon 
and cucumber. A detailed knowledge of 
floral biology, pollen and nectar pro- 
duction, and their composition is 
needed; for instance, Ing. H. Haslbach- 
ova (College of Agriculture, Brno) re- 
ported success in increasing pollination 
(and hence seed yield) in tetraploid red 
clover by applying growth regulators 
which alter the morphology of the sub- 
sequent flowers in ways which make 
them easier for the bees to work. 

Visitation by bees is necessary for 
good crops of strawberries from some 
cultivars, and L. J. Connor (Ohio State 
University) has found that the number 
of visits a flower receives depends on 
its structure. Flowers with stamens 
short in relation to the receptacle are 
difficult to work and not much visited. 
Unfortunately the first flower on a stem 
(giving the earliest, most profitable, 
fruit crop) has short stamens, even in 
cultivars whose later flowers have long 
stamens. Here the most likely solution 
is breeding plants for floral morphology 
that suits the pollinating bees. 

G. D. Waller (US Department of 


_ Agriculture Laboratory, Tucson), in 


seeking to find out why it is difficult to 
achieve adequate pollination in onion 
seed plots (Allium cepa), found that 
honeybees—the major pollinator—are 
unwilling to forage on the onion 
flowers. The only difference between 
these flowers and others available near- 
by is that the potassium concentra- 
tion of the onion nectar is about 
ten times as high as that of other 
nectars. An _ interspecific hybrid 
Allium cepa X A. fistulosum prO- 
duces nectar with a normal potassium 
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content and is very attractive to honey- 
bees. These results provide the first 
evidence that a minor constituent of 
nectar can significantly inhibit its col- 
lection by honeybees. 

Much less is known about pollination 
in the tropics than in temperate regions, 
though an even higher proportion of 
tropical crops probably depend on in- 
sect pollination. S. E. McGregor (USDA 
Laboratory, Tucson) presented a list of 
120 such crops, belonging to 39 botani- 
cal families. T. Chandler, a Canadian 
currently working at the Forestry 
Training - Institute, Arusha, Tanzania, 
has studied pollination of lucerne by 
the Afgican honeybee Apis mellifera 
adansonii, which has come in for much 
reprobation recently on account of its 
ageressive (or defensive) behaviour. 
This subspecies proves much more 
effective than the European ones at 
‘tripping’ the flower, and thus pollinat- 
ing it, largely because lucerne pollen is 
attractive to them, whereas other 
pollens are, preferred by European 
honeybees. Also, the African honey- 
bees are efficient at detecting which 
florets are at the right stage for trip- 
ping, and thus do not waste time visiting 
those that were too immature. 

Work by Mackensen and Nye on 
breeding Apis mellifera specifically for 
‘collecting pollen from lucerne has now 
been successfully extended to red clover 
by H. Norgaard Holm in Denmark 
(Hojbakkegard, Tåstrup). . 

Since the second pollination sympo- 
sium in London in 1964, commercial 
rearing of certain species of soil-nesting 
and stem-nesting bees has progressed 


beyond all expectation. Reports came | 


of work in Canada, United States, 
France, Hungary, Czechoslovakia and 
other countries. From Poland L. Bor- 
nus and his colleagues (Beekeeping In- 
stitute, Pufawy) brought news of the 
highly successful rearing of bumble- 
bees for pollination, achieved largely 
by careful determination of these bees’ 
preferences at each stage of their 
seasonal cycle. 

In an account of the first 25 years 
of the Bee Research Association at 
Chalfont St Peter, Buckinghamshire, 
Eva Crane reported that a 23-year index 
to research reported in its journal 
Apicultural Abstracts (1950-1972) has 
just been completed. The information 
is stored on magnetic tape, and it is 
hoped to publish it as author and sub- 
ject catalogues, linked to abstracts in 
the journal. The 17,000 publications 
represented include many giving in- 
formation on pollination, and a volume 
Pollination of Seed Crops, based on 
publications reported in Apicultural 
Abstracts, has already appeared. Esti- 
mates of the world value of crops re- 
sulting from insect pollination vary 
from £1,000M to £10,000M a year or 
more, 


Gap junction between 
cells in contact 


from a Correspondent 

ALL cells in tissues and all but two of 
twenty-five cultured cell lines form 
junctions with one another and com- 
municate through these junctions by 
transfer of electrical signals and chemi- 
cal substances (the latter was originally 
termed metabolic cooperation). The 
junctions form extremely rapidly, 
within a minute certainly, and presum- 
ably break just as rapidly. Cells there- 
fore are constantly forming and break- 
ing contacts for metabolic cooperation 
and intercytoplasmic exchange. The 
relevance of such processes to induc- 
tive interactions during tissue differen- 
tiation and embryogenesis makes this 
one of the newest and perhaps most 
interesting areas in biology. The Cell 
Surfaces Discussion Group held a 
timely meeting on May 23 at the 
National Institute for Medical Re- 
search, Mill Hill on the structure and 
function of intercellular junctions. 

The particular consideration of the 
meeting was the gap junction between 
cells in contact, permitting the flow of 
matter across the membranes between 
two cells. E. L. Benedetti (Institute of 
Molecular Biology, Paris) catalogued 
interesting similarities and differences 
between the propagation of an electric 
current between cells and passage of 
chemical tracers. Thus both electric 
coupling and chemical transfer are 
bidirectional and operate across the 
same junction. Some separation of 
these events is implied, however, since 
the former is present in most em- 
bryonic cells, excitable and non-excit- 
able, and there may be some restraint 
of chemical transfer in embryonic 
tissues. ae 

The inability to form gap junctions 
is also seen in some cell lines such 
as L fibroblasts, for example, and this 
is recessive in cell hybrids. Thus, 
heterokaryons with human fibroblasts 
can electrically.and chemically couple 
and revertants that lack part of the 
complement of human chromosomes 
first lose competence for passage of 
chemical markers across the gap junc- 
tion and subsequently the capacity for 
electrical coupling. 

The types of chemicals transported 
across gap junctions is quite wide, 
but, as was emphasised by J. Pitts 
(University of Glasgow), there is an 
upper molecular weight limit of about 
1,000. The flux of a metabolite, such 
as a purine nucleotide, is calculated 
tf be about 10%-10° molecules s~ 
acrdss the gap junction, that is about 
equivalent to the Eschérichia coli 
chromosome. ‚The capacity *of mouse 
fibroblasts to form gap junctions may 
not be lost irredrievably and it is pos- 

o 
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sible to select for ‘revertant’ cells that 
form junctions, but not as efficiently 
as say BHK cells. 

E. Wright (Institute of Virology, 
University of Glasgow) described ex- 
periments that set out to isolate BHK 
cell mutants incapable of forming 
competent junctions. The basis of the 
selection is to cocultivate BHK wild 
type cells with a thymidine kinase 
negative mutant and BUdR and to 
isolate cells which survive ultraviolet 
irradiation. Interestingly, although 
these mutants (AMfec”) as expected are 
extremely poor recipients of thymidine 
from a BHK wild type cell population, 
metabolic cooperation can be estab- 
lished if a purine marker such as 
adenine is used so that there seems to 
be discrimination between the passage 
of two nucleosides across the gap 
junction. 

As both Pitts and Wright agree, the 
idea that the many metabolites cap- 
able of passage across the gap junction 
may require independent transport 
processes is extremely difficult to re- 
concile with the evidence that purified 
gap junctions appear to contain rela- 
tively few proteins. For example, 
W. H. Evans (National Institute for 
Medical Research, Mill Hill) finds one 
major protein of molecular weight 
29,000 in fractions of mouse liver 
plasma membrances enriched in gap 
junctions. Similar results were reported 
for synaptic junctional complexes by 
I. Morgan (Centre de Neurochemie, 
CNRS, Strasburg) and <A. Matus 
(University College, London). The 
most common method of preparation, 
however, involves detergent solubilisa- 
tion of the non-junctional areas of 
membrane and it may be that some 


dissolution of junctional membrane 


components may also take place. 

The mechanism of formation of gap 
junctions remains obscure. Since junc- 
tions can form in the absence of pro- 
tein synthesis, pre-existing membrane 
proteins are, utilised. The junctional 
areas, however, are clearly different- 
iated from the rest of the membrane 
by the absence both of typical enzyme 
markers such as -nucleotidase and 
leucyl napthylamidase and most of the 
plasma membrane proteins and glyco- 
proteins. It must be assumed, there- 
fore, that the initial events in junction 
formation requires the clustering of 
specific junctional proteins by lateral 
diffusion in the surface membrane. . 

The association of cytoplasmic con- 
tractile elements with gap junctions 
now seems established. One supportive 
result is the probable identity of an 
actin-like protein in preparations of 
mouse liver gap junctions. The role 
of these elements in formation main- 
tenance and function of the gap 
junction, however, remains to be 
elucidated. 
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energy review 





How Britain is facing 
the energy problem 


“Our energy strategy must be flexible, balancing between 
different fuels and different sources, steering between 
overcaution and recklessness.” Mr Eric Varley, Secretary 
of State for Energy, gives his view of the situation. 


Tuis edition of Nature devoted to energy matters is very 
timely. The problems which we face in this field are 
complex and far-reaching and, as Secretary of State for 
Energy, I am concerned that they should be as widely 
understood and thought about as possible. My department 
was set up in the midst of crises and its first six months 
have inevitably been preoccupied with the transition to 
greater stability. But we are now tackling the problems— 
many of them pressing—of the longer term. Public dis- 
cussion of the problems involved is very important, par- 
ticularly among scientists and technologists whose 
contribution to their solution can be very great. 

The broad context of these problems is familiar. Con- 
sumption of energy on a large scale is part of the fabric 
of our society. Last year Britain consumed the equivalent 
of 342 million tons of coal,’ with oil (159 million tons of 
coal equivalent) and coal (131 million tons) the largest 
components: and in the past every extra 1% of GDP has 
been accompanied by increased energy consumption 
equivalent to about two million tons of coal. We have to 
plan far ahead to continue to meet these needs as securely, 
flexibly and cheaply as possible in a way which allows 
continuing economic growth. But whereas our consump- 
tion patterns reflect past access to cheap and plentiful 
supplies of energy, we must now accept that energy is an 
expensive commodity; that more active policies are needed 
nationally and internationally to achieve security and 
availability; and that much more attention needs to be 
paid to the way we use our energy, cutting out waste and 
improving efficiency. 


Coal and oil 


Development of our indigenous resources must be a key 
factor in our strategy. It is already apparent that these 
resources are very substantial and that, though we still 
do not know their full extent, they can make a very major 
contribution to our energy supplies and, more broadly, to 
the strength of our economy. But there is a wide range of 
important and testing problems to be solved in bringing 
them forward and in making the best possible use of them. 

We have much the biggest coal industry in western 
Europe, despite its decline during the past decade or so, 
and the new energy situation has completely altered the 
framework in which its future is planned. It is already 
clear that coal must remain one of the main foundations 
of our energy policy and that the industry can look 
forward to a sure future. But a lot of work has to be done 
to ensure that its contribution is made most effectively. Just 
holding annual production from deep mines at its present 
level of around 120 million tons—and I hope to go above 


that if possible—will be a major task. One of my first acts 
on coming into office was therefore to announce the setting 
up of a full scale examination—involving government, the 
unions concerned, and the National Coal Board—of the 
contribution which coal can best make to Britain’s future 
energy requirements and of the steps needed to secure this 
contribution. Good progress has been made and we hope 
we will have made an interim report by the end of this 
month. - 

Then there are all the resources of the North Sea. North 
Sea gas already supplies 90% of our gas consumption; and 
North Sea oil offers the prospect of a completely new 
source of oil supply, with all the advantages that that 
implies in the present world energy situation. It also offers 
us challenges, both in its development and, having brought 
it ashore, in making the best use of it. Nowhere else in 
the world has oil been brought up from these depths in 
these conditions, and great technological and engineering 
skill has to be brought into play to make sure that develop- 
ment proceeds as fast as possible. I am concerned not only 
to see that this feat is carried through successfully but also 
to develop policies which will ensure that oil and gas from 
the Continental Shelf are exploited in such a way as to 
confer maximum benefit on the community, particularly 
in Scotland and the regions elsewhere in need of 
development. 


Nuclear prospects 


Another major and difficult area is nuclear policy. 
Studies in depth and extensive deliberations about nuclear 
reactor choice have been in hand literally for years, with- 
out any clear consensus emerging. It is certainly an area 
of great technological complexity where the issues are not 
at all easy to weigh up. At the time of writing I have not 
come to, or announced, any decision. But I would stress 
that it is clear that there is no ideal solution. 

The implications of the new energy situation are of 
course far reaching and certainly not confined to the 
problems of developing indigenous resources and nuclear 
power, and planning to meet long term demand. Many 
other issues are involved. One which I believe will, and 
must, increasingly impinge on the lives of everyone is the 
conservation of energy in the sense of cutting out unneces- 
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_ sary cousumption and improving efficiency in use. Energy 
is now an expensive commodity and this fact alone will 
bring home to many people the need to use it thriftily. 
But the government has a role to play too, and this is 
another area where I want to do what I can to speed up 
and encourage adaptation to the new energy situation. 
In every one of the areas which I have mentioned the 
role which science and technology must play is of great 
importance, in many instances fundamental. Indeed it is 
no exaggeration to say that science and technology must 
provide the key to the longer term future. And, because 
of the time scales involved, we have to be very farsighted 
in our approach. Well directed and effective decisions on 
research are therefore an essential part of energy policy. 
There can be no doubt that the main thrust of research 
and development on energy in this country must continue 
to be neclear, looking towards the fast breeder reactor and 
then, we hope, towards the very long term prospect of 
controlled nuclear fusion as an energy source, Nuclear 
technology is by far the most promising avenue to pursue, 
in terms of meeting the energy needs both of the United 
Kingdom and of the world as a whole. We are therefore 
investing substantial sums in the nuclear field and are 
actively seeking international collaboration to ensure rapid 
advance at minimum cost. I recognise the misgivings which 
some people have about the safety of nuclear power. It is 
a matter to which I attach the greatest importance and I 
recognise my responsibility to uphold the very high safety 
standards which have been established in Britain. 


Other possibilities 
Nuclear power is not of course the only possible option. 
Readers of the technical press will be familiar with a wide 
range of other possibilities being championed: for instance 
‘natural’ sources, using energy from the Sun, tides, wind, 
waves and geothermal heat. But the development costs of 
these different technologies are likely to be high. We 
already spend more than £100 million each year in the 
United Kingdom on energy research and development, and 
we do not have unlimited resources. Moreover we should 
not feel that the United Kingdom .must develop every 
technology for itself; in many cases international collabora- 
tion makes good sense and in some cases the best course 
may even be to import the developed technology. 
Engineers and scientists in my department have 
examined the whole range of these other technologies in 
the energy sector which we might back, and, in collabora- 
tion with other departments, they have made detailed 
studies of the most promising options. They have paid 
attention to the possible scale of each technology in 
relation to our energy needs, the cost and time for develop- 
ment, and the possibility of successful exploitation, as well 
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as to the ‘likely impact on the environment. Their con- 
clusion has been that none of the various possibilities 
shows sufficient promise to warrant large scale investment 
in research and development at this stage. It has to be 
remembered that many of these new sources would be in 
competition with nuclear power, as a source of electricity, 
and not with fossil fuels; so that their attractiveness in 
economic terms is not affected one way or the other by 
the rise in oil prices. 

Nevertheless, this is an area where assessment is a con- 
tinuing process. I have, for instance, felt that some further 
work on recurring energy is warranted as a form of 
insurance policy and I have accordingly commissioned a 
more detailed study of the prospects of extracting energy 
from sea waves: wave power is not expected to compete 
economically with nuclear power but it is an energy source 
particularly suited to the United Kingdom, with sur- 
prisingly large potential. I have also recently set up a 
team of scientists and engineers at Harwell to examine the 
many technological options and to ensure that our con- 
clusions are soundly based. J recognise the importance to 
‘our future energy supply of getting these conclusions right. 

We must adopt a quantitative approach to the big and 
far reaching decisions that have to be taken over the whole 
field of energy. Primary weight has to be given to the 
normal economic tests; energy is not the only scarce 
resource and an economic appraisal—provided we use 
realistic prices and, where necessary, take account of 
resource costs—enables resources of many different kinds 
to be weighed in the same scales. We know, of course, 
that these tests never tell the whole story. The calculations 
are only as good as the assumptions on which they are 
based. And we must have at the back of our minds other 
more nebulous considerations; with some, like security 
of supply, satisfactory quantification may be difficult, and 
with some, like the needs of future generations for energy 
supplies, it may be virtually impossible. But we must take 
the best account of them we can,. while bearing in mind 
that, if we do decide to go down paths other than those 
indicated by the economic tests, we must be clear we are 
doing so for good and sufficient reasons. 

Finally we must face the problem of taking decisions 
involving very long time scales. Over a long period the 
whole framework can change radically. On occasions it 
may change abruptly, as it did for oil last October, We 
are, therefore, very much in the business of risk taking. 
Not only can we not. be sure that we have the answers, 
we cannot even be sure that we know the problems. It is 
for these reasons that our energy strategy must be flexible, 
balancing between different fuels and different sources, 
steering between overcaution and recklessness. However 
much any of us may think that we have the right answer, 
we cannot know for sure. 








Towards rational energy policies 


Lord Robens 


Vickers House, Millbank Tower, Millbank, London SW7P 4RA, UK 





“It is nonsensical to treat coal, gas, electricity, oil and 
nuclear energy as separate fuels*without regard to the overall 
needs of Britain, and that is what has happerted up to now. 
We should set up a National Fuel and Power Council to 
develop a coordinated and comprehensive policy for alle the 
industries concerned”. | 





It was in 1957 that I was involved with a small group ot people, 
including some distinguished scientists, in having a look at, 
amongst other things, the future policy for energy for the United 
Kingdom. We had,then, of course, no knowledge of what was 
going éo come ‘nearly twenty years later, but we did make 
that declaration and nothing that has happened since has 
shaken my belief in it. In fact the recent events in the Middle 


vo 
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East, which brought the western world almost to its knees and 
certainly quadrupled the price of oil, has strengthened my 
conviction of the importance of a permanent Energy Commis- 
sion; its terms of reference today should be to make the United 
Kingdom completely independent of energy supplies from 
abroad at the earliest possible date. 

North Sea gas and North Sea oil, which will begin to come 
into Britain very shortly, are additions to the other available 
energy sources that we have, the main one of course being coal, 
with nuclear power moving up. It is now generally accepted 
that the rundown of the coal industry during the 1960s was a 
grievous error. We made ourselves more and more dependent 
on outside sources for our energy requirements and not only 
handed over to the Middle East oil-producing countries control 
of our industrial production, but added considerably to our 
balance of payments problem. We now have the opportunity 
of complete independence and excellent energy export pros- 
pects. But this has to be carefully planned, because the relation- 
ship between coal, nuclear power, North Sea gas and North 
Sea oil should be so arranged as to maximise the life of oil and 
gas, while the opportunity is provided for nuclear power to 
make a gradual increase to the energy requirements of the 
nation. 

First, I believe we must begin with the coal industry and 
ensure that its size is no longer dominated by the price factor, 
which determined its future from the latter part of the 1950s 
to date. 


There should be established a target output for coal for the 
next 20 to 30 years. Coal production means Jong term planning. 
There is not only the question of planning the exploitation of 
the reserves and the constant replacement of the reserves to 
make good the annual extraction, but also the much more 
difficult and sensitive problem of planning for manpower 
requirements over several generations ahead. This involves 
immense human problems and social problems and cannot be 
adequately planned unless there is a guaranteed annual output. 

There are two things that are absolutely essential if one is to 
Maintain energy independence for all time—energy planning 
independent of Whitehall and international research on energy 
resources. The present method of planning by the Civil Service 
within a department is hardly likely to succeed. There must be 
serious doubts about the efficacy of the present machinery in 
Whitehall for resolving the kind of problems that emerge 
when one is considering four suppliers of energy, and the 
contribution that each have to make over the years ahead, and 
the life expectancy and economics of each of those sources of 
energy. If the government were wise, it would set up an Energy 
Commission right away to oversee the whole energy field and 
be responsible for advising ministers on Strategy and tactics. 
If the Department of Energy decides to produce an energy 
policy from its own resources, it will assuredly fail as miserably 
as its predecessor failed with the Energy White Paper of 1967. 
The resources of the ministry are inadequate to do the enormous 
task of this long term planning. 


The Civil Servants concerned with the writing of the 1967 
policy are no longer there to face the consequences of the 
impotence of the 1967 White Paper. Some are retired, some are 
engaged elsewhere. The Civil Service approach to problems 
lacks continuity, and this is an inadequate approach. No ad hoc 
consideration can possibly perform the task of a continuing 
review. What is needed is an Energy Commission, whose task 
it would be to advise the government on energy policy and 
undertake comprehensive studies. The commission would be a 
continuing authority, staffed by experts in fuel economics and 
the specialist technologies. The commission, having no par- 
ticular axe to grind, would be able to produce objectively an 
energy policy planned entirely in the national interest. It would 
do the total sum, taking into account all the knowledge now 
available as to the quantities of indigenous *gas, oil end coal, 
and the expected contribution of nuclear power. 


It would be able to ensure that capital investment was 
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directed into those channels of energy development that would 
give the best return in national terms, rather than in a narrow 
advantage of one fuel over another. The infighting between the 
publicly owned energy industries would cease, as their place 
in the energy pattern would be properly established. Only an 
independent Energy Commission, in my view, would get the 
juxtaposition of coal, gas, electricity, oil and even nuclear energy 
about right. In an imperfect world, we cannot expect perfection 
although we can strive towards it; but like everything else, 
striving without the right tools would be a near hopeless task. 
An independent Energy Commission would be the right tool 
to do the job. There can be no doubt that such a commission 
would be able to create the plans and oversee the direction of those 
plans so as to provide the United Kingdom with independent 
sources of energy by the early 1980s. 

The second very important approach must be to endeavour 
to secure an international research team into energy resources. 
Some time ago President Nixon set out on this (fail, but I 
think failed because he invited too many countries to be 
involved. What I think is important is to set up an International 
Energy Council, whose purpose would be to mobilise the neces- 
sary teams for research. The object of the international research 
team would be to examine the possibilities of solar heat, oil 
and gas from coal, and oil from oil shale and tar sands. In these 
areas lie vast quantities of energy and although a good deal 
of the technology is already known, and makes a good starting 
point, a substantial amount of extra research work is required 
which is both costly in money and requires a very large group of 
fuel scientists and technicians. There is already a wide variety 
of work going on in Britain and in America to devise new 
routes for synthesising chemicals, oil and gas from coal. 
Research work in Britain has been concentrated on the deve- 
lopment of the solvent extraction of coal and on digest extracts 
primarily as a route towards producing low volumes of high 
value and specialised products from coal. In America the basic 
theme of this work has been to apply solvent extraction and 
existing hydrogenation and other refining techniques to the 
synthesis of crude oil and natural gas as bulk sources of energy 
of raw materials. 

These differing approaches have been dictated by the rather 
different relative economics of the coal and oil industries on 
either side of the Atlantic and by markedly different views 
about the security of petroleum supply. 

Twenty-five years ago American energy planners had grasped 


. the significance of the imbalance between gas and oil consump- 


tion and reserve availability. Historically the route towards 
chemicals and gas from coal has lain in coking. A typical feature, 
however, of traditional gas production from coke is the low 
calorific value—about 600 BTU per cubic foot—of the resultant 
product. Further notable features were the need for gas and 
coke markets to be in volume balance, and the highly fragmented 
localised nature of the coke-based gas-making industry enforced 
by maximum economic sizes of coke production units. In 
contrast, the discovery of natural gas has created a demand 
for gas of high calorific value, rich in methane, distributed from 
a relatively small number of sources through a trunk pipe line 
system. 

As the years of North Sea gas begin to tail off, some quarter 
of a century from now, and where the demand for gas increases 
beyond economic production rates from North Sea sources, 
it will be necessary to synthesise what the Americans so aptly 
call pipeline gas, which can be blended in with North Sea 
supplies. 

Already then we can see by an examination of the research 
work of the United States, and what is being done in Britain, 
that there is a great area of common knowledge and certainly 
a unified desire to retain energy independence. I believe, there- 
fore, that it $ highly important to press hard for international 
research work in these fields. There can be no doubt that the 
research scientists on both sides of the Atlantic will reach con- 
clusions far quicker by working together than if they work 
independently. 
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The summary of my conclusions is, therefore: 
@ To reach complete independence for energy at the earliest 
possible date, and certainly not later than the early 1980s. 
@ To have an Energy Commission to advise the government 
on the way in which this objective can be achieved. 
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è To seek the greatest measure of international cooperation on 
research into the whole field of energy resources and energy 
uses in order to ensure that, despite the increase in energy 
demands year by year, world requirements of energy will be 
readily available. 








North Sea oil in a world context 


Frank“Howitt 


The British Petroleum Company Limited, Britannic House, London EC2Y 9BU, UK 





Dr F. Howitt, of BP, assesses the oil and gas reserves 
which Britain can expect to exploit from the waters 
around its coastlines. Although supplies are limited, 
there seems to be some room for optimism: even if no 
more oil is discovered there may still be a small supply 
at the beginning of the next century. 


Despire the fact that not a drop of indigenous regular 
production oil has reached UK shores from the North Sea, 
many people, myself included, are counting chickens. I want 
to put the results which have been obtained so far into the 
context of the present and potential production of the rest 
of the world. My statements and predictions are based on 
information collected by myself and my colleagues in the 
- British Petroleum Company Limited. 

Our conception of the general geological framework of 
the North Sea area is illustrated in Fig. 1. This shows the 
basins of sedimentation which developed after peneplanation 
following the Variscan orogeny (at the end of Carboniferous 
times) and which played the major role in providing the 
source and reseryoir potential for most of the oil discovered 
so far. A conceptional cross-section illustrating strati- 
graphical succession, with major structural elements, relative 
thicknesses and current exploration ‘plays’ is shown in 
Fig. 2. Only very major faults and folds are illustrated, and. 
Zechstein salt movement is idealised. The section is, how- 
ever, drawn to scale particularly through chosen boreholes, 
although there is a vertical exaggeration of 60. The line of 
section 1s meant to go up the central median region, but in 
order to. show major oilfield types it has ‘been necessary to 
offset in places. 


Occurrence of reservoirs 


Despite the heavy exploration effort, during which 275 
boreholes have been sunk since 1965 in the southern North 
Sea Basin, and the consequent discovery of some 42x10” 
cubic feet of gas reserves, discoveries continue in the 
` Permian Rotliegendes Sandstone. This is the same reservoir 
as that in the Leman Bank Field’. The gas is probably 
derived from the carbonisation of the coal in the underlying 
Coal Measures’, and the structures are mostly sealed by 
overlying Zechstein salt’. One major gas discovery—the 
Hewett field—produces gas from two levels of Trias sands, 
in a structure that provided no seal at Zechstein level for the 
escaping Carboniferous gas. Naturally, the development of 
Rotliegendes sand facies to form the pre-Zechstein reservoir 
is a crucial general factor. Glennie‘ has argued plausibly 
that the reservoir sand fiormed essentially as a result of 


wind deflation of alluvial fans which spread northwards 
from the Variscan mountains. 

Drilling in the northern North Sea Basin (about 200 
exploration wells since 1969) has shown that three major 
‘plays’ exist. The first is in the BP Forties Field, where there 
is oil in the Palaeocene sandstones". This also seems to be 
the case in the nearby Montrose Field. Gas and condensates 
reportedly has been found also in the Tertiary sandstones 
of the Frigg, Heimdall and Cod Fields. The second ‘play’, 
which was the first to be discovered, is oil from the domed 
and fractured Upper Cretaceous and Danian chalks in the 
Ekofisk group of fields in Norwegian waters’, and in the 
Dan Field in Danish waters. The third ‘play’ is oil from 
both the Jurassic sandstones in the far northern waters, 
where the Brent Field was the first discovery, and apparently 
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Fig. 1 Sedimentary basins around the British Isles, and the 

North Sea geelogical framework since the end of Carbon- 

iferous times. a, Stable pre-Permian areas; b, major faults; 

c, thrust faults; d, oil fields; e, gas fields; f, line of section 
of Fig. 2 
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from the Moray Firth Basin, where Piper Field has been 
discovered. A further but smaller series of fields seem to 
be associated with older Palaeozoic rocks where they come 
into contact with unconformable Cretaceous rocks. 

One striking fact revealed by the map of the location of 
all these oil discoveries, is that they lie within, or close to 
the edge of, the central, down-faulted area. The fault system 
is more complex than the simple graben representation 
(Fig. 1). Tensional and collapse forces developed through- 
out Middle and Upper Jurassic times after a regional central 
uplift. The tension was accompanied by volcanicity, mostly 
of Bathonian age, with at least one centre just to the north 
of the Forties oilfield.. Individual fault blocks remained as 
positive areas until the end of the Cimmerian movements, 
after which most of them were covered by Cretaceous 
sediment. Relative upward movement continued in several 
instances, however, and some of these structures have upper- 
most Cretaceous resting on early Mesozoic or even older 
rocks. This major and complex unconformity is responsible 
for trapping the oi] of the northern area in the underlying 
structures of Jurassic or earlier rocks. Fortunately, within 
the Viking graben, the Cretaceous overlying the uncon- 
formity is an almost continuous shale and mudstone facies, 
unlike the ubiquitous chalks of the south. Whether the 
hydrocarbon source is also in part the Cretaceous shales at 
the unconformity, or whether it is from indigenous Jurassic 


shale, is not certain. All of the oils, however, whether: from’ 


Palaeocene, Cretaceous, Jurassic or earlier reservoirs, have 
similar properties. The sulphur content is of a low order— 
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Fig. 2 Generalised and diagrammatic cross section (see 

Fig. 1) of the North Sea, from the Leman Bank gas field 

(south) to the Brent oilfield (north). a, chalk; b, sand or 

sandstone; c, oil or gas field; d, halite; e, anhydrite; 

f, dolomite; g, Coal Measures; ht, volcanics: i, Major un- 

conformities. The horizontal scale is shown; vertical 
exaggeration x 60. 


0.2-0.9% by weight—and asphaltenes are about 0.3-0.6% 
by weight. Gravities are in the high range (35-44° API, with 
most restricted to 35-37° API). Wax content is fairly high at 
6.5-8.5% by weight, and the trace metals nickel and 
vanadium are lower than 2 parts ‘per million (p.p.m.). The 


crudes give good yields of light and middle distillates but. 


are unsuitable as a source of heating oils and bitumen. Gas 
contents are variable even between adjoining structures. 
Some are full of wet gas whereas others have oils that are 
undersaturated, and some reservoirs will therefore require 
supplementary energy so that the reserves can be recovered. 


Estimating the reserves : ° 


Our estimates of proved reserves of oil are based largely on 
published information, including stated offtake plans and 
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Fig. 3 Recoverable oil and gas reserves in the North Sea. 
a-c, Established reserves; d-f, additional reserves; g-i, 
potential ultimate reserves. a, Oil; b and c, non-associated 
gas, south and north respectively; d, oil and gas liquids, 
e and f, non-associated gas, south and north respectively; 
g, oil and gas liquids, A and 7, non-associated gas, south and 
north respectively. Unbroken lines, reserves in UK waters; 
dashed lines, reserves in the remainder of the North Sea 
(in both cases: heavy lines, oil; fine lines, gas). 


production potential, and they are supplemented from our 
own borehole and geophysical knowledge of the various 
structures. Table 1 lists the fields and discoveries, with 
estimates of recoverable reserves. 

Of these discoveries only the main Ekofisk and Dan Fields 
are currently on production, but all of the named 
oilfields, with the posstble exception of Josephine and 
Maureen, will probably be producing by some method by 
1978. Supposing that the present commercial viability of 
discoveries depends upon sustained production capabilities 
of greater than 30,000 barrels of oil a day (or alternatively, 

“ 100 million cubic feet of gas a day), and considering that 
the discoveries of the northern North Sea have taken 
100 exploration wells in the UK sector and 80 in the 
Norwegian sector, then the present success ratio is unusually 
high, at 1:6 (assuming that each of Ekofisk group of fields is 
a separate commercial discovery). It is probable that 
some of the wells were drilled only for stratigraphical 
information, and some may have been drilled with little 


Countries %, of total x 10°Barrels of oil 
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Communist bloc 2t E i = 
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Central and $. America 5,5 
(incl. Carribbean) 


North Africa 3.3 A 

Far East and Australasia 2.7 ~ 

North Sea 2.4 

Other. Africa 74 ; 
.{mostly Nigeria) | 

Canada - 1,7 j 

Other Europe 1,7 


Other and Speculative 16.7 
(Deep Water and major 
increased recoveries) 


Fig. 4 World oil production, showing remaining reserves 

and possible future discoveries. Solid lines, produced reserves 

(300 x 10° barrels); dashed lines, remaining reserves 

{600 x 10° barrels); dotted lines, possible future discoveries 

(900 x 10° barrels). The potential ultimate reserves therefore 
° total 1,500 x 10° barrels. 
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hope of success, only as a commitment to government for 
obtaining the licence. Some even, were probably drilled in 
the wrong place because of mistaken concepts of geology 
or geophysics. I assess that of some 220 prime prospects of 
present ‘plays’, about 85 have been explored. The proved 
reserves resulting from these tests in both Norwegian and 
UK sectors of the northern North Sea are >14 (for instance, 
15) 10° barrels of oil, 18X10” cubic feet of unassociated 
gas, and >1 (for instance, 2)X 10° barrels of condensate 
(see Table 1 and Fig. 3). Using these statistics the ultimate 
reserves would seem to be 39X10° barrels of oil, 47x10” 
cubic feet of unassociated gas, and 510° barrels of 
condensate (Fig. 3). Most of the major structures in the 
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North Sea Basin is about 94,000 cubic miles down to 
economic basement. Assuming that this is a category A 
basin, there would be an ultimate recovery of 42x 10° 
barrels of petroleum liquids. The close similarity of this 
result with my figure of 44x 10° barrels of petroleum liquids 
is comforting, although perhaps fortuitous, as both metheds 
rely on very doubtful criteria. 

Our calculations ‘of world oil production, reserves, and 
future possibilities split into well defined regions, are 
illustrated in Fig. 4, based on the work of Warman’. Since 
his calculations, more oil has been produced, of course, and 
a little more has been discovered, but our estimates of future 
possibilities are slightly less. Now, of the grand total of 





Estimate of recoverable reserves 
Oil Condensate S 
x 10° barrels x 10°barreis x 10” cu. ft. 


es Table 1 Possible commercial discoveries in the North Sea 
Country and block Field 
Terhary ‘play’ 
Norway 7/11 Cod 
Norway 25/1 and UK10/1 Frigg 
UK 23/1 Lomond 
Norway 25/4 Heimdall 
TUK 3/19 (Total et al.) 
Norway 25/2 (Petronord eż al.) 
Norway 30/10-2 (Esso) 
UK 22/18 Montrose 
UK 21/10 Forties 
UK 16/28 Maureen 
Cretaceous ‘play’ 
Norway 2/4, 2/5 and 2/7* Ekofisk Group 
Denmark Dan 
Jurassic ‘play’ 
UK 211/29 Brent 
UK 9/13 Beryl 
UK 211/18 Thistle 
UK 211/26 Cormorant 
UK 15/17 Piper 
UK 211/23 Dunlin 
“UK 3/14a Alwyn 
UK 211/28 Hutton 
UK 2/5 (Union et al.) 
UK 3/15 (Total et al.) . 
UK 3/8 (and 3/3) Ninian 
Norway 33/12 (Mobil eż al.) 
Others 
UK 30/13 Josephine 
UK 30/16 Auk ` 
UK. 30/24 


Argyll 


Totals 


> 1.0 > 18.0 
2.35 
3.20 
> 8.10 
0.35 
> 14.0 >1.0 > 18.0 





* Includes Ekofisk, Eldfisk, Torfelt, W. Ekofisk, SE Tor, Edda, and Albuskjell. 


southern North Sea Basin have been examined, but remain- 
ing reserves there, although difficult to find, may amount to 
11X10” cubic feet of gas (Fig. 3). 

Another, somewhat suspect method of reserves analysis, 
is based upon the volumes of basin sediment down to the 
economic basement. Weeks’ categorised offshore sedimentary 
basins out to a water depth of 1,000 feet according to 
favourability for petroleum resources by area. His category 
A basins totalled 188,000 miles’, and the average basin 
thickness was 2 miles, giving a total volume of sediment of 
376,000 miles* in these basins. Weeks estimated that the A 
basins contained potential liquid petrolefim reserves of 
170 X 10° barrels recoverable by primary produétion methods, 
and, therefore, that average potential was 448,000 barrels a 
cubic mile. Similarly, his lower category B basins, of 
1,657,000 miles’, have an average potential of 160,000 barrels 
a cubic mile. The volume of sediments in the northesn 
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1,800 x 10° ultimate barrels, 300x 10° barrels have already 
been produced. We believe, therefore, that some 1,500 x 10° 
barrels could remain, of which 600 10° are proved reserves. 
Again, of the possible 1,50010° barrels, about 800 x 10° 
barrels are the remaining and possible future reserves of the 
Middle East and Communist bloc countries. A further 
300 x 10° barrels could come from reserves in continental 
shelf areas in waters deeper than 1,000 feet, or from 
speculative and unforeseen breakthroughs in, for instance, 
primary recovery processes. The rest of the world therefore 
seems to have remaining and possible future reserves of 
400x 10° barrels, of which 140 10° have been proved and 
260 10° arè possible. The North Sea, with established 
reserves of more than 15 10° barrels of petroleum liquids 
and alfout 30 x 10° potential barrels would seem to rank well 
with the rest of the world apart from the Middle East and 

Communist countries (10-11%). 
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Table 2 League table of oil producing countries in 1973 


Country Average production 
(millions of barrels a day) 
USA 9.2 . 
USSR 8.4 
Saudi Arabia 7.6 
Iran 5.9 
Venezuela 3.4 
Kuwait 3.0 
Libya 22 
Nigeria 2.1 
Iraq 2.0 
Canada 1.8 
Abu Dhabi 1.3 
Indonesia 1.3 
Algeria 1.1 
Others (less than 1 million barrels 
each a day) 6.2 
Total 55.5 


Future offtake patterns 


Turning now to offtake potential to the end of the century, 
Fig. 5 shows what we believe could be the UK build-up 
pattern of yearly production, based on the proved reserves 
of 11X10° barrels of oil, and supplemented by the assessed 
additional reserves of 15X10° barrels still to be discovered. 
Superimposed is the Norwegian picture, built up from the 
310° barrels of established reserves, supplemented by the 
assessed additional reserves., The patterns are built up from 
considerations of the time needed to prepare the facilities 
which are necessary for commercial production from 
particular fields after their discovery. Furthermore, in 
normal individual fields it is impractical and undesirable to 


Million barrels d~! 
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Fig. 5 Possible oil offtake pattern from the North Sea 

until 2,000 ap. a, UK offtake of proven reserves; b, UK 

offtake assuming a maximum discovery rate; c, Norwegian 

offtake of proven. reserves; d, Norwegian offtake assuming 
a maximum discovery rate. 


produce at rates exceeding 10% of remaining reserves per 
annum. In most cases, if this rate is exceeded the ultimate 
recovery is decreased. It is, in fact, more realistic to 
anticipate a reserves production ratio not exceeding 15:1. 
The graphs of Fig. 5 take these factors into account in the 
total indicated for each year. 

The present league table of individual producing countries, 
including the Middle East giants, is shown in Table 2, which 
has been derived from average figures for 1973 (ref. 9). 
Figure 5 shows that the UK will join this league before the 
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end of 1978, and should remain in it until 1988, even if no 
more oil is discovered. If our estimates of finding the 
postulated undiscovered reserves are correct, then we shall 
still be producing about 1 million barrels of oil a day at the 
turn of the century. 

In addition to the amount of oil present in the ground, the 
offtake pattern also depends upon the will of governments 
and peoples to extract it. The rate of extraction depends 
upon the availability of material, financial and labour 
resources—steel and concrete platforms, drilling units, well 
completion systems, separators, pipelines laid in deep 
waters, treatment and storage facilities, and so on—which 
are necessary to get the oil to the user. The unit cost of 
development is now running at £1,200 a barrel/day potential 
and, if inflation continues at the present rate, could escalate 
at 10% per annum. If. the not inconsiderable exploration 
costs are included, then by 1982 a total expendituraeof some 
£13,000 million will have been necessary to finance the oil 
development of the North Sea alone if all other resources, 
and the will, are available”. 

The possible developments on the western shores of the 
UK-Celtic Sea, Western Approaches, and west of the 
Shetlands, not to mention further out in the Atlantic, have 
not been considered there, so a little imagination is needed 
to increase the various parameters. Until a viable discovery 
is made I prefer to keep all options open. Reserves may be 
in proportion to those in the North Sea whereas, on the 
other hand, the various basins could be virtually empty of 
hydrocarbons, or contain only gas. Even using the suspect 
techniques of considering sedimentary volumes, however, 
the reserves do not seem very high. For instance, the W 
Shetlands basin out to a water depth of 1,000 feet contains 
about 13,000 miles? of sediment, and if this is a Weeks’ 
category A basin it would contain 5.8X10° barrels of 
petroleum liquids. On the other hand, if it is a Weeks’ 
category B basin it would contain only 210° barrels. 
Similarly, the Celtic Sea with about 9,800 miles? of sediment 
could contain 4.4X10° or 1.6X10° barrels, respectively. 
Even these theoretical and probably optimistic amounts do 
not significantly affect world statistics, and only increase my 
guess at the ultimate reserves of the UK sector by 14-40%. 
They are included in the category Other Europe in Fig. 4. 

In painting this rosy picture of imminent ‘oil availability 
to the UK, in these days of awareness of a possible world 
energy shortage, I do not wish to create a complacent and 
patochial attitude of “I’m all right Jack”. I believe that the 
fortunate accident of nature that has provided these 
resources on the doorstep of the UK, also provides an 
opportunity to study and resolve the problems of longer 
term energy requirements. Nevertheless, even with good 
husbandry and no increase in requirements, the reserves I 
have postulated are finite and will have been substantially 
depleted by the turn of the century. 

I should like to thank the Chairman and Board of 
Directors of British Petroleum for permission to publish this 
article. 
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Huge resources needed to exploit shale oil 


Colin Norman 


Nature, 711 National Press Building, Washington DC, 20004 


Although there is plenty of shale oil in the United States, 
‘treatment at the surface of the rock that contains the 


oil would require prohibitive amounts of water. But the- 


alternagjve, production in situ, is not yet a well 
developed technique. 





EARLY this year two oil companies together bid $210 
million to lease from the federal government 5,000 acres 
of arid land in the remote north-west corner of Colorado. 
At that price, the land is almost as expensive as a prime piece 
of suburban real estate, and when the bid was announced 
it surprised not only much of the oil industry but also some 
of the government officials responsible for leasing it. 


The reason why this rugged, largely unspoiled, part of 


the Rocky Mountains has suddenly become a boom area 
is simple: it contains more oil than the Middle East. The 
oil is locked into a band of rock, popularly known as oil 
shale, which varies from a few feet to about half-a-mile 
in thickness. According to the United States Department 
of the Interior, a region of 25,000 square miles which 
Straddles the borders of Colorado, Wyoming and Utah 
contains about 1.8 x 10” barrels of shale oil, about a 
third of which is in deposits rich enough to be exploited. 

Already, the promise of this vast petroleum reserve has 
sparked off gold-rush fever in the small ranch towns in the 
area—motels are filled to bursting and the population is 
booming. The federal government, which owns more than 
70% of the richest shale lands, is being pressed to speed 
up its commercial exploitation, and several newspapers— 
including the London Times—have suggested that Rocky 
Mountain oil shale could be the answer to the energy 
crisis, not only for the United States but for western 
Europe as well. 

Unfortunately, however, such predictions are grossly 

over-optimistic, for there are several reasons why the 
Rocky Mountains will never upstage the Middle East in 
the international crude oil market, and in any case it will be 
a long time before shale oil starts flowing through pipe- 
lines and heating furnaces. Nevertheless, there is no doubt 
that shale oil could eventually supply a Significant amount 
of the energy demand of the United States, and there is 
also no doubt that shale oil production will be accom- 
panied by massive destruction of the environment. 
l The lease sale this January, which brought the stagger- 
ing $210 million bid, was the first tentative step in a 
programme designed to test whether or not the shale fields 
should be thrown open for commercial development. A total 
of six such tracts of land have now been put up for lease to 
private industry—two each in Colorado, Wyoming and 
Utah—to test various methods of getting shale oil out of 
the rocks and to give the federal government an oppor- 
tunity to see what environmental consequences are likely 
to result from complete commercial expfoitation of the 
Shale fields. If the tests prove successful, and ff the environ- 
mental consequences are deemed ‘acceptable’, the Depart- 
ment of the Interior, which manages the lands, reckons 
that up to 1 million barrels of shale oil a day could be 
flowing out of the Rockies by 1985, ° 


è 


Although that amount is not to be sniffed at, it will 
represent less than 5% of anticipated demand in 1985 and 
according to several recent studies it could be close to the 
physical limit of production capability. The test operations 
being carried out both on the leased federal lands and on 
some private land will probably determine the likely 
potential for oil shale, but much will also depend on the 
extent to which the federal government becomes involved 
in the enterprise. 


Deposits and extraction 

It has long been known that massive deposits of oil are 
contained in the sedimentary rocks of an area known as 
the Green River Formation, and in fact some oil was 
produced from shale even before liquid petroleum was 
discovered in 1859. But in spite of about thirty years of 
research . and development by the oil industry and the 
federal government, it has been uneconomic to produce 
shale oil on a commercial scale for the simple reason that 
the cost of extracting it from the rocks meant that shale 
oil could not compete economically with natural petro- 
leum. But the economics were suddenly altered when the 
price of crude oil began to skyrocket and the Nixon 
Administration launched its pell-mell drive to make the 
United States self sufficient in energy. 

Shale oil is locked into rock in the form of a solid 
hydrocarbon called kerogen. To get it out requires the 
rock to be heated to about 900° F (480° C) and the vapours 
that boil off to be collected. The result is a viscous, low 
gravity, moderate sulphur and high nitrogen crude oil 
which will probably have to be ‘upgraded’, partially 
refined, before it is piped to refineries. 

Two different approaches to getting oil out of the sedi- 
mentary rocks of the Green River Formation have been 
tested so far, albeit on a modest scale. One approach 
involves mining the oil-bearing rocks, crushing them and 
heating them in a surface retort, and the other involves 
mining or blasting out an underground cavern and heating 
the shale in place by burning gases. The former method has 
been more extensively tested, and is reckoned to be closer 
to commercial application, but the second method, the 
in situ approach, could have significant advantages if it 
proves feasible on a large scale. 

Three chief types of surface retort have been tested, all 
of which have been operated at the level of 1,000 tons of 
rock a day. Of these, it is reckoned that a design piloted 
by the Oil Shale Corporation (TOSCO) is closest to com- 
mercial application, but all of them could be scaled up 
to production levels over the next few years, according 
to a report prepared recently by the Atomic Energy Com- 
mission (AEC) for the Federal Energy Office. 

The TOSCO process has as its central feature a rotary 
kiln into which is fed preheated shale crushed into pieces 
less than 0.5 inch in diameter. Retorting is carried out by 
means of externally heated ceramic balls, which are later 
separated from the spent shale and reheated. The products 
are drawn off and filtered. According to TOSCO, the pro- 
cess produces an excellent yield, a claim supported by the 
AEC study, and there should be little trouble in scaling it 
up to commercial production. 
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Another process being actively pursued by a number of 
oil companies is the so-called gas combustion method. This 
makes use of a vertical retort through which crushed shale 
moves downwards and gases, fed in at the bottom, move 
upwards. Air and some additional recycled gases are fed 
into the retort at a point about one-third of the way from 
the bottom, which causes the gases to burn. This retorts 
the shale, and oil vapours and gases, cooled by the incoming 
shale, emerge from the top. According to the Department 
of the Interior, ‘of the numerous retorts studied in the 
Bureau of Mines program, the gas combustion retort gave 
the most promising results”. Seventeen major oil companies 
have recently begun to test a modification of the gas com- 
bustion process, and according to the AEC study, it will 
be about three years before. the process reaches the stage 
that the TOSCO process has reached now. 
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Fig. 1 Oil shale areas in Colorado, Utah and Wyoming. 


The third method, the Union Oil Company process, also 
uses a vertical retort with a countercurrent flow of shale 
and gas, but in this case the shale is fed in through the 
bottom. Air is pumped in at the top of the retort and 
heat is supplied by the combustion of carbonaceous residue 
which remains on the spent shale. The process was tested 
in 1957 and 1958 on private land in Colorado, and Union 
Oil recently announced that it is planning to construct a 
waren plant which could go into operation by 

Although the retorts are the only pieces of new tech- 
nology used in the surface processing of oil shale, the scale 
of commercial operations will probably be limited by other 
factors, chief of which is the massive amount of mining 
that will be required to support even a 1-million-barrel-a- 
day enterprise. 

The shale will be mined either by open pit methods (when 
it lies close to the surface) or by the room-and-pillar 
method, but whichever is employed a simple calculation 
indicates that it would have to be on a truly staggering 
scale. Assuming that the shale used in the surface retorts 
contains 30 gallons of oil per ton (one US barrel is 42 
gallons), to extract 1 million barrels of Shale oil a day with 
a recovery rate close to 100% would require the mining of 
about 1.6 million tons of rock. That is an enterprise similar 
in scale to the entire United States coal. industry. 
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Environmental problems 

A direct consequence of this massive mining operation is 
that there will be an equally massive amount of processed 
shale to dispose of once the oil has been removed. Since 
the crushing and retorting operation greatly expands the 
shale, the spent material cannot be simply fed back into 
the mines, and so it will be dumped into canyons (and 
revegetated? ). 

The spent shale will be bone dry and very dusty, and 
consequently it will not be easy to get rid of it. It is this 
aspect of the oil shale operations which most troubles en- 
vironmental groups, and before the Department of the 
Interior decides to throw the entire region open to com- 
mercial development, it will have to be certain that the 
spent shale can be dumped and revegetated without undue 
environmental disruption, however that may be defined. 

A. second, and ultimately more intractable prd®fem for 
a large oil shale industry, is the shortage of water in the 
Green River Formation. According to an environmental! 
impact statement published by the Department of the In- 
terior in August, 1973, a 1-million-barrel-a-day operation 
would require between 107,000 and 170,000 acre feet of 
water a year, and municipal development associated with 
industrialisation of the area would require another 14,000- 
19,000 acre feet of water. The impact statement suggests 
that about 340,000 acre feet of water is potentially avail- 
able for oil shale operations. 

This clearly does not give much room for manoeuvre and 
the AEC study flatly states that “the ultimate rate of 
production of an oil shale industry may be limited by the 
amount of water available, although the competition for 
water should not be severe for a 1-million-barrel-per-day 
industry”. The study adds “a 3 to 5 million-barrel-per-day 
industry could possibly be established if all the water in 
the oil shale regions of Colorado, Utah and Wyoming were 
made available for oil shale development”. That would 
mean, however, that agriculture, minerals processing and 
other energy industries such as the production of coal gas 
would have to be severely curtailed. 

The chief consumers of water in the oil shale production 
process are the disposal of spent shale and the upgrading of 
shale oil so that it can be transported by pipeline. According 
to the Department of the Interior’s impact satement, those 
two processes between them would use up about half of the 
water consumed in oil shale production. 

Thus if water consumption and mining requirements 
can be reduced, the potential for oil shale production would 
be greatly expanded. And that is precisely why the in situ 
process is now being looked at very carefully. 


Processing in situ 


The first thing to be said is that in situ technology is not 
as advanced as surface processing technology, and in spite 
of some extraordinary claims made by companies involved 


-in in situ research and development, there are many prob- 


lems to be overcome before it can safely be assumed that 

the technology is ripe for commercialisation. 
Nevertheless, one company in particular, Occidental 
Petroleum and its research arm, Garrett Research and De- 
velopment Company Inc., has recently carried out a test 
of an in situ process which seems promising. According to 
Mr Richard D. Ridley, Garrett’s manager of oil shale re- 
search, the process works like this. First, a room is mined 
out of the rock beneath and/or above the oil shale. The 
rock is brought to the surface, where it is either retorted in 
the conventipnal manner if it is rich enough in oil shale, or 
simply dumped and revegetated. The next step is to load 
explosive charges into deep holes drilled into the walls of 
the excavated rooms and fire them off so that as the oil 
shale breaks it will fill the room with tightly packed oil 
Shale rubble. 
i & 
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The final stage is to retort the oil shale in place. This is 
accomplished by drilling a hole into the top and bottom of 
the rubble-filled cavern and circulating air through it. 
Initially, combustion is caused by pumping in natural gas, 
but eventually carbon left on the shale after it has been 
retorted provides the fuel. Shale oil runs into a sump at the 
bottom of the cavern, and it is eventually pumped to the 
surface. 

Occidental has already tested its process on private land 
in Colorado and it will be conducting a larger test later 
this year. According to Ridley, if that test is successful, 
Occidental will be ready to move into commercial produc- 
tion. There are a few problems, however. For one thing, it 
has been suggested that the in situ process will cause sub- 
. sidence, a criticism which Ridley flatly denies but which 
has been made by knowledgable oil industry experts in 
testimomy before the House Science and Astronautics Com- 
mittee. Another problem is that some of the oil shale is 
overlain by an aquifer which must be kept isolated from 
the underground retorting process. Again, Ridley claims 
that this will be no problem but other oil industry officials 
are not so optimistic. 


Speed of exploitation 


One indication of the fact that most of the oil industry is 
not ready to move into in situ processing is that of the six 
tracts of land put up for lease by the federal government, 
the two which are suitable for in situ methods failed even 
to attract a single bid. The Department of the Interior is 
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now wondering whether to offer them for sale again, but in 
any case the lack of interest in the two tracts has already 
led to calls for increased government support for the 
development of in situ technology. 

Strong arguments are in fact being raised for the federal 
government to speed up the exploitation of all the shale 
lands by immediately leasing more federal land than the 
six prototype tracts and by providing a variety of financial 
incentives to the oil industry, such as loans, price guaran- 
tees or tax breaks. Moreover, a bill has already been passed 
by the Senate which would, among other things, establish a 
joint government-—industry corporation to build demonstra- 
tion oil shale plants; a similar measure is now under dis- 
cussion in the House of Representatives. 

The AEC study recommends that since the potential for 
in situ plants is so high and since the technology is at 
present not very well advanced, the federal government 
should concentrate its efforts in this area by assisting 
industry to establish a plant capable of producing 30,000 
to 50,000 barrels of oil a day, to demonstrate the technology 
on a commercial scale. “If construction began in mid-1975 
such a plant could be in operation by mid-1977 and, if 
successful, could lead to an industry production capability 
of about 1.8 million barrels per day by 1985,” the report 
says. And the AEC study also suggests that although there 
is every indication that industry will move by itself to 
establish commercial-scale surface processing plant, “there 
are no assurances that significant production by 1980 will 
result without a major role being played by the govern- 
ment”, 








Japan and the energy crisis 


Takashi Mukaibo 


Faculty of Engineering, University of Tokyo, Japan 





The central problem facing Japan is how to reduce her 
growing reliance on imported oil. 





For many years Japan had a plentiful supply of energy because 


of her extensive water resources and domestic coal. Towards the 
end of the 1950s, however, the import of petroleum (a relatively 
cheap commodity at that time, supplied mainly by countries in 
the Middle East) increased rapidly to meet the needs of indus- 
trial growth. The way in which the proportions of primary 
energy supplied by various means have changed over the years is 
shown in Table 1. 

Petroleum replaced coal as the chief source of energy in the 
early 1960s and Japan entered the ‘oil era.’ Until the recent oil 
crisis, there was no difficulty in importing cheap oil from 
abroad and Japan’s long coastline, with many good harbours, 
helped to keep the price relatively low. 

The problem in Japan as regards energy supply thus has 
three major aspects. First, the dependence on oil imports has 
become so high that the supply is unstable and easily affected by 
the political and economic situations outside Japan. This 
is made even worse because more than 90% of the 
imports came from one region of the world. 

Second, the absolute amount of petroleum consumed has 
become so high that Japan is consuming abotit 10% of that 
available to the whole world in spite of the fact that its popula- 
tion is less than 3 % of the world total. There is no assurance that 
Japan will be able to maintain such a large share in the future. 

Japan has an area of only about 400,000 km?, about 4% 
that of the United States, and is consuming about one-third of 
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the energy being consumed in the United States. That means 
that the density of energy (per unit area) is about nine times that 
of the United States; it also means that the degree of air pollu- 
tion may be some ten times as great if the measures for pre- 
venting pollution are the same. 

Japan was faced with a shortage of oil immediately after the 
declaration of an oil embargo by the Arab countries. Fortu- 
nately, the shortage was not too serious as regards quantities but 
it caused a sharp rise in the cost of oil, which is making itself 
felt in the cost of all energy sources. The electric power utilities, 
for example, are proposing to raise the price to the consumer by 
about 60% on average, which will have serious effects on the 
whole economy. 

Thus Japan has been forced to reconsider the whole system of 
energy supply, taking the problems mentioned above into 
account. The first problem to be faced is the saving and the 





Table 1 Supply of primary energy in Japan 


1955 1960 1965 1970 1975 
esti- 
mated) 
Hydroelectric power (%) 215 153 11.3 8.3 6.6 
Coal (%) 49.2 41.5 27.3 214 16.3 
Petroleum (%) -> 20.2 37.7 58.4 67.2 72.8 
Nuclear power (%) 0 0 0 0.6 2.4 
Dependence on imports (%4) 24.1 44.3 66.2 764 82.4 
Total energy* Hor 5,125 8,438 14,576 33,100 44,700 
Ratio 1 1.65 2.84 A6 8.72 





* Petroleum equivalent, 10,000 kcalorie 1. 
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effective use of conventional energy. In considering the measures 
needed, a detailed analysis of the structure of the consumption 
of energy in the country has to be made. Tables 2 and 3 show 
the general structure estimated by the Ministry of International 
Trade and Industry (MITI) as of 1972. 

Details of the measures for saving energy and using it 
effectively are being developed in industry and research 
institutions with the support of the government. 

The second problem in overcoming the shortage and unstable 
supply of energy is the utilisation of domestic coal. The coal 
reserves in Japan are estimated to be about 20 x 10° tons. In the 
early 1950s, annual production reached 50 million tons a year 
but the increasing importation of cheap oil has meant that 
coal production has decreased gradually to the present rate of 
only 20 million tons a year. 

Increasing the use of coal raises two difficulties. First, a 
huge investment will be necessary to Increase the annual 
production again. The importation of coal is a possibility, but 
transportation and the requirement of a stable supply may 
cause problems. The second difficulty is air pollution. As a 
means of avoiding this, the gasification or liquefaction of coal 
are being studied. Both are still in the stage of basic research, 
and the government has started a development programme this 
year. , 
The third measure is the exploitation of new energy resources. 
Leaving aside nuclear energy, which is discussed later, develop- 
ment of various new resources is included in various govern- 
ment projects. There are many active volcanoes in Japan, for 
example, so there is plenty of potential geothermal energy. 





Table 2 Structure of the demand for energy (%) 


Petroleum Electricity Others Total 
Manufacturing industries 32244 15.33 17.41 64.85 
Transportation 11.64 0.81 0.95 13.40 
Home use 7.96 7,51 3.56 19.03 
Others — — E § 2,72 
Total 52.47 25.13 22.40 100.00 





The development of this source of energy has a long history, 
but because of economic and technical difficulties, only two 
electricity generating stations are in operation: they have a 
total capacity of about 30 MW. In order to proceed any further, 
much developmental study is necessary, for example on deep 
well technology. 

The government has also taken up the use of solar energy as 
its next energy project. Assuming that 1% of the solar energy 
falling on Japanis used at an efficiency of 10%, solar energy could 
provide the wherewithal to generate about 40 million kW of elec- 
tricity. In Japan there are 2.5 million sets of solar water heating 
units installed in homes-——equivalent to a few hundred thousand 
kW of electrical heaters. In combination with city gas or elec- 
tricity, these units may be developed to more efficient devices for 
home heating and cooling. Other devices such as solar batteries 
and solar heaters for generating steam are also being examined. 

One of the most important aspects of energy in the future is 
the protection of the environment. To this end, the use of hydro- 
gen as a carrier of energy is under study as well as other means of 
obtaining clean energy, such as the removal of sulphur and 
nitrogen oxides from the exhaust gases arising from the com- 
bustion of petroleum and other fuels. 

The work on the development of solar and geothermal energy, 
utilisation of coal and the use of hydrogen are all being carried 
out as part of a project called “Sunshine” which is a govern- 
ment-supported five-year programme. It has just been started 
and the budget for the fiscal year 1974 is about 2.3 x 10° yen 
(about $7 million). . . 

Except for solar energy, however, there is a limit to the 
amount of energy available in each category and it is not high 
enough to meet the future needs of Japan. The snag with solar 
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energy is that it will be a long time before it can be used in large 
quantities. 

The deduction from all this is that nuclear energy is the only 
effective substitute for petroleum that is likely to be available 
this century. In Japan, the current installed capacity of nuclear 
power plant is some 1,750 MW, and some 15,000 MW more is 
under construction. 

Recently, Mr S. Inaba, a Commissioner of the Japanese 
Atomic Energy Commission, estimated the structure of energy 
supply up to 1985 (see Table 4). The data given there do 
not reflect any official decision, but are estimated by Com- 
missioner Inaba on various assumptions such as stable growth 
of the economy, the possible development of each category of 
energy and so on. The energy development programme is under 
discussion in various government departments and the long 
term plan for the programme is expected to be formulated this 
year. In any event, it is considered that nuclear energy will have 
a key part to play in the future Japanese energy scene. 





Table 3 Demand for petroleum classified by end use as of 197! 


Yo 

Power 17.8 Mainly transportation 
Heat 66.1 28.4 Industries 

22.3 Electric power generation 

15.4 Home use and so on 
Material 12.8 
Others 3.3 
Total 100.0 


In developing nuclear power, however, there are many 
serious matters to be considered which are peculiar to 
Japan. Safety regulations for nuclear plants are very strict 
because of the high population density and the necessity 
for designing equipment that is resistant to earthquakes. Radio- 
activity pollution is a serious hazard especially because of the 
active off-shore fisheries. There are no parts of the coasts of 
Japan that are not concerned with fishing industries. It is also 
difficult to find suitable locations for fuel reprocessing and waste 
disposal. 





Table 4 Estimated future structure of the energy supply in Japan 


1972 1975 1980 1985 
(Actual) 
Total supply 366 447 603 800 


(Petroleum equivalent, 10° ki) 
Annual increase (%) 


Petroleum (10€ kI) 258 301 393 497 
% of total supply 75 72 69 66 
Coal (% of total supply) 17 17 15 13 
Hydroelectric (% of total supply) 6 5 4 3 
Nuclear power (10° kW) 1.8 7.4 28 60 

Generated energy (kW h) 9.5 49 184 394 

“% of total supply 1 3 8 13 
Others (% of supply) I 3 4 5 


As with other natural resources, Japan is short of indigenous 
uranium. Therefore, she has to develop nuclear power plants 
which use uranium as economically as possible. Accordingly, 
a demonstration power reactor of the heavy water type (165 
MWe capacity) is under construction. There is also a fast 
breeder reactor programme. A liquid metal cooled experimental! 
breeder reactor{50 MW thermal) is under construction and a 
demonstration fast breeder reactor (300 MWe) is being designed. 

Japan has a large ship building industry which is interested in 
a future programme involving nuclear ships. A nuclear cargo 
ship of about 8,000 tonnes and with a nuclear reactor of 36 MW 
thermal has been completed and is awaiting sea trials. 

Nuclear fusion is a promising field in the long term. In Japan, 
fesearch has long been concerned with the basic side, that is, the 
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study of plasma. Recently, the research has become oriented 
towards the practical realisation of fusion and more resources 
are being allocated to it. 

The present budget of the government for all the nuclear 


Nature Vol. 249 June 21 1974 


projects, including fusion, is about 67 x 10° yen (about $230 
million) and it is estimated that industry is spending about the 
same amount of money. About 15% of the governmental budget 
is devoted to programmes of safety research and development. 








Europe in turmoil finds time to discuss energy 


Edward Phillips 


Nature, 4 Little Essex Street, London WC2R 3LF, UK 





Compared with the United States, which imports only 
a few per cent of its total energy needs, and the Soviet 
Union, which is a net exporter of energy, Europe is 
heavily dependent on outside supplies. 


In Europe the nine countries of the economic community 
are in the process of piecing together an energy policy. 
Briefly, the plan calls for a reversal of Europe’s energy 
supply position. Instead of 60% of Europe’s needs coming 
from outside and 40% from indigenous sources as at 
present, the plan says that by 1985 only 40% should be 
imported and 60% originate within the community. 

The reasoning is that the Nine will then have a greater 
measure of control over the energy received from outside 
and the price they have to pay, although clearly Europe 
will continue to be at the mercy of outside suppliers to a 
considerable extent. 

In some ways it is back to the early 1950s when fears of 
a shortage of energy were instrumental in the establish- 
ment of the European Coal and Steel Community and of 
the ill-fated Euratom organisation. Now after two decades 
when energy has been plentiful and cheap, energy prob- 
lems once again loom large in the European communities. 

At present there is no ready-made framework for con- 
sidering energy questions. There has been no common 
energy policy in the way that there is a common agricul- 
tural policy. A good thing some would say (although it is 
now being argued that the common agricultural policy has 
not been so inflationary for Britain as was at first feared) 
but the lack of an energy policy has meant that when a 
crisis strikes the European countries have no guidelines 
for action. 

In fact each of the three communities in Europe has a 
finger in the pie. Euratom looks after nuclear energy, coal 
comes under the European Coal and Steel Community, 
and the European Economic Community itself (the EEC) 
deals with oil. The same goes for energy research. 
Euratom is looking into alternative forms of energy—the 
so-called hydrogen economy for example—as well as doing 
nuclear research, the Coal and Steel Community is sup- 
porting coal research and the EEC spends money on 
research into the development of oil. 

Apart from the reduction in Europe’s reliance on 
imported energy, the keystones of the proposed plan which 
was formulated by the European Commissiqn are that oil 
should in future be regarded less as a fuel for burning and 
more as a raw material for the chemical industry, and that 
by 1985 the nine member countries’ appetite for energy 
should be 10% below the present estimates for 1985 cdn- 
sumption, this saving to be brought about by using energy 


more sensibly than before, . M 


Future mix 


The planned distribution of sources of energy is shown 
in Table 1, with the present distribution for comparison. 
Taking the energy sources one by one down the table: 

® Coal. Production within the EEC is to remain virtually 
steady—179 million tonnes (Mt) of oil equivalent in 1973 
and 180 Mt in 1985. There will, however, be a reduction 
in output from the spent mines of north-east France, 
Belgium and Holland which will have to be matched by 
increased exploitation of the British and German coal- 
fields. The rise in the consumption of solid fuel indicated 
in Table 1 will come from an increase in the utilisation of 
peat and peat coal mainly from Germany (25 Mt oil equi- 
valent to 40 Mt) and a big increase in coal imports (21 Mt 
oil equivalent to 35 Mt). 

® Qil. The main factor here is that the reserves in the North 
Sea should increase community oil production from a 
paltry 11 Mt in 1973 to 180 Mt in 1985, with a corres- 
ponding drop in imports if the demand for oil can indeed 
be kept down as shown in Table 1. The burning of oil in 
power stations and in central heating systems is to be dis- 
couraged, but it will have to continue to be burnt in cases 
where there is no foreseeable substitute—notably in road 
transport and aviation. 

® Hydraulic and geothermal energy. The commission 
believes that there is not much scope for increasing the 
use of these sources in the community, so they will con- 
tinue to play only a small part in the energy budget. 

® Natural gas. An increase in exploitation of the gas 
beneath Holland and the North Sea will increase internal 
European production from 113 Mt oil equivalent to 225 Mt 
in 1985, Even so, imports will also jump from 4 to 150 Mt. 
® Nuclear energy. A big leap forward in use is envisaged. 
This may not please the most extreme of the environ- 
mentalists. 

Taken together these figures mean that energy imports 
to the Nine will slightly increase from 553 Mt oil 
equivalent in 1973 to 580 Mt in 1985, while the supply 
from indigenous sources will go from 369 Mt to 920 Mt, 
making Europe proportionally less dependent on external 
factors, but still requiring a considerable input of energy 
from outside. 

At a New York conference on energy supplies, organised 
by the Financial Times and Oil Daily, the Director-General 
for Energy in the European Commission, M. Fernand 
Spaak, spelt out some implications of the plan: ‘This 
strategy requires the community to adopt and to implement 
a real supply policy for each source of energy within an 
overall energy supply strategy. Therefore the commission 
proposes a widetranging redefinition of the relationships 
between the public authorities and the energy industry, in 
particular those concerned with the transport, refining and 
distribution of oil and oil products. The objective is to 
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Table 1 European energy sources for 1985 compared with 1973 
(figures in millions of tonnes of oil equivalent)’ 


1973 1985 

_ Mt A Mt Yo 
Solid fuel 225 24.4 255 17 
Petroleum 539 58.5 575 38.5 
Hydraulic and geothermal 27 2.9 35 
Natural gas [17 | AY 375 25 
Nuclear 14 1.5 260 17.5 
Totals ' 922 100 1,500 100 


establish a code of conduct for the industry. The public 
authorities will monitor the industry’s behaviour and will 
have the means of intervention when necessary”. 


Savings 

The plan also envisages that high prices and a more 
rational use of energy will lead to a reduction in the annual 
growth rate of energy consumption by the Nine. Instead of 
an annual growth rate of 5.1%, predicted last year for the 
interval 1972-85, the aim is a growth rate of 4%. This 
makes the Nine’s requirements for 1985 to be 1,500 Mt of 
oil equivalent, the figure used in Table 1, rather than the 
1,660 Mt as estimated last year. 

It is stressed in Brussels that this reduction does not 
mean that Europeans are going to go cold in the next ten 
years. Rather the commission says that by a more rational 
use of energy it means a reduction of energy input for the 
same level of output of useful energy. Table 2 shows the 
hoped-for pattern of consumption in 1985, leading to a 
total of 1,500 Mt of oil. equivalent, compared with con- 
sumption if the higher growth rate continues. Figures for 
1973 are given for comparison. 

Table 2 shows that the European Commission has its eye 
on the improvement of the design of private dwellings. It 





Fig. 1 Mr Fernand Spaak (left): a wide ranging redefinition 
of the relationships between the public authorities and the 


industry. Mr Henri Simonet (right), 
Commissioner for Energy. 


energy Europe’s 


has been fashionable for years to say that the thermal 
design of many houses leaves a lot to be desired, but next 
to nothing has been done about it. 

In the transport sector the savings are to come from 
increasing the efficiency of existing means of transport 
and, more vaguely, by better town planning. In industry 
the commission is hoping for more efficient combustion of 
fuels and the utilisation of heat that wouk otherwise go to 
waste, coupled with a trend towards continuous processes 
and an end to the planned obsolescence of products. 

Finally the plan calls for a European Energy Agency to 
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watch over the security of supplies to Europe by develop- 
ing existing sources and prospecting for new ones, as well 
as doing some stockpiling. But the history of the nearest 
thing Europe has so far had to an energy agency— 
Euratom—is not a good omen. 

© So far the plan has been well received. All the same the 
people in Brussels responsible for formulating it are not 
‘counting their chickens before they are hatched. Anything 
can happen, they say, while Europe is in its present state 
of shock. The most important precipitating factor has been 
the British wish to renegotiate its terms of entry into the 
EEC. With the minority Labour government which 1s 
calling for the renegotiation still looking surprisingly 
strong, this question seems likely to hang fire for many 
months. Then there is the nature of the joint European 
relationship with its protector, the United States, to be 
resolved. Furthermore, this spring there have beeffinstable 
political situations in more European countries than is 
usual at any one time. 


Prospects 

These factors are undermining confidence in Brussels, 
where there is apprehension that the energy policy will not 
be judged on its own merits or demerits and that it may 
become a pawn in some completely unrelated political 
squabble, as happened last year when Britain, then with 
a Conservative government, refused to talk about energy 
(the question then being the formulation of a joint, short 
term, way of dealing with the shortages brought about by 


` Table 2 Energy consumption in 1973 and 1985 (figures in million 


tonnes of oil equivalent) 


1985 1985 
1973 (assuming (assuming Difference 
abundant amore 


energy and rational 
low prices) use of 


energy) 
Industry 483 900 850 —5% 
Transport 119 215 180 —15% 
Private dwellings 317 545 470 —15% 
and so on 
Totals 919 1,660 1,500 —10% 


the Arab oil embargo) until Britain got more out of the 
EEC regional fund. 

But so far the talks have gone well—perhaps 
unexpectedly well. During April the Commissioner for 
Energy, M. Henri Simonet, presented the plan to the 
Energy Committee, composed of the senior officials res- 
ponsible for energy in each of the member states. The 
committee quickly gave its broad approval (which means 
that the Conservative line in refusing to talk about energy 
is not being followed by Labour), but there has been some 
quibbling about details. 

The French and Germans are worried about the problem 
of marketing the coal once it has been mined if there is a 
deterioration gn its price competitiveness, and the com- 
munity may have to give aid to coal-mining in exchange 
for the security of supply endowed by coal. 

The British, with their memories of the recent miners’ 
strike and Mr Patrick Jenkins’ exhortation that they 
should clean their teeth in the dark: pointed out that a lot 
of effort will have to be put into negotiations with the 
*trades unions about rationalisation and wage policy. British 
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coal mining may not be able to fill the gap left by the 
closure of the continental mines. And doubts that the 
increase in production of European natural gas hoped for 
by the commission could really be achieved were voiced 
by the Dutch. 

A more serious difference of opinion has blown up over 
the extent to which the activities of the oil companies 
should be monitored and even, on occasion, interfered with 
during the implementation of the strategy, as indicated in 
M. Spaak’s speech. France, Italy and Belgium seem to be 
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in favour of a greater degree of monitoring than at present 
and of the principle of more forceful governmental or com- 
munity intervention, whereas Britain, Holland and Germany 
are supporting the oil companies’ liberty,, in particular with 
regard to the companies’ pricing policies. 

The Energy Committee seems, however, to be unani- 
mous in desiring that the plan to be put to a meeting of 
the Council of Ministers as soon as possible. With Europe 
still at loggerheads over other important issues what may 
happen then is anybody’s guess. 








Energy problems facing India 


Naremter K. Sehgal 


465-R Model Town, Jullundur 144003, Punjab, India 





If India is to avoid the worst effects of the increases in the 
price of oil she must make better use of her indigenous 
sources of energy. 


INDIA was experiencing acute shortages of energy even before 
the first of the increases in oil prices had set the stage for a 
worldwide crisis. These shortages had to do mainly with gaps 
between demand and supply of coal and electricity, the former 
aggravated by neglect through increasing dependence on 
imported petroleum products and the latter by two successive 
seasons of deficient rains. 

Higher oil prices added to India’s economic woes (through 
adverse effects on the balance of payments position) at a 
time when she was trying to cope with inflation, runaway 
prices, and sizeable shortfalls in industrial and agricultural 
production arising from the failure of rains during 1971-72 
and 1972-73, and consequent curtailments in power generation 
(hydroelectric) and imposed cuts in its supply. 

A look into India’s industrialisation programme (in regard 
to the technologies employed, the materials used as inputs, the 
pattern of production and so on) would reveal only a nominal 
or incidental relationship with the resources available in the 
country, or the overall needs and interests of the nation or 
her people as a whole. The tying of agricultural development 
programmes to the increasing use of oil-based inorganic 
fertilisers, instead of organic ones, is another case in point. 

In general, one is struck by the poor correlation between 
Indian resources and actual sources in key areas. The area of 
energy is no exception. 


Sources and resources of energy 

India gets her ‘go’ from both commercial and noncommercial 
(traditional) sources of energy. In the former category are: 
coal, oil, gas and electricity; in the latter dung, firewood and 
vegetable wastes. 

The present consumption pattern, as far as commercial 
sources of energy are concerned is: 50% oil (including natural 
gas), 29% coal and 21% electricity. Electric power generation 
at the end of 1972-73 was 61% thermal (coal, oil), 37% hydro- 
electric and 2% atomic (enriched uranium). Similar figures 
for traditional sources are difficult to arrive at and unavailable. 
But very rough estimates of 1962-63 figures were made by the 
first-ever Energy Survey Committee in 1965. They may still 
be indicative of the relative importance of vđrious traditional 
sources (Table 1). ° 

Of the noncommercial sources dung is still estimated to 
be providing nearly 50% of all cooking heat used in the 
country. 

India’s resource picture with respect to various sourtes 
of energy is as follows: 

Coal. It is fairly abundant (except for-metallurgical varieties). 


Known reserves (all types including lignite) are estimated at 
83,000 to 100,000 Mt. Present annual demand and production 
(1973) are 95 and 79 Mt respectively. 

Oil. Mineral oil is relatively scarce. The annual produc- 
tion of 7.5 Mt compared to the refinery consumption of 
21.0 Mt in 1973 necessitated imports of 16 Mt (including 
petroleum products). 

Electricity. (a) The potential for hydroelectric generation 
is abundant and has been estimated at 215 x 10° kW h energy 
a year. Of this, nearly 17% will have been harnessed when 
schemes underway are commissioned. Major problems are: 
uncertainties about rainfalls, high capital outlays, and long 
gestation periods required for completion. (b) The potential 
for thermal generation is great considering India’s abundant 
coal reserves, provided she can increase its production. Gigantic 
thermal plants (near coal mines) of capacity up to 2,000 MW 
could feed a national grid to take power where needed. (c) At 
present usable nuclear fuel—natural uranium—deposits are 
very limited. Enrichment of uranium is not yet carried out 
in the country so fuel for India’s only working nuclear power 





Table 1 India’s energy consumption (1962-63) 


Commercial fuels Noncommercial fuels 


Hydroelectric Vegetable 
Coal Oil power Dung Firewood wastes 
59.6 8.5 11.8 54.9 101.6 31.1 
Mt Mt TWh Mt Mt Mt 
64.9 55.3 10.4 22.0 96.5 22.5 
Mtc.e. Mtc.e. Mt c.e. Mt c.e. Mi c.e. Mt c.e 


Mt, million tonnes; TWh, 10° kW h; lower figures are coal 
replacement equivalents for upper figures (Mt c.e., million tonnes 
coal equivalent). 


station at Tarapur in Maharashtra has to be imported. India’s 
thorium deposits are among the largest in the world, but 
breeder reactor technology which is essential for turning 
available thorium into fissionable fuel, has not yet been 
developed. 

Cattle dung. This is quite abundant. India has the largest 
cattle population in the world and milche cattle alone number 
67 million. 

Wood and vegetable wastes. It is difficult to estimate the 
extent of consumption of wood and its replacement in the 
country. But it is feared that poor sections of the rural popula- 
tion, searching for free fuel, may be indiscriminately denuding 
the landscape at a rate faster than it is being replaced. This 
needs urgent attentign. 

Alcohel. It ca@n be obtained in fair amounts through the 
fermentation of molasses—a by-product of India’s sugar 
industry (among the world’s largest). By itself, or mixed with 
petrol, it could, run internal combustion engines in cars and 
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other vehicles. Actually, that is exactly what was being done 
in the country in 1947-48 and [961-62. Agricultural pumpsets 
can also be run on alcohol with only slight modification to 
their engines. 


Genesis of problems 

Most of India’s present energy problems are of her own 
making. The oil crisis which is at the moment threatening to 
jeopardise the country’s entire development effort through its 
economic consequences is no exception. The problems pri- 
marily relate to commercial sources of energy—oil, coal, and 
electricity. 

In less than a decade, starting with the early 1960s, oil 
has been allowed to push coal into the background and be- 
come the energy base of India’s economy. This is in spite of 
the fact that India is known to be richly endowed with coal 
but quite poor as regards oil. 

The emergence over a decade of the present oil-heavy 
pattern of energy consumption can be traced to untenable 
assumptions, bad planning and erroneous policies. But it 
may have been egged on by a number of factors: relatively 
easy and plentiful availability of oil at favourable prices, 
until recently; growth of a pattern of production suited to 
elitist consumption based on imported technologies heavily 
weighted in favour of oil as a source of energy; characteristic 
Indian exercise of ‘soft options’ in importing and implanting 
as a whole (by not bothering even to effect modifications in 
imported technologies to the extent of making them suit 
Indian needs or conditions and reducing or eliminating their 
continued dependence on imported inputs), and so on. 


All this happened despite warnings issued by the first Energy 


Survey Committee, as far back as 1965, against ‘accepting or 
encouraging, the shift towards oil without adequate caution 
or consideration. 

A ‘gobar-gas’ (gobar for dung) plant, was devised by the 
Indian Agricultural Research Institute (IARI) as far back as 
1959. The plant can take in all forms of animal excreta and 
even human night soil. Septic tanks too could support such 
gas plants. Between 1961 and 1973 only 7,500 such plants 
were installed, but 20,000 more will be installed in 1974-75 
according to a recent government decision. 

India’s entire rural and agricultural energy demand can be 
met through installation of such plants throughout the country- 
side. Along with the gas, organic manure obtained from 
residual slurry can be used in conjunction with our indigenous 
output of chemical fertilisers to increase agricultural produc- 
tion. 


Questions of interest 
A question of interest may be whether or not India will get 
any ‘special deals’ from oil-producing countries. 

There are two aspects here: price and assured supply. As 
far as | am aware no oil-producing countries are going to 
give us special deals involving concessional oil prices any- 
where near what they were before the latest Arab-Israeli war. 
Besides, it would be foolish to expect any of them to agree 
to do so. 

The oil-exporting countries may, however, agree, in bi- 
lateral deals, to assure supplies of whatever oil we shall be 
needing and allow us to pay for them in ways that will not 
put unbearable pressure on our already difficult foreign 
exchange position. Some of the ways could be: barter deals; 
Indian technical assistance and training facilities in various 
areas for personnel from oil-supplying countries; soft loans 
on a long term repayment basis for financing our oil purchases 
and so on. (India has recently signed agreements with Iran 
and Iraq, but not all the details have been made public.) 

Only time will tell how these arrangements, if indeed they 
are made on the lines indicated, work out in practice. Much 
will depend on the international situation in the Indian sub- 
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continent. As long as the situation remains normal we shall 
have little difficulty with our oil arrangements. 

Although one hopes for the best, the possible worst cannot 
be ruled out or ignored altogether. For example, if another 
conflict were to arise between India and Pakistan, most of 
our special deals with Arab nations (and Iran) are likely to 
be among the very first casualties, irrespective of the issues 
involved in the conflict or the merits of India’s position. India 
must not overlook this aspect. 


Fifth Plan and beyond 

Unprecedented rises in prices in 1973 and early 1974 have 
dealt a shattering blow to most of the fundamental assump- 
tions behind the Fifth Plan. While our planners are busy 
calculating and recalculating things over and over again— 
every time with higher prices—chances of prices smabilising 
at home or abroad, around levels assumed in-the final 
Plan draft, would seem remote. 

Energy-wise, things are going to be pretty tough during 
the period of the Fifth Plan. The problem of evolving a new 
pattern of consumption in which emphasis on oil is reduced 
to ‘its proper size, as evidenced by its share in our import 
bill, is likely to keep us fairly occupied in the coming years. 
The consequent heavier demands on these two sources are 
bound to aggravate shortages further, unless some of the steps 
suggested in this article are taken up. Our performance during 
earlier Plans vis-a-vis targets, under far better conditions than 
at present prevail, gives one little cause for optimism about 
India’s performance in coming years. 

What lies beyond the Fifth Plan will, among other things, 
depend on how we tackle problems in the near future. If we 
panic over our oil problems and let our penchant for ‘soft 
options’ prevail over good sense, as we have often done in 
the past, the chances of our breaking out of the circle of energy 
shortages in future will immeasurably recede—notwithstanding 
some short term gains that may result from such an approach. 
Soft options here would mean maintaining our level of oil 
consumption and present oil-heavy energy policy intact by 
utilising various funds and lines of credit that are being estab- 
lished around the world, entering into unfavourable collabora- 
tion agreements with foreign firms for exploration of oil in 
India and so on. 

If on the other hand, we decide to take up the oil challenge 
and meet it with firm steps and alternatives available to us 
from within the country, we could turn this crisis to 
eventual advantage even if no immediate gains result from 
this approach. 

Petroleum products account for about a third of India’s 
entire energy requirement. Last year we spent Rs500 crores 
(crore=10 million) to import 16 Mt of petroleum and products. 
For the same quantity we may have to pay Rs],000 crores 
this year. This alone will wipe out half of our total export 
earnings during the year. 

To cut consumption, which had become imperative, the 
Indian government decided to boost prices of all petroleum 
products. Two instalments of price increases sent petrol prices 
soaring from Rs1.74 to Rs3.15 a litre and kerosene from 
Rs0.75 to Rsl.15 a litre—making Indian petrol the most 
expensive in the world. (Actually the refinery cost per litre 
of petrol, even after all the increases in crude prices, is less 
than a rupee. The rest is all excise duty.) 

Petrol and kerosene accounted for only about 11% of the 
total petroleum product consumption of 25 Mt; the rest 
(89%) was saigl to have been used essentially as economic 
inputs by various industries. Thus, industrialists have argued, 
any substantial cuts in imports of oil and related products 
would seriously hamper economic development of the country. 
The Fuel Policy Committee (FPC, set up in 197] in the Plan- 
ning Commission to project a long term energy picture for the 
country) has found, however, that fuel oil is one petroleum 
product whose consumption (16% of the 25 Mt used in the 
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country last year) can be drastically reduced without affecting 
the level of economic activity. Nearly 70% of the industries 
using fuel oil; according to the FPC, could switch over to 
coal without any technological difficulty whatsoever. 

In the area of agriculture a ‘new strategy’, launched during 
the mid-1960s, sought an increase in output almost exclusively 
through costly inputs like oil-based chemical fertilisers, and 
diesel-run tractors and pumpsets. Another matchless piece 
of Indian planning. 

Anyone who knows anything about Indian conditions 
would know that irrigation, organic manures and human 
manual labour are far more important and crucial inputs for 
our agriculture. Notwithstanding this, the consumption of 
chemical fertilisers, estimated at 19.7 lakh tonnes in 1972-73, 
is intended to be raised to 52 lakh t by the end of the Fifth 
Plan dakh=100,000). This would involve imports valued at 
more tf! Rs500 crores in 1978-79 (excluding the crude oil 
costs). Compare this with the paltry Rs9.0 crores allocated 
for the development of local manurial sources in the centrally 
sponsored sectors of the Plan. 

It cannot be disputed that chemical fertilisers have a useful 
role to play in: Indian agriculture. But the importance and 
priority being’ accorded to them, and the total value of re- 
sources committed in this direction will be found to be totally 
unwarranted in.any cost-benefit analysis. 

Basically, as‘far as coal and electricity are concerned, it 
is a case of demand outpacing availability and supply (by 20% 
in the case of coal and 10% in the case of electric power). Factors 
like insufficient] rains, maldistribution (of power) and problems 
involving movement of coal (from production sites to consump- 
tion sites far away) have aggravated shortages. There have 
been other reasons too. 

Increasing interest in imported oil as a source of energy 
had serious and far reaching repercussions on coal use and 
production. From 33 Mt in 1950 coal production had in- 
creased to 67.7 Mt in 1965-66 when stagnation set in because 
of the increasing use of oil. The output of coal increased by 
only 8 Mt in the next four years and then dropped for two 
years in a row to 72.06 Mt in 1971-72. Contrast the 1972-73 
production of 79 Mt with the Third Plan target of 98.5 Mt a 
year in 1965-66. 

Power-wise, it has been claimed that the country could 
have had enough power to meet present demand (and even 
some to spare) had the Fourth Plan targets been achieved 
during the period of that Plan itself. We missed those targets, 
by an incredible 50%. Of the 9.3 million kW capacity 
targeted for commissioning during the Fourth Plan the actual 
achievement was only about 4.6 million kW. 

Apart from a dismal failure to add new generating capacity, 
our performance with what we already have has been equally 
poor. For example, plant availability has been low and 
transmission losses, which one might think ought to have 
been decreasing, have actually been increasing. From an 


Nature Vol. 249 June 21 1974 


average of 17% in 1968-69, they were up to 18.8% in: 1972-73, 
reaching 30% in some states. 

Thermal stations have experienced difficulties in getting 
coal in a regular and guaranteed manner. Some older thermal 
plants are unable to get spares for some of their equipment 
since plants are outdated and such equipment is no longer 
manufactured in the countries from which they were imported. 

Hydroelectric power generation has its own drawbacks, 
a major one being the utter uncertainty about rains. For 
example, for two years in a row now, abnormally deficient 
rains have necessitated sizeable curtailments in power genera- 
tion. 

Our nuclear power programme is still in its infancy. The 
only power plant in operation today is the 400 MW Tarapur 
Atomic Power Station in Maharashtra which was built by 
an American company on a turnkey basis. An unusually 
large number of problems encountered in its operation have 
rendered this first experience not an entirely happy one. 

A second nuclear power station near Madras, when com- 
missioned, will provide a far better opportunity for correctly 
assessing our potential and acquired capabilities in this new 
technology, since this station is to be a totally indigenous 
effort. But the true impact of nuclear power in India will be 
felt only when we have developed and mastered (fast breeder 
reactor) technology to convert our abundant thorium into 
fissionable fuel for use in power reactors. 


Meeting the challenge 

To meet effectively the energy challenge facing us at the 
moment we must do the following things right away: (a) Cut 
down oil consumption enough to bring import bill down to a 
reasonable level; (b) step up power generation and increase 
outputs of coal and mineral oil not only to meet normal 
growth in demand but also to neutralise the effects of cut- 
backs in oil consumption; (c) seriously consider making 
practical use of the ‘total energy utilisation’ concept in power 
stations and industries. (This concept visualises utilisation of 
all the heat produced by burning fuel. At present, power 
stations utilise only 30% of the heat to produce electricity 
and the rest is simply thrown away.) I believe that (a) and (b) 
could be achieved through three things: coal, alcohol and 
cattle dung. We can, in a number of cases (of industrial and 
other use) replace oil with coal without much difficulty. Alcohol, 
or a mixture of alcohol and petrol, can be used to run auto- 
mobile and other engines with or without modification. (In 
the latter case the efficiency of the engine is slightly less.) 
Cattle dung—at present simply burnt after drying—can be 
fermented to yield combustible gas (methane) and residual 
slurry for conversion into organic manure, which is richer in 
nitrogen, phosphorus and potassium than fresh dung or so- 
called yard manure. The gas can be used for cooking, lighting 
and running engines to work pumpsets, tractors and grinders, 
and even for generating electricity. 





Soviet thoughts on energy resources 


Vera Rich 
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Nature's Soviet Correspondent shows tha? the Soviet 
Union is not being complacent about possible energy 
problems, large though her resources may be. e 
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ENERGY supplies and resources have always held a 
prominent place in Soviet planning——-Lenin, indeed, defined 
Communism as,‘‘Socialism+ Electricity”, and the first re- 
action fo the 1973 energy crisis by the Soviet planners was 
the denial that this could in any way involve them. “The 
Soviet Union exports annually more than 100 million tonnes 
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of petroleum and petroleum products ... The USSR 
invariably fulfils its contractual ‘obligations and will fulfil 
them in the future”, said the First Deputy Minister of 
Foreign Trade, Ivan F. Semichastnov, in an interview last 
January. “Our country is rich in fuel and energy resources 
In the last 10-12 yéars the outputs of all forms 
of fuel have doubled,” said the Minister of Power and 
Electrification Petr S. Neporozhnii in March’. 

Such comments, duly distributed abroad by the Novosti 
agency, would seem at first glance to indicate that a spirit 
of confidence prevails in the Soviet energy industry, and 
that the great industrial expansion envisaged under succes- 
sive five-year plans is comfortably matched by routine and 
unhurried exploration and exploitation of the new deposits 
of fossil fuels. 

A closer study of the reports, however, indicates a less 
propitious picture. The Soviet Union will fulfil its con- 
tractual obligations to deliver fuel but as regards her 
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achievements commended are themselves an indication of 
the need to exploit all available power resources. Thus on 
March 5, 1974, Novosti reported the selection of a site for 
a 3,200 MW power station on the river Vakhsh in 
Tadjikstan (a site where seismic activity reaches magnitude 
9, necessitating the placing of the station underground), 
followed by the description of a new town, Komsomolsk, to 
be built in the permafrost zone, near a rich deposit of 
coking coal—the town to house 70,000 inhabitants, the 
coalmine to produce an estimated 4.5 million tonnes (Mt) a 
year. In introducing a ‘round table’ discussion on the 
prospects of MHD generation of electricity, published in 
Nauka i Zhizn”, Academician Vladimir A. Kirillin, Chair- 
man of the State Committee for Science and Technology, 
commented: “It is sufficient to say that the increase of the 
efficiency of thermal power stations by even 1% on the scale 
of our country at the present level of production of €lectric 
power would save approximately 3 million tonnes of fuel 
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Fig. 1 The Krasnoyarsk hydroelectric power station on the River Yenisei in eastern Siberia. 


further expansion ‘‘this is not envisaged at the present 
moment”. The vast resources of fossil fuel are “extremely 
nonuniformly distributed”, being mainly in the eastern 
regions of the country with only 10% in the European 
part of the USSR and the Urals where 80% of Soviet 
industry is concentrated’. The almost daily accounts im 
Pravda of the completion of a section of pipeline or the 
commissioning of a power station suggest an underlying 
concern. So, too, do the Novosti reports, designed for 
foreign consumption, which from the beginning of this 
year have increasingly emphasised the healthy state of the 
Soviet energy situation. Coverage has varied from straight 
reports on new power stations, gas fields or pipelines to 
such details as the use of tea wastes to*lubricate oil’ drills, 
air-cushion transport of heavy mining gear in the “tundra, 
or the automatic deicing of high voltage power lines in the 
extreme conditions of Sakhalin Island. Indeed, many of the 


per annum... or... would produce an additional 10,000 
million kilowatt hours of electrical power.” 


Future supplies 

It would seem, therefore, that in spite of the reassurances 
of the politicians, considerable thought is being devoted 
by the Soviet energy experts to the true state of their “‘in- 
exhaustible’ energy supplies. A lecture given by Academi- 
cian Kirillin, during his recent visit to Britain* served only 
to emphasise this point of view. 

At present, he said, more than 80% of the electric power in 
the USSR is generated by thermal power stations, using 
chemical fuels, mainly coal. Although the majority of the 
new power stations to be built will be based on nuclear 
power, a certain number of conventional power stations 
will be built in the future. These will almost all be coal 


fired; in spite of the increased proportion of oil and gas 
= 
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in the overall fuel output of the Soviet Union (an increase 
from 51% to 65% in the period 1965-74), the natural 
resources of coal far exceed those of oil and gas. New 
gas-fired and oil-fired stations will therefore be built only 
where coal-fired stations would involve too great a pollu- 
tion hazard, notably in cities. At present, indeed, there is 
an increasing emphasis on the importance of the coal 
industry in the Soviet Union, especially on open-cut mining, 
which makes the economic efficiency of coal production 
comparable with that of oil and gas. 

(Some recent comparative statistics provided by the 
Novosti agency are of interest: the absolute output of coal 
in the Soviet Union is increasing by some 100 Mt every five 
years; the share of open-cut coal in the total coal output, 


it is estimated, will increase by some 30% in the current . 


year. Considerable attention is being paid to lignite re- 
sources™™fs well as to those of ‘black’ coal; a recently dis- 
covered fignite seam in Byelorussia—conveniently near the 
industrialised areas of the USSR—is estimated to hold some 
50 Mt of fuel, accessible by open-cut mining.) 

The use of gas-fired and oil-fired power stations is also 
indicated, said Academician Kirillin, for peak-hour booster 
stations. This seems at first glance a somewhat strange 
admission; according to Minister Neporozhnii’, the pro- 
jected supergrid, which will unify the entire power pro- 
duction of the Soviet Union and the Comecon system into 
a single network, and which should be completed in the next 
18 years, is intended, inter alia, to obviate the whole peak- 
hour problem. The considerable time differences between the 
various parts of the USSR should mean that with the uni- 
fied supergrid, electricity could be transferred from power 
stations at local ‘off-peak’ to consumers in a ‘peak’ zone, 
thus saving some 35-40 GW of generating power (that is 
obviating the need to build power stations to that capacity). 
But Academician Kirillin seemed less confident. Questioned 
on the subject, he stated that only some 2 GW could be 
transmitted by the supergrid as envisaged, and that until 
superconducting transmission lines become a practica] pos- 
sibility, the need for booster stations will remain—an interest 
ing example of the dichotomy between the claims of the 
planners and the tasks of the engineer. 

Further elaborating on peak and semi-peak boosting, 
Academician Kirillin indicated that MHD (magnetohydro- 
dynamics) stations are considered as a promising energy 
source in this field. Generation by MHD is, in fact, one of 
the specific fields of cooperation between Soviet and United 
States specialists, which has been developed under the open- 
ended agreement on technological cooperation of May 1972. 
A meeting held in Moscow in February and March 1974 
resulted in the signing of a protocol on a programme of joint 
work to design, build and put into operation commercial 
MHD units. The Soviet team, headed by Aleksandr E. 
Sheindlin, Director of the High Temperature Institute of the 
Soviet Academy of Sciences, has already designed and con- 
structed what they describe as an “experimental com- 
mercial’? MHD generator, the U-25, and on the basis of 
this work, together with research data, they envisage the 
commercial operation of MHD stations by the mid 1980s 
with an efficiency of some 10-15% of that of conventional 
thermal power stations. Dr Bill Jackson, who signed the 


protocol on behalf of the United States delegation, ob-' 


served that the problem of MHD generation is essentially 
now one of engineering rather than basic research and said 
that the U-25 generator marks a breakthrough on the 
engineering side. It should be noted, hoWever, that the 
Soviet estimates on the efficiency of MHD generation are 
considered by many western experts toe be unduly 
optimistic. 


Nuclear power ° 


Regarding nuclear power stations, the same optimism seems 


to prevail. In his lecture, Academician Kirillin stated that 
L 
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“most experts believe that extensive construction of nuclear 
power plants with fast-neutron reactors will not be a 
practical possibility before 1985”--a somewhat early date, 
even as a terminus post quem. The present generation of 
Soviet nuclear power stations are mostly of “U thermal 
neutron type, either water-moderated water-cooled vessel 
reactors, or channel graphite-moderated reactors. The 
latter are of special importance since they can be used as 
breeders of the plutonium required for the various fast 
breeder reactors which will form the next.generation. One 
such fast breeder reactor, the BN-600 is already operating 
(at reduced capacity, because of teething troubles) at Shev- 
chenko’on the Caspian Sea, as a source of combined power 
generation and water desalination. A second BN-600 is 
under construction. In view of the difficulties which have 
arisen in the sodium cooling circuits of the Shevchenko 
reactor, it is noteworthy that Academician Kirillin ob- 
served that “probably it would be desirable, side by side 
with the creation of fast-neutron reactors operating with 
sodium coolant, to speed up the development of this type 
of reactor with a gas coolant.” 


Other sources 

The other major source of electric power in the Soviet 
Union is, of course, water power. This has played a con- 
siderable part in the opening up and industrialisation of 
Siberia and the Soviet Far East. This programme is still 
continuing, with such major prestige projects as the 6 GW 


_ Krasnoyarsk power station (the largest hydroelectric plant 


in the world). 

Hydroelectric power plants are now planned in con- 
junction with other projects—land reclamation, irrigation, 
and the planning and development of specific industrial 
centres (for example, the giant aluminium plant at Kras- 
noyarsk, which consumes one-third of the output of the 
hydroelectric plant). According to Academician Kirillin, 
projects are now under discussion for hydroelectric peak 
booster stations, in which the water is pumped up to a high 
level by a thermal power station at off-peak time, to be 
released again at periods of maximum demand. The high 
costs of such schemes, however, would limit their use only 
“to areas of favourable terrain”. 

Regarding such suggestions as the large scale use of 
solar energy or the Earth’s heat (detailed projects for 
which appear from time to time in the semi-popular 
scientific press in the Soviet Union") while admitting that 
their study constitutes an “urgent problem”, Academician 
Kirillin considered that only with “principally new methods” 
could they yield adequate large-scale results, although on 
the small scale, for fruit-drying or local heating, for example, 
some useful results have been obtained. Similarly, wind 
power, tidal power and the like lie, at present, outside the 
bounds of practical possibilities. 

Although further research is needed in these fields, 
therefore, the main problem before the Soviet power 
generating industry at present is, in his opinion, two-fold: on 
the one hand, the more efficient utilisation of conventional 
thermal power stations—including the use of combined 
steam-gas turbines, and district heating schemes using the 
steam from power stations—and, of course, the improvement 
of anti-pollution measures and on the other, the greater 
development of nuclear power, including controlled thermo- 
nuclear fusion which, he considers, should be available as a 
source of industrial power generation by the end of the 
century. 
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Making energy value for money 


W. Short 


NIFES Consulting Engineers, NIFES House, Sinderland Road, Broadheath, Altrincham, Cheshire WA14 5HQ, UK 





The National Industrial Fuel Efficiency Service Ltd, once 
a British Government body but now a successful private 
company, pays Close attention to an energy problem 
that is often ignored. 





Ever since the Industrial Revolution, people have tried to 
improve the use of energy, and countless patents have been 
issued for devices to economise on the amount of fuel 
needed to carry out particular work loads. Some of these, 
such as mechanical stokers and economisers, were in- 


valuable; others were frankly useless, but by high pressure © 


sales methods were sold in large numbers. Even today fuel 
users must be puzzled at the claims made for some articles 
which are alleged to save fuel. 

Traditionally the industrialist has regarded his- energy 
requirements as a factory service or, at best, as one of the 
tools of production. His main concern has been the final 
cost of purchased fuels or electricity per unit of production, 
insofar as this influenced ‘his ability to compete. Since in 
most industries this cost has been a relatively small propor- 
tion of total production costs his concern has not been of 
very high priority. 

Until recently the continuing availability of the necessary 
energy sources, in some suitable form, has been taken for 
granted. True, there have been some short term crises of 
supply of specific energy sources, but these have been of 
limited duration and the worst effects have often been 
mitigated by a temporary or permanent change to other 
available fuels. 

The demand for energy all over the world has continued 
to increase without interruption since the end of the Second 
World War, and fortunately this increase was mainly met 
by the rapid expansion of oil production which, as far as 
Europe was concerned, meant the Middle East and African 
countries. The price of fuel oils dropped steadily in the 
postwar years and was stable for a surprising period in 
spite of steady rises in the cost of living and of industry’s 
other raw materials. In turn this tended to stabilise other 
fuel prices, and indeed forced the contraction of the coal 
industry in the rest of Europe as well as in Britain. 

Gas, regarded for all its life as a high price fuel which 
was only justified where cleanliness, convenience and im- 
proved production could justify its costs, dropped suddenly 
in price to industrial users after 1968 and became a serious 
competitor, in large scale use, to coal and oil. Unfortunately 
domestic consumers were not so lucky, as the very high 
cost of the conversion of their appliances to the use of 
natural gas together with other inflationary factors, pre- 
vented any real reduction in price to them. 

Now, in less than a year, the price of oil fuels has 
rocketed, mainly because the Middle East countries have 
accelerated demands for participation and increased royal- 
ties but also because of the increased costs of such things as 
transport and refining. Oil fuels have increased roughly 
three-fold in price to industrial, commercial and domestic 
consumers alike, and the costs of other fuels haye also 
risen rapidly partly under the influence of ‘supply and 
demand’ and also because of large wage increases and in- 
vestment problems. | 


Almost at the last moment the industrialist is beginning 
to take a fresh look at his energy requirements and give 
this its true place in his priorities. After all, if these energy 
requirements are not met he will be out of business, In 
many cases almost for the first time, the industrialist is 
asking himself the questions: onan. 

@ What is this industrial energy? ' 

© What is the present situation? 

® What should the World, the European Economic Com- 
munity (EEC) and Britain do about it? 

© What can individual companies do? 

The answers to some of these questions involve a great 
deal of speculation. On his answer to the last question could 
depend the industrialist’s competitive position or even his 
very existence. 

We can hope that the recent discoveries in the North Sea 
will prevent any immediate shortage of supply, but the 
length of time granted to Britain will depend on the rate of 
exploitation. An accountant would argue that, if it were 
technically possible, the best financial recovery on the 
thousands of millions of pounds being invested would be to 
extract all the oil and gas in the minimum possible time. 
This would obviously more than satisfy British demand in 
these few years and the surplus could be sold to assist 
balance of payment problems. Such uncontrolled rapid 
exploitation would in passing be the final blow to the coal 
industry. There is a better, national argument to extend 
the period of exploitation, to keep the coal industry at a 
healthy and relatively steady level of production and so 
conserve resources to last over a longer period so that 
other sources of energy can take over as the North Sea’s 
output declines. Nuclear power stations can, and will, be 
developed to reduce the demands on coal and oil for 
electricity generation but these need both capital and time 
to construct and we may well see other new forms of 
energy production developed such as solar, geothermal, 
tidal, nuclear fusion and wind power. 

All these points so far have been concerned with the 
supply of fuels and energy, but disregard the effect of price. 
It is doubtful whether fuels will ever be as cheap again, 
relative to other costs, as coal and oil have been over the 
past twenty years. Although it has been argued that actual 
shortage is unlikely over the next twenty or more years, all 
fuels will be expensive. Of course it is easy for many com- 
panies to pass on the extra cost of fuels as just another of 
the rises in raw materials prices that cause the cost of their 
products to increase, and unfortunately many manufac- 
turers seem to be doing just this. While demand exceeds 
supply, and for many companies this is the situation for a 
year or so ahead because of the reductions in output caused 
by the three-day week and cuts in electricity usage of recent 
memory, such a policy of passing on price increases works. 
This does not help the consumer, however, and it en- 
courages wage claims. 

Also, all our past history. of surpluses and shortages in- 
dicates that fajrly soon many manufacturers will have caught 
up with their order books and may be chasing customers. 
There are also services, such as hospitals, local authorities 
an? government, and the domestic consumer, who manu- 
facture no saleable product and so cannot pass on the large 
increases in fuel and energy costs. These must fall on the 
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whole community as increases in rates, taxes or personal 
spending. i 

Energy conservation can help by minimising the increases 
in costs of fuels and by reducing the demand so as to extend 
the period for which the finite resources of conventional 
fossil fuels will last. The National Industrial Fuel Efficiency 
Service, NIFES for short, as the most experienced organisa- 
tion in the field has been able to demonstrate for more than 
twenty years that large savings can be made. Unfortunately 
during the era of cheap fuel and energy many companies 
and authorities have paid little attention to possible savings 
on a fuel bill which might have been less than 5% of their 
total running costs, preferring to spend their own staff 
time, use of outside advisory services and restricted capital 
resources on other facets of their costs. 

A committee which considered fuel efficiency and con- 
servatiogapnce said: “The committee reached the conclu- 
sion thats the gap between fuel requirements and home 
production would continue to increase and there was the 
possibility that a critical shortage of fuel would arise. The 
committee recognised that the nation’s economic progress 
and well-being would depend on fuel and power and that 
it was vitally necessary to make the most effective use of 
available supplies”. How topical this sounds, and yet these 
opinions were those of the Ridley Committee of 1952. The 
wartime Ministry of Fuel and Power had operated a fuel 
efficiency service and this had continued after the war. 
Periodic bulletins on various aspects of fuel utilisation, issue 
of a regular newsletter and provision of a free first-aid 
advisory service by a staff of around 100 professional 
engineers and technicians was offered to industrial and 
commercial fuel users. 

The results of these visits were so encouraging that the 
ministry decided to extend the service so that more detailed 
surveys of fuel usage could be carried out, both in the 
boilerhouses context and, more important as it turned out, 
in the realms of process and space heating. Fees were 
charged for these detailed surveys and a considerable de- 
mand developed from the inception of these ‘mobile testing 
units’ in 1948. 

After the report of the Ridley Committee, the minister 
decided to set up a fuel advisory service which would 
operate outside the Civil Service structure, and so NIFES 
commenced operations in 1954. In the earlier years much 
of the running costs came from contributions from the 
National Coal Board, and the Gas and Electricity Councils, 
with small additional sums from certain oil companies and 
the Government of Northern Ireland. These contributions 
were progressively reduced as NIFES developed its own fee 
income and in 1969 the government took over responsi- 
_ bility, providing a much reduced and tapering three-year 
grant on the understanding that the company would become 
self-supporting. 

In the early years, its activities were entirely concerned 
with fuel problems, using poor quality fuels in many boilers 
until better fuels became available, carrying out tests on 
existing boilers, furnaces and processes so that recommen- 
dations could be made to improve performance or reduce 
fuel costs, training boiler operators in correct firing and 
supervision and giving advice on numerous other fuel 
problems. Inevitably, as recommendations were made on 
existing plant and on its possible replacement, many clients 
expressed the view that the knowledge and experience of 
NIFES would be of great value to them when new factories 
“or premises were to be constructed or when new plant was 
to be installed. The company was encouraged by such clients 
to move into the field of design ‘engineering ‘und advise on 
all aspects of such capital projects, and for man years now 
has been handling this field of consulting engineering as 
part of its activities. r 

Unfortunately this reduced grant meant that certain 
services in the education and training fields had to be cur 
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tailed, since they had been offered for many years at nomi- 
nal fees to encourage interest in fuel efficiency and higher 
productivity. It was found that the demand dropped con- 
siderably when fees reflecting the true cost of providing 
such educational services were asked. One item of which 
the company is particularly proud is the Boiler Operators’ 
Handbook, which was originally produced as the New 
Stokers’ Manual in 1959 and has been revised and extended 
in several editions. Nearly 50,000 copies have been sold, 
and a steady demand still persists for this unique aid to the 
boiler operator. Nearly 17,000 men throughout industry 
and the public service have been trained in operation, 
maintenance and utilisation of plant, and more than 10,000 
of these reached the standard of the City and Guild’s Boiler 
Operator’s Certificate. 

At the end of 1971, the government had decided that 
NIFES should continue as a private company, but be orga- 
nised so as to offer all the types of service then being 
carried out. It is pleasing to record that the staff were so 
confident of the viability of the company that they were 
able to agree amongst themselves to raise a share capital 
and give certain further financial guarantees so that the 
government agreed to sell the assets and goodwill. As a 
result the work of NIFES continued without interruption 
and with the same staff. Modest profits have been made in 
each of the first two years of private operation and the 
enginering staff has increased by around 25% since the 
government handed over ownership. 

What is the present company offering? First, there is the 
enormous amount of experience. Many of the present staff 
have been successively with the Fuel Efficiency Branch and 
NIFES and others came from other industrial connections 
to NIFES many years ago, so that a good proportion of 
the staff have more than twenty years of experience in fuel, 
process, heating and allied problems. 

The service has always offered to its thousands of clients 
an impartial advisory and testing service, at first con- 
centrating on fuel and heat problems but very soon ex- 
panding into many allied fields. It pioneered the idea of 
energy measurement and costing and with a unique feed- 
back system of its wealth of experience over the whole 
diverse range of industrial, government department, hos- 
pital and local authority work, it can claim to be able to 
present a client with the likely operating characteristics of a 
new plant before it is built. Unfortunately the myth of 
reliability of fuel suppliers has also been exploded in recent 
years by strikes and other industrial action and NIFES has 
helped many companies to install standby electrical sup- 
plies or dual-fuel systems, often showing that the cost of 
standby plant can be turned to profit by using it to avoid 
peak load charges. 

In 1969 an independent survey of the results obtained by 
NIFES advisory and testing services was carried out and 
showed that in the first fifteen years of activity total fuel 
savings were at least 20 million tons of coal equivalent, 
and these are continuing savings because of alterations in 
process or production, or the running of existing plants at 
higher efficiency. The survey concluded that for each man- 
day spent on investigations and surveys by engineers, the 
resulting recommendations saved 20 tons of coal or its 
equivalent a year, much of which would continue to be 
saved each successive year. Since 1969 many further visits 
and surveys have been made, and a very conservative ap- 
praisal now suggests that some 30 million tons of coal 
equivalent have now been saved. 

If the whole of industry raised its standards of energy 
utilisation, within practical limitations of scale, to that of 
the more efficient companies, an annual saving of 
more than £350 gniflion could readily be made by known 
and pro%ed techniques and practice which are financially 
viable even at today’s energy costs. This is in fuel costs 
alone, and at 1974 fuel prices. There would also be inci- 


Nature Vol. 249 June 21 1974 


dental savings in many cases because of reduced replace- 
ment, maintenance and labour costs, better working con- 
ditions and production improvements. Reduced pollution 
would also result from improved and more efficient fuel 
usage. 

Heat and power surveys carried out over a reasonable 
sample of industrial groups indicate the potential savings 
shown in Table 1. The figures do not include the further 
Savings possible by improving thermal insulation standards. 





Table 1 Potential fuel savings ` 


Industrial group Mean saving (%) 


Ceramics, brick, glass 15.0 
Chemicals i 18.0 
Iron and steel 20.0 
Engineering and metals 18.0 
Textiles and leather 15.0 
Food, drink and tobacco 15.0 
Other manufacturing l 21.0 


The Thermal Insulation (Industrial Buildings} Act 1959 
is one example of legislation which has made a positive 
contribution to energy conservation during the past 14 years. 
These standards are inadequate in the light of higher com- 
fort standards, higher fuel costs and energy shortage. They 
are, in fact, among the lowest in Europe. 

The regulations should be brought up to date by: 

@ Specifying lower standards of heat loss for roofs to re- 
duce losses to half the present permissible figures. 

© Extending these standards to cover walls also. 

@ Applying them to existing buildings, say over a period 
of seven years, as well as to new buildings. 

@ Extending the definition' of buildings to include com- 
mercial and local authority buildings. 

@ Making some measure of control of space temperatures 
mandatory. 

@ Insisting on higher insulation standards for commercial 

and domestic buildings. i 

Such a policy would reduce the yearly usage of energy 
in Britain by at least 6 million tons coal equivalent and 
with rising fuel costs would be an economically viable pro- 
position in the majority of installations. This takes no 
account of similar possible high savings on domestic premi- 
ses. 

There is an inbuilt financial incentive in energy savings. 
An exhaustive NIFES survey in 1965, covering industrial 
establishments, proved that a total capital investment of 
£2.5 million in new and modified plant yielded a saving of 
300,000 tons coal equivalent a year. The payback period 
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was two years for the sample taken. Although the capital 
expenditure nowadays would be substantially higher, fuel 
costs have risen much faster than the cost of energy-using 
equipment. (As the present high rates of interest have a 
deterring effect on investment in plant not directly associa- 
ted with production, there would seem to be a case for 
reintroducing special investment grants for capital outlay 
on energy-saving equipment.) 

Finally, a few examples where savings have becn made. 
At a Midlands steelworks engaged in the production of 
stampings, tests were made on seven oil-fired bar heating 
furnaces. Defects were found on some burners, there was 
scope for further insulation and the design of the furnaces 
could be improved, even though the overall performance 
was as good as the average for this industry. With the 
cooperation of both operators and management, modifi- 
cations were made. On a typical furnace, throusfput was 
increased by 14% and oil consumption reduced bY 15%, so 
that furnace performance measured in gallons of oil per 
ton of throughput improved by 25%. 

At a gelatine factory a campaign was undertaken which 
covered reorganisation of the steam distribution, replace- 
ment of steam traps and improvements in recovery of hot 
water, tests on evaporators, boiling tanks and driers to 
improve their performance and reuse waste heat in other 
parts of the process, setting up a record system to examine 
daily steam usage in departments and reorganisation of 
the distribution of cooling water. This resulted in a re- 
duction of 29.5% in the amount of steam used per ton of 
gelatine produced. 

Whisky distilleries traditionally operated with stills heated 
from below by hand-fired furnaces using expensive large 
coal. For many years NIFES has cooperated with a num- 
ber of distilleries in a quiet revolution in the whole whisky- 
making process. Several have converted their stills to 
steam heating, using highly efficient boilers, and to fullscale 
waste heat recovery systems to reduce dependence on rivers 
and: streams for cooling water, At these converted plants, 
fuel savings of 50%, and in some cases slightly more, have 
been made without any change in the character of the 
whisky produced. 

A company making glazed clay sanitary pipes were ex- 
periencing difficulties in drying larger sizes after the mould- 
‘ing process so that they could be fired and glazed in the 
kilns. After a series of tests modifications were suggested 
to drying procedures, using high humidity enclosed drying 
chambers for the first few hours. This reduced the pro- 
portion of cracked and unsaleable pipes from 45% to 5%, 
so that although there was little effect on fuel usage for 
drying, saleable production was almost doubled. 
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Heat from nuclear reactors can be used for several purposes 
other than the generation of electricity, for example as a 
source of heat for chemical processes or for producing 
‘synthetic’ fuels. : ° 


THE total world consumption of energy is at present running 
at an annual rate of about 2, x 10 kJ most of which is derived 
from fossil fuél sources. This is approximately 0.2 Q a year 
where the unit Q = 108 BTU = 1.054 x 1018 kJ is a con- 
venient measure in talking of world energy consumption. The 
ingident solar energy over the surface of the Earth is 5,200 Q 
a year. Estimated coal reserves would be sufficient to meet this 


«ate of consumption for about 1,000 yr but the calculated 
e 
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reserves of crude oil and natural gas would be barely enough 
to satisfy such a demand for 100 yr. 

The pattern of utilisation of primary energy sources is, how- 
ever, not compatible with their availability, oil and natural gas 
being preferred, to the extent that about two-thirds of our power 
is now derived from these. This has been a natural consequence 
of the fact that until recently they have been cheaper and more 
convenient to use than solid fuels and easier to transport over 
large distances. 

Electricity plays an ever increasing role in the energy mix, but 
the present world consumption, about 6 x 10! kW h a year, 
corresponds to only about 10% of the total primary energy 
supply. This ratio is certain to increase in the future but the 
extent to which it may do so is limited by a number of important 
factors which have to do with the problems of storage, port- 
ability and transmission of electricity. Economic considerations 
generaffy"lictate that electricity should be generated in large 
centres ffom which it has to be distributed by overland trans- 
mission lines. The range of distribution is limited by the fact 
that such lines are expensive and losses are high. In this respect 
it is much more economic to transport energy over large 
distances in the form of liquid or gaseous fuel. 

No large scale method of storing electrical energy at an 
acceptable cost has yet been developed and this, of course, 
results in poor utilisation of expensive electricity generating 
plant, arising from fluctuating load requirements. There is no 
corresponding problem in the storage of primary energy in the 
form of oil or gas, of course, and these may be converted locally 
into the energy form required as the demand arises, including 
the generation of electricity with relatively inexpensive small 
plant such as gas turbines. 

Except in the case of railways, electricity is relatively useless in 
transportation because of the problems of devising reasonably 
light and compact forms of storage. These problems must be 
regarded as completely insoluble in the cases of aircraft and 
ships and practically so for fast long distance road transport. 
The reason is quite fundamental, namely, that only a liquid fuel 
can meet the requirement of energy carried per unit volume and 
mass in these cases. 

The foregoing considerations suggest that however far we 
may go in utilising energy in the electrical form, there will 
always be a requirement for liquid or gaseous primary energy 
supplies in at least equivalent amounts. This is important in 
considering the possibility of utilising nuclear energy to replace 
the dwindling resources of fossil fuels. Up to the present, 
nuclear fission has been seriously considered only as a source of 
energy for electrical power generation, but as we have seen this 
will not meet the total demand for directly usable energy and 
almost certainly not even the major part of it. It is necessary in 
the circumstances to consider the ways in which the heat 
generated by nuclear fission may be more fully utilised to meet 
the overall needs and not merely to generate electricity to be 
supplied through the grid. 


Scope for nuclear reactors 

In looking beyond the use of nuclear reactors exclusively to 
generate electricity, it is necessary to examine possible applica- 
tions in the following catagories: 

(i) the direct use of waste heat in the thermodynamic cycles 
involved in generating electricity (low temperature processes); 

(ii) the direct utilisation of the heat output of reactors in 
chemical industrial processes supplemented by electricity pro- 
duction (high temperature processes); 

(iii) direct or indirect application of nuclear heat supply to 
produce synthetic liquid or gaseous fuels (high temperature 
processes or methods involving jntermediate electrical power 
generation). i 

The average efficiency of energy conversion from heat into 
electricity at present is about one-third. In the application of 
nuclear fission this figure is barely matched by water-coaled 
systems, because of the low steam inlet temperature in the power 
cycle, not exceeding 300° C, compared, with around 550° C m 
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modern fossil-fuelled stations whose net efficiency may be 
about 40%. The residual heat, amounting to 60-70% of the 
total, is wasted and its dissipation often presents embarrassing 
problems. Considerable attention is now being paid to the 
utilisation of this reject heat, notably for district heating and 
possibly for desalination. 

The widespread utilisation of the waste energy for district 
heating is inhibited by the problems of siting central electricity 
generating stations in appropriate population and industrial 
centres, where the demand is likely to match the availability of 
the heat. Social, technical and economic problems are certain 
to limit the scope for adopting this practice on a large scale, at 
least in the foreseeable future. Apart from this limitation, how- 
ever, technical considerations have to be taken into account. 

In normal] steam cycles the peak temperature of heat rejection 
is low (~ 50° C) and effective use of the waste heat requires that 
this should be raised. Reduction in the efficiency of the cycle in 
producing electricity is acceptable if the reject heat is being 
utilised, so that it is permissible to raise the back pressure of the 
steam and the condenser temperature. This merely implies 
trading electrical energy for useful heat. It is, however, obvious 
that there is much less scope for doing this in the low tempera- 
ture cycles of water-cooled reactors than in modern conven- 
tional steam cycles whose source temperatures exceed 500° C. 
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Fig. 1 Direct cycle with utilisation of waste heat. Helium 
temperatures: 1, ~950° C; 2, ~ 200° C. 
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The greatest prospects for utilising the reject heat of power 
conversion undoubtedly lies with the adoption of the high tem- 
perature reactor used in direct cycle with a gas turbine. In this 
system (Fig. 1) the helium acts as the working fluid in the 
thermodynamic cycle and expands through a turbine which 
drives the electricity generator. This power cycle, with a turbine 
inlet temperature of 950° C and an efficiency of conversion to 
electricity slightly in excess of 40%, would involve heat rejection 
at a peak temperature around 200° C. Such a high temperature 
would not only facilitate the utilisation of the waste energy of 
the cycle for district heating but would introduce possibilities for 
applying the heat, in a variety of industria] processes, Further- 
more, in this system, the potential will exist for increasing 
eventually both the turbine inlet and the heat rejection tem- 
peratures while maintaining the efficiency of the cycle in terms 
of electrical power output. In this way it would be realistic to 
consider the application of waste heat in processes requiring 
heat (possibly as steam) at temperatures up to 250° C or perhaps 
higher. 

Turning to the second category of possible applications of 
nuclear energy, we have a procedure in which the hot coolant 
emerging from a reactor is used to provide thermal energy 
directly in some high temperature industrial process. This is the 
so-called process heat application of nuclear reactors, which, 
clearly, is only meaningful if it is associated with the use of the 
high temperature gas-cooled reactor. So far the technical and 


Nature Vol. 249 June 21 1974 


economic feasibility of using reactors to provide heat directly 
in this manner has only been considered for a limited number of 
processes, of which the steam reforming of methane and its 
application in iron ore reduction has received particular 
attention. f 

The application of nuclear heat in the steam-methane re- 
forming process would involve using a nuclear reactor to 
heat helium to a sufficiently high temperature and transferring 
the heat from the helium to a mixture of methane and steam 
in an appropriately designed heat exchanger in which. these 
latter gases would be brought as near as possible to the 
peak helium temperature, in the presence of a catalyst. A 
range of temperature from 750° to 950° C is estimated to be 
required for this purpose. The immediate chemical-reaction 
products tn this process are hydrogen, carbon dioxide, carbon 
monoxide and residual steam and methane, which must be 
cooled to an intermediate level at which carbon monoxide 
can be reacted with additional steam to convert it to carbon 
dioxide. Further cooling to ambient temperature would be 
required in order to remove the carbon dioxide, residual 
water vapour and any higher hydrocarbons that might be 
present, leaving a mixture of hydrogen and surplus methane. 
Low temperature separation of methane from the hydrogen 
can leave the latter in a fairly pure state. . 

If the hydrogen were required to be used in ore reduction 
it would be reheated in the same plant, in counterflow re- 
generative heat transfer with the cooling products of the 
reforming process and further heat from the reactor helium 
added as necessary for the ore reduction. 

The use of hydrogen and nuclear heat to reduce iron ore 
to sponge iron is an attractive alternative to the present process 
which uses coke both as a fuel and as a reducing agent in blast 
furnaces. This arises from the high cost and scarcity of coke 
in many parts of the world. But natural gas, which is likely 
to be a rapidly disappearing commodity early in the next 
century, can hardly be regarded as a satisfactory source of 
hydrogen in the longer term. Consideration of this brings one 
into the third and perhaps most important category of nuclear 
energy applications, that is its use to produce substitutes for 
the liquid and gaseous fossil fuels. It, has been pointed out 
that these latter currently dominate the primary energy supply 
Situation and that we must expect that the role of liquid and 
gaseous fuel will not significantly diminish in the future despite 
considerable increase in the utilisation of central station 
electricity. Because of this one should think in the future in 
terms of central energy stations which will export not merely 
electricity, but also liquid and gaseous fuels and that, in fact, 
the energy content of the latter may considerably exceed that 
carried by the former. 

The ultimate key to the provision of substitutes for oil and 
natural gas lies in the intermediate production of hydrogen. 
In principle, this involves the absorption of energy in water 
to split it into its constituents. The established method of 
doing so, of course, is by electrolysis. In going from nuclear 
heat to hydrogen in this way, however, two efficiency factors 
are involved, namely, the efficiency of electricity generation 
and the efficiency of the electrolysis process. The former would 
be as low as 30% for water-cooled reactors, whereas the latter 
on the basis of existing technology is 70% at best, implying 
that the hydrogen product would carry only about 20% of 
the original thermal energy released. There is scope for event- 
ually improving on this overall efficiency by a factor of two, 
partly by developments in the electrolysis process and partly 
by substantially increasing the efficiency of electricity produc- 
tion which should be possible as a result of longer-term de- 
velopments of the high temperature reactor with direct gas 
turbine or dual cycles. 

To achieve a hydrogen yield corresponding to-more than 
40% of the input thermal energy, however, would?® require 
the adoption of a pyrolysis process, directly utilising the 
nuclear heat to split the water. Direct thermal decomposition 
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of water is ruled out in so far as it would require a temperature 
of about 4,000° C to give a high yield of hydrogen by this 
means. But it is possible to devise sets of chemical reactions 
involving various reagents whose net effect is to consume 
water and produce hydrogen while regenerating and recycling 
the reagents. Many such sets of reactions, involving three or 
four stages, are now known and can proceed at temperatures 
lying within the capabilities of the helium-cooled high tem- 
perature reactor; they offer the real possibility of producing 
hydrogen from water in a direct nuclear process heat applica- 
tion. 

An alternative route to hydrogen production exists while 
solid fossil fuels remain in reasonable supply, which is likely 
to be the case over the next century, namely, the gasification 
of coal and lignite. The conventional steam—-oxygen process 
of producing hydrogen from coal involves burning some of 
the coal with the oxygen to produce the heat requisaaefor the 
steam to react with the remaining carbon producing initially 
hydrogen and carbon monoxide, the latter being subsequently 
reacted with additional steam to produce carbon dioxide and 
further hydrogen. Methane is an alternative product obtained 
by reacting some of the hydrogen with the carbon dioxide, 
carbon monoxide or the coal itself. The heat used in the 
endothermic steam—carbon reaction, of course, is transferred 
internally from the coal burning in the oxygen in the same bed. 
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Fig. 2 High temperature process heat application. 


The application of nuclear energy would involve externally 
heating the reaction vessel by means of hot helium instead of 
the internal combustion of some of the coal. By using external 
nuclear heating the yield of hydrogen from a given amount 
of coal could be about 45% higher than that obtained by 
the conventional combustion method. This important reduction 
in coal consumption would provide sufficient incentive to 
adopt nuclear heating which would otherwise have to be 
justified on questions of cost, with the much higher capital 
investment of the nuclear plant being weighed against the 
high cost of the additional coal required in the steam—oxygen 
process. 

Considerable differences of opinion exist in estimating the 
temperatures required to gasify coal by reacting it with steam. 
Most experts consider that the peak temperature of the reacting 
materials would need to exceed 1,000° C for the process to 
proceed at dn economic rate with hard coal and perhaps 
900° C in the case of lignite. Lower temperature gasification 
is possible by reacting the coal with hydrogen to form methane 
(an exothermic process) and using nuclear heat in the steam- 
wiethane reforming process to produce hydrogen, part of 
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which is then recycled to react with the coal. There is a net 
production of hydrogen in this process which is the same 
for a given carbon consumption as in the steam gasification, 
with the alternative possibility of extracting this net yield 
in the form of methane. This process would be more attractive 
than steam gasification if it were not for the fact that a sub- 
stantial fraction of the coal defies attack by the hydrogen 
and remains as a char. Success of the process depends con- 
sequently on the eventual possibility of being able to convert 
the char or otherwise use it as a source of carbon or energy. 


Technical requirements 

The discussion so far in this article has concentrated on the prob- 
lem of using nuclear energy to produce substitutes for the liquid 
and gaseous fossil fuels which play such a vital role in supply- 
ing ourgnergy requirements. There are many other possibilities 
for using.high temperature heat from nuclear reactors to carry 
out industrial processes on site and many of these may prove 
to be commercially attractive. The important fact which 
emerges In a consideration of these is that they will call for 
substantially higher helium temperatures than are needed for 
steam cycle electric power generation. In the latter case a reactor 
outlet temperature of 750° C is ample to generate steam at 
say 550° C. If, however, one is to provide heat for chemical 
processes ranging upwards from about 750° C we have to 
contemplate the achievement of reactor outlet temperatures 
of at least 950° C. This would allow for the use of an inter- 
mediate heat transfer circuit, with a primary heat exchanger 
transferring energy from the reactor helium to helium in the 
intermediate circuit, and a secondary process heat exchanger 
transferring heat from the intermediate circuit to the reacting 
materials in the chemical plant. The purpose of the inter- 
mediate circuit is to provide a safe isolation between the 
slightly radioactive primary helium and the hot, chemically 
active materials in the process plant (Fig. 2). 

The feasibility of achieving helium temperatures from the 
reactor core in the region of 950° C has already been firmly 
established. In fact, the AVR at Jülich in the German Federal 
Republic is now operating at that temperature and in the 
Dragon Reactor Experiment helium emerges from the hottest 
channels at temperatures in the range 1,000°~1,100° C. Develop- 
ments in fuel and core materials technology lead to the expec- 
tation of mixed helium outlet temperatures perhaps as high 
as 1,200° C in a few years. The problems of handling gas at 
such high temperatures elsewhere in the reactor primary 
circuit, and to a lesser extent in the intermediate circuit, are, 
however, quite formidable. Thermal insulation will be an 
aspect presenting many difficulties but undoubtedly the major 
problems will be associated with the interface heat exchangers, 
particularly the primary ones. It may be necessary to depart 
from the more conventional use of metals and go to ceramics 
or graphite in heat exchangers where the surface temperatures 
exceed about 1,000° C. 
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There would also be temperature problems to some extent 
in the cooler arms of both primary and intermediate circuits 
of nuclear process heat plants. This is because it is not conven- 
ient to have helium above about 350° C in those regions which 
contain the circulators, control machinery, and so on. The 
helium temperature drop across the process heat exchanger 
may be only in the range 200°-400° C so that it will emerge 
too hot for convenient recirculation. For this reason it would 
be desirable to take the helium from the high temperature 
process through a further stage of useful heat removal, most 
probably in providing the steam to generate electricity so 
that the plant serves a dual purpose. 


Availability of nuclear fuel 

It has been assumed here that nuclear fission might be used 
as a more or less complete energy substitute for fossil fuels. 
Such an assumption, apart from technical and economic 
factors, is only valid if the exploitable resources of fissile 
material are many times greater than those of fossil fuels. 
The workable reserves of the latter are estimated to be about 
200 Q which corresponds to about 2.5 million tonnes (Mt) 
of fission. In a situation in which sufficient fast breeders exist 
in sufficient proportion, this quantity of fission could be 
obtained from about 4 Mt of natural uranium which should 
be substantially less than that which should be ultimately 
available from high grade ores at around £10 per kilogram 
of uranium. Breeder reactors, in fact, could use uranium at a 
price two orders of magnitude higher, which would make 
available extensive low grade sources of uranium, notably 
the 4,000 Mt that exists in solution in the oceans. On this 
basis, the available fissile energy is incomparably greater than 
that contained in recoverable fossil fuels. 

Unfortunately, the sodium-cooled fast breeder reactor on 
its own does not fit into the process heat strategy and would 
only contribute to it if the breeding gain of the fast reactors 
were sufficiently great to make up the breeding deficits of 
thermal-neutron high temperature reactors of at least equiva- 
lent energy output. (Exclusive use of sodium breeder of course 
would still permit the generation of hydrogen by the electro- 
lysis route, but the installed capacity of the reactor plant 
would then be much higher than in the pyrolysis route.) 
Alternatively, a helium-cooled fast breeder reactor capable 
of attaining the same output temperatures would need to 
be developed. This is by no means out of the question. 

In the absence of satisfactory fast breeders, however, a 
nuclear process heat strategy on a level of at least 1 Q per 
year could be supported with thorium cycle high temperature 
reactors operating in a thermal-neutral near breeding regime. 
These might require about 300,000 t of natural uranium and 
15,000 t of thorium to yield 1 Q of heat and it would be 
economically feasible to use uranium from sea water in this 
application. To all intents and purposes this would constitute 
an indefinite supply of energy. 
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9 
Solar energy is one form of income on which we can afford 
to live. Here is another proposal: the use of power from 


the waves at sea. 
o 





THE amount of poyer in a wave train can be estimated by 
calculating the clfange of potential energy as the water in a wave 
above sea level falls into the trough in front of the wave (Fig. 1). 
If the sea water has a density p, and the width of the wave front 
is W, then the mass of water in the half sinusoud above sea 
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level Js 
W(d/2) (Ai-/24/2) 


using the notation defined in Fig. 1. The height of the centre 
of gravity above sea level is 


Hic]? X 24/2 


falling to an equal distance below. In such a situation the change 
of potential energy would be 


Wp MD) he2 2P = WpgH,?| 16 
It is known that the frequency of gravity waves in deep water is 


C/A) (gA/2m)/? 
and, therefore, the rate of transfer of potential energy, or the 
power, is 
WogH,.* (8A) [164/27 (1) 

Progressive waves transport energy across the sea, and it is 
valid to say that the rate of transport of energy across some line 
is power. Power density can be specified conveniently in kW m~ 
of frontage. 

The Institute of Oceanographic Sciences publish valuable 
data on waves using instruments developed by Tucker and 
Pierce!. Draper and Squire? have analysed observations from 
Station India (59°N 19°W) which is characteristic of the western 
approaches to the Hebrides. The amount of power is prodigious. 
The relationships between various wave parameters have been 
explained’. For waves at sea it is more convenient to measure 
the period, T, than the wavelength, A. Oceanographers like to 
use a height measurement, H,, the significant wave height, 
defined as the average height of the highest third of the waves. 
In order to extend this discussion to include random waves at 
sea, Hic of equation (1) can be converted to H, using the root 
mean square displacement, Dms : in a sinusoidal train 


Hy. == 24/(2) Dr ms 
H; = 4D,ms (ref. 3) - 
Hy, = H2 
Wavelength, A, can be converted to period, T: 


A = T2e/2n 
.. Power = Wpe*TH?/64x (2) 
The power which could be extracted can be predicted (Fig. 2 
and ref. 2). Computer programs can apply equation (2) to each 
cell of Fig. 2. The average power over a whole yearis 77 kWm of 
frontage. Model tests suggest that the fraction of energy which 
may be extracted depends on the depth of the installation. 





Fig. 1 Part of a progressive tain of sinusoidal gravity waves 
in deep water. A, wavelength; Htc, trough to crest height; 
Cg, centre of gravity. 


Above a depth d, this fraction is 1—exp (—81?2d/T*g). New 
arrays can be drawn up for different depths, with each cell 
containing the contribution down to that depth. Unfortunately, 
some of the power comes in uncomfortably large amounts. 
A practical installation might need to be underdriven or sub- 
merged during the most severe weathef. Further arrays for 
different power limits can be constructed with the confributions 
of high power cells reduced to some allowable maximum. Table 
1 shows the results for combined depth and power limit reduc- 
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Fig. 2 Scatter diagram for whole year observations at Station 

India reproduced from ref. 2, showing the number of 

occurrences, in parts per thousand, of waves of a particular height 
and period. 


tions from three sea areas, and Fig. 3 shows the relationship 
between power density and wave period for the three observing 
stations. 


Design problems 


A search of British Patents shows about a hundred proposals of 
varying feasibility for extracting wave energy (see refs. 4 and 5). 
There was a spate of them after the First World War. Flaps, 
floats, ramps, converging channels and liquid pistons are all 
advocated, and much ingenuity is expended in accommodating 
tidal rise ard fall. Model tests on some proposals, however, 
show poor efficiency. More recently, though, the successful 
operation of equipment at low power levels for buoy and light- 
house use, has been described. (Y. Masuda, and T. Yoshida, 
preprints.) 
+ 
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The essential problem is finding a method to convert dis- 
persed, random, alternating forces into concentrated, direct 
force, using a mechanism which is efficient at low levels and yet 
robust enough to withstand the worst conditions. I believe that 
rigid connections to the sea bed are not possible on a large 
_ scale, and that the installation must be freely floating out at sea. 
As much ofthe equipment as possible should be below the 
surface. Concentrations of stress must be avoided, and power 
should be extracted smoothly. 


Annual power density (kW m7!) 





6 7 B S pO OD R nB, 
Zero-crossing period T} (s) 


Fig. 3 Distribution of Sanaa power density with period: a, 
Station India; b, MV Famita; c, Sevenstones. 


Moving parts, are generally troublesome, but designs without 
them can only produce large volumes at low pressure differences, 
and need some kind of transformer for efficient conversion. 
I must, therefore, reluctantly accept the conclusion that the use 
of moving parts is unavoidable. I think that it is best to use 
rotating elements, and to protect mating surfaces from the sea. 
It will be difficult to gather in power from many small units 
moving independently, and so there should be a common 
framework for a number of them. As waves transmit energy 
to one another with very high efficiency, the water must be 
allowed to move in its usual circular pattern. ` 

The first step is to get away from the idea of an object bobbing 
up and down, although, of course, it is this aspect of wave 
motion which is most apparent. Use of the to and fro move- 
ment would be much more rewarding. The energy passing 
through a vertical window is concentrated clase to the surface 
and the water movements at all depths are of the same phase. 
I have tested a simple vertical vane pivoted about a horizontal 
axis along its bottom edge one eighth of a wavelength down. It 
works over a reasonable range of wavelengths and it shows an 
efficiency of about 40% when driving an electronic dynamo- 
meter. Roughly 25% of the energy is transmitted onwards, and 


about 20% is transmitted back to the source. It would, how. 
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Fig. 4 An efficient vane ahane designed to rotate about O. 
Waves come from the right. 


ever, be much more efficient if, somehow, it could be designed 
so that it did not displace water astern and so that the amount 
of water displaced at any depth corresponded to the amplitudes 
of water movements at that depth. But is a vane of this kind 
possible? 


The design 


Consider the shape shown in section in Fig. 4. It rotates about 
its centre, O, and absorbs power from waves coming from the 


right. Its stern is a half cylinder centred at O, but from the 


bottom point it grows into a surface which is another cylinder 
centred about O’. This shape continues until it reaches an angle 
@, ‘to the vertical, at which point it develops into a tangent, 
which is continued above the surface. In my first model, O” is 
one half radius above O, and 6 = 15°. The efficiency for wave- 
lengths of about eight times the diameter of the small cylinder 





Fig. 5 A vertigal section through vane and spline pump. a, 

vane; %, a hollow cylindrical member; c, paraxial ridges; d, 

inward facing ridges on the vane; e, vertical fin between this 

. vane and the next. For the North "Atlantic the diameter of the 
cylindrical portion will be between 10 and 20 m. 
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is over 80%. I intend to test the theory that a good vane should 
be able to extract nearly all of the power contained in the band 
of water above its depth of immersion. 

When the vane moves there is nochange in the displacement 
of the water behind it and the changing displacements in front 
of it rise from zero at the bottom of thé cylinders to amounts 
close to those in the approaching wave. This means that the 
shape meets the necessary requirements. It is, so far, the most 
successful of the likely shapes that I have been testing in a wave 
tank. The models are coupled to a dynamometer consisting of 
two moving coils in a magnetic field. Velocity signals from one 
coil are amplified and sent to the other so as to oppose move- 
ment. Velocity and force signals are multiplied to indicate 
power absorbed by the vane and are compared with wave height 
measurements. This electronic simulation is very convenient for 
laboratory tests. 

In full scale equipment at sea, the random rotations of a vane 
will produce unidirectional pulses of water flow through a 
special pump (Figs 5 and 6). The water is deoxygenated and 
decarbonated, and recirculates within the system. A vane is 
supported on, and rotates about a hollow-cylindrical member 
with paraxial ridges on its surface. The outer faces of the ridges 
are supplied with high pressure water from an auxiliary pump, 
and they form hydrostatic bearings®. Between them there are 
inward facing ridges from the vane. The pair fit as a spline with 
close radial, but very loose circumferential clearance. The 





Table 1 Annual power density for.different combinations of depth 
and power limit. 


oho 


Depth (m) Power limit (kW m~?) 
a 100 200: 300 
5 22.1 - 24.0 24.1 
7.5 29.0 . 32:3 33.0 
10 33.5 38.6 40.0 
15 39.1 47.0 49.8 
20 42.4 51.9 56.0 
25 44.1 55.0 59.8 
b 
5 - 16.4 16.5 16.5 
7.5 20.8 21.5 21.5 
10 23.8 25.1 25.1 
15 27.1 29.4 29.8 
20 28.7 31.8 32.4 
25 29.5 33.0 33,9 
c 
l 5 10.9 11.0 11.0 
7.5 14.2 14.5 14.5 
10 16.6 17.1 17.2 
15 19.3 20.7 20.8 
20 20.9 22.1 22.9 
25 21.8 23.9 24.2 


a, Station India (59°N 19°W), total power = 77 kW m~t; b MV 
Famita (57° 30’N 3°E), total power = 36.8 kW m7; c, Sevenstones 
of Lands End, total power = 25.8 kW m =. 


spaces between the inward and outward facing ridges form four 
double acting pumps with nonreturn Macleod valves? in the 
walls of the ridges on the cylinder (Fig. 5). These valves were 
originally developed for use with blood pumps. They consist of 
an elliptical butterfly plate across a conical passage. The centre 
of rotation does not pass through the centre of pressure and so 
there is a strong closing action. In the open state they offer 
minimum occlusion and are the most efficient nonreturn 
valves that I know of. The working surfaces of the pumps are 
faced with ceramic, and are ground. s 

A common back bone for about 40 vanes is provided by the 
cylindrical member. An outer tube contains manifolds con- 
necting the spline pumps to a common turbine at the centre of 
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the structure. The high pressure manifolds (400 pound inch~?) 
are made from 1 m diameter pipes (Fig. 6). Inside this ring of 
pipes is a large tube which forms the low pressure manifold and 
which returns water from the turbine to the pumps. The inter- 
stices between the. pipes and the inner and outer tubes are 
filled with a mixture of lightweight concrete, glass fibre and 
resin. The ends of the pipes and tubes are swaged to allow a 
clamped connection of each length to the vertical fins fitted 
between vanes (Fig. 5). These fins house trim tanks, pressure 
smoothing accumulators, and the pipe work which couples each 
pump to the manifolds. At the bottom of the fins concrete 
ballast keeps the centre of gravity well below the metacentre. 





Fig. 6 Enlarged section of the spline pump, showing one 

ridge and the manifolds. c, Paraxial ridge shown in Fig. 5; 

outer tube containing manifolds: g, pipes of 1 m diameter; h 
large tube, forming the low pressure manifold. 


A crucial problem facing the designer of wave power 
machinery is the provision of a steady reference against which 
his waves can act. Many approaches use connection to the land 
but this design would operate out at sea. A stable reference 
can, however, be supplied by using a structure 0.5-1 km long. 
A short machine would pitch and heave and develop little force 
between vane and backbone. As the length is increased the 
installation samples a wider range of wave phases and becomes 
more and more steady. Stability is obtained from the inertia 
of the ballast weight, from the drag of the deeper parts in 
quieter water, and from the coupling of the machine to waves 
of opposing phase. The only drawback to using very great 
lengths is that the stress which can be developed by the worst 
conceivable wave rises with the square of the length. The largest 
predicted wave in 50 years in the North Atlantic would have a 
trough-to-crest height of 34 m and a period of 16.5 s. The 
surface particle velocity would be 6.5 m s™ with a resulting 
stagnation pressure of 21,000 N m~*. The shear forces and 
torsions which result from such monstrous waves would not be 
the most serious problem. It is the bending moments which 
are critical, and which set limits to the lengths which can be 
used. 


Energy storage 


In common with solar, nuclear, and wind power, wave power 
comes at times not necessarily convenient to the user. Although 
its seasonal availability roughly matches demand, the problems 
of storage “and distribution require careful attention, and will 
have to ‘be taken into account in the overall planning. 
Electrolytic production of hydrogen from sea water looks 
promising in this respect. 

The installations could be self propelled. They could move in 

om 


724 Energy Review 


line ahead, a low drag condition, out into the Atlantic, turn 
abreast to the waves, and be slowly driven back by wind. and 
wave thrust, storing hydrogen on the way. Most of the hydrogen 
could be discharged at a shore terminal, leaving enough to get 
out to sea again. This mobility gives many advantages, and 
obviates the mooring problem. 

Wave power is clean, safe, permanent and uses relatively 
simple and well known technology. It is likely to receive 
plenty of support after a bad nuclear accident but it would be 
prudent to have the basic research done now®, We are partic- 
ularly fortunate in our resources of wave energy. The approaches 
to the Hebrides are probably the best site in the world. A few 
hundred kilometres of installation could meet the total present 
electrical energy requirements of the UK. 

I would like to thank the University of Edinburgh and the 
Nuffield Foundation who supplied my workshop facilities, the 
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National Institute of Oceanography, and my colleagues Drs 
O. P. Buneman, C. A. Greated, D. Mollison, and J. W. Ponton, 
for their help and criticism, and Sheikh Ahmed Zahi Yamani 
and OPEC for their continuing encouragement. 
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Prospects for hydrogen as an energy resource- 


J. K. Dawson 
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Storing energy in the form of hydrogen is an attractive 
possibility to provide fuel for transport and the reduction of 
iron ore. The main obstacle is the expense of the electricity 
needed to synthesise hydrogen. 


THE recent restrictions placed by the producing nations on the 
global supply of oil, and the growing realisation that world 
demand for oil and natural gas is increasing at a rate faster than 
the discovery of new resources, have focused attention on the 
need for alternative energy resources. There is no immediate 
crisis in terms of proven oil and gas reserves, but development 
towards alternatives should start soon if the new technology is 
to be widely available when it is needed. As an indication of the 
time scale required for the introduction of a new energy 
resource it is worth pointing out that 18 years after the com- 
missioning of the first Calder Hall reactor, nuclear power has 
still not achieved more than 10% penetration of the market for 
electricity production in the United Kingdom. 

Forecast of the time when the rate of production of oil will 
begin to decline vary over a considerable period, and might be 
as early as the mid-1980s if historic trends continue: it js 
assumed here that the decline will certainly be evident by the 
end of the century. As we approach that time two primary 
energy sources are likely to assume over-riding importance: 
coal and nuclear fission. But synthetic secondary fuels are likely 
to be needed for special purposes and hydrogen could be one 
of these. Hydrogen is best regarded as a potentially attractive 
means of storing and transporting energy which can be provided 
from a variety of primary sources: it is therefore more analo- 
gous to electricity than to oil, although some of its most 
rewarding applications may be as a substitute for oil products. 
The hydrogen would be produced from water and in this 
process more energy is expended than is recovered in burning 
the hydrogen subsequently; this point will, however, assume 
decreasing importance as the production of Aydrogen moves 
progressively towards dependerfce on renewable energy 
resources. Hydrogen attained industrial importance a few 
decades ago when coal provided the primary energy for water 
splitting; now it is produced in larger quantities from natural 
gas and oil: if it is to achieve the even more widespread use 
implied by the ‘hydrogen economy’ then it will have to be 


based on the energy input from nuclear fission reactors and 
subsequently there could be a gradual transition to nuclear 
fusion and solar energy resources. 

Much has been written on the subject of hydrogen over the 
past few years, culminating in the nearly 100 papers at a recent 
conference devoted exclusively to the subject (see ref. 1). It is 
not possible to review all of this work here; I shall attempt 
rather to take a realistic view of the overall prospects and of 
some of the problems to be overcome. 


Markets for hydrogen 


As oil becomes a scarce resource and nuclear energy takes over, 
in principle all major energy users except air transport could be 
satisfied by the increased availability of relatively cheap elec- 
tricity—-much has been written on the advent of the all-electric 
economy. This would also require however, the development of 
major new technology, of which the long range electric road 
vehicle is perhaps an outstanding example. It is possible that 
when the costs of transmission and storage are added to the 
cost of production, under some circumstances hydrogen may 
become competitive with electricity for many uses. This possi- 
bility of interchange and substitution between several energy 
sources renders the whole subject very complex: the forecaster 
finds it fascinating and yet extremely hazardous. 

One of the largest new uses for hydrogen could be as a fuel 
for road transport: in the United Kingdom this might ultimately 
amount to a requirement of several million tons per year. The 
competition will however be strong among several candidate 
fuel supplies: 

@ allocate oil to road transport as a priority item 

@ electricity, based on advanced batteries for energy storage 

on the vehicle 

@ liquified methane (natural or substitute) 

@ methanol 

@ hydrogen 
Each of these possibilities has its advocates and, apart from the 
first item, each has a considerable range of development 
problems to be overcome. Perhaps a ‘mixture of several 
solutions is the mos likely outcome, with each fuel taking a 
particular share Sf the total market. 

Practical experience has shown that the use of hydrogen 
requires little alteration to the internal combustion engine on 
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which so much development effort has already been lavished, 
and the environmental pollution from hydrogen would be much 
Jess than from petrol. It is feasible for the same vehicle to be 
engineered to be able to switch as required between a hydrogen 
and a hydrocarbon fuel supply. Increasing attention is now 
being given to devising the best means of storage of hydrogen 
on road vehicles. Storage as gas would be totally uneconomic 
but on present evidence there is no clear choice between cryo- 
genic techniques and storage in metal hydrides. It is possible 
that hydrides will prove to have over-riding safety advantages. 
The most promising hydride system proposed so far is based on 
iron-titanium alloys, which are capable of absorbing and 
desorbing hydrogen at near ambient temperatures. There is 
much useful basic work to be done to arrive at the optimum 
hydride composition to meet criteria of high hydrogen density, 
low overall mass, avoidance of high operating temperatures, 
and the ability to withstand multiple recycles. 

Economic forces will play a large part in determining whether 
hydrogen really can compete. There is a growing number of 
attempts in the literature to forecast the relative costs of the 
various fuels up to the end of the century, and as would be 
expected they cover a considerable range. For the United 
Kingdom in the late 1990s, the ranges in Table 1 summarise the 
production cost estimates. North American cost predictions 
tend to be a little lower, mainly in the range 100-140 (see ref. 2 
for a useful comparative summary) pence per GJ for hydrogen 
by electrolysis. It is apparent from these figures that there 
would be a chance for hydrogen to become competitive with 
petrol towards the end of the century if the more optimistic 
rather than pessimistic assumptions prevail. Synthetic petrol 
from coal seems somewhat more promising but, as pointed out 
by G. V. Day at a conference on energy, Europe and the 1980s 
at the Institute of Electrical Engineers, London, May 1974, 
environmental restrictions and the availability of labour may 
restrict coal output to below the level required for the large- 
scale synthesis of petrol in addition to coal’s more traditional 
role in electricity production. 

There is potentially a much larger market for hydrogen as a 
substitute for natural gas for the majority of domestic and 
industrial purposes (possibly as high as 12 x 10® tons yr™ in the 
United Kingdom) in which its energy content rather than 
chemical properties are important. As long as supplies remain 
available from the North Sea it will perhaps be impossible for 
hydrogen to compete on cost grounds (a factor of two to three 
lower than the cost quoted in Table 1 would be needed). But 
again towards the end of the century, these supplies may well 
become insufficient and hydrogen could present competition 
to replacement by substitute natural gas (SNG) from coal. 
Though at first sight it might seem possible to utilise the 
existing gas distribution system to distribute hydrogen, there 
may be very substantial problems in technology and in the 
logistics of a gradual changeover. Although this market is very 
large, therefore, it might not prove possible to penetrate it, 
except in the case of communities isolated from the national gas 
grid system. Detailed assessment studies of this aspect of the 
hydrogen economy are required. 

There are specialised uses for hydrogen which may account 


iii 
Table 1 End-of-century fuel production costs in United Kingdom 








pence per GJ 
Petrol (tax free) from crude oil* 140-220 
Petrol from coaltt 110-130 


Hydrogen by electrolysis} (advanced technology) 135-175 








* A range of double to treble the early 1973 costs is assumed. 

{t Extrapolated from a paper presented by G. V., Day at a 
Conference on Energy, Europe an& the 1980s. at the 
Institute of Electrical Engineers, London, May 19%. 

+ Extrapolated from a paper by J. S. Harrison to the Manage- 
ment Group of the Society of Chemical Industry, November 
ber 1973. Coal assumed to cost double 1973 prices, 
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for somewhat smaller demands, but which nevertheless would 
be large by current standards of production. One of these is 
the direct reduction of iron ore for steel making. This idea has 
been around for a long time and is currently attracting more 
attention because of problems created by the diminishing 
supply of metallurgical coke. In the United Kingdom the 
hydrogen demand could rise to the order of 10° tons yr * for 
this purpose. Second, imaginative designers of aircraft have also 
been proposing hydrogen as a substitute for aviation hydro- 
carbon fuel. Modern jet aircraft have voracious appetites for 
fuel: an average passenger in a plane with a load factor of 50% 
‘consumes’ four times his own weight of fuel on a transatlantic 
crossing. Though it could be argued that this should be a 
priority outlet for oil products, some observers have claimed 
that there could be real technological advantages for hydrogen 
in aircraft use. Several preliminary design studies have been 
made of aircraft fuelled by hydrogen for both veræ gh speed 
applications (Mach 5-6) and subsonic jumbo jets, but it is 
evident that much ingenuity will be required to avoid the very 
considerable advantage of low fuel weight per unit of stored 
energy being cancelled by problems arising from the high 
volumetric requirements for storage. If these design problems 
could be overcome, this could be an ideal use for hydrogen in 
transport, because fuel handling would be under strict control. 

Finally, there is a hybrid fuel economy situation in which 
nuclear-based hydrogen could be used to adjust the C:H 
ratio of fossil fuels, as in the production of substitute oil or gas 
from coal. 

Outlined above have been several contenders for the most 
likely new outlets for hydrogen if it can be produced more 
cheaply than at present and in much larger quantities. Assuming 
that the most feasible primary energy source for producing 
the hydrogen from water is the nuclear fission reactor and that 
the only feasible method on present evidence is by electrolysis 
using the nuclear-produced electricity (see below), it is of interest 
to consider the size of nuclear installation that might be 
required (Table 2). The number of reactors of the 1,000 MW 





Table 2 Approximate number of 1,000 MW reactors to serve 
various potential UK markets for hydrogen produced by 
electrolysis 





No. of reactors 


One million cars 3 
Iron ore reduction (based on 1971 output level) 


7 
Fleet of 10 supersonic long-range aircraft 2 





class, currently a reasonably standard size for design and 
construction purposes, would be relatively small to meet 
United Kingdom needs compared with the likely installed 
capacity for electricity production by the end of the century. 


Methods of production 

The outlets discussed above lie in the range 105-10’ tons yr 7: 
at the upper end these are large by present day standards for 
any single country. Two processes are regarded as competitors 
to make the best use of nuclear energy for the decomposition 
of water. The energy could either be used directly as high 
temperature heat to promote thermochemical decomposition, 
or the nuclear energy could be converted into electricity and 
used in an electrolysis plant. 

Although the electrolytic route introduces the additional step 
of electricity production with an immediate loss of up to two 
thirds of the original energy, it is often regarded as the reference 
process. A large development programme would be needed, 
however, to translate current practice into a successful and 
economic plant of the size required. 

« Several authors have demonstrated that the major component 
in the cost of hydrogen from large plants would be the price of 


*the electricity. In order to minimise the latter, the advantages 
® 
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of scale would need to be realised and nuclear stations produc- 
ing about 1,000 MW are envisaged directly coupled to the 
electrolysis plants. Each 1,000 MW complex should be capable 
of producing about 150,000 tons yr~ of hydrogen. This is about 
70 times the size of the largest unit yet built, and a very much 
larger extrapolation from the average electrolytic plant. 

The problems of such very large plants have- not yet been 
fully assessed. It is already clear, however, that conventional 
electrolysers in which virtually all the industrial know-how at 
present resides will not operate at a sufficiently high energy 
efficiency to render them economically viable. It would be 
necessary, therefore, to develop new types of cell probably 
incorporating porous electrodes and operating at high pres- 
sures. One of the most interesting new concepts in this field 
is the solid polymer electrolyte cell described by L. J. Nuttall, 
A. P. Eickett, and N. A. Titterington at the conference on 
hydrogen economy, University of Miami, March, 1974. This 
cell has been developed primarily as a means of producing 
oxygen for aerospace and submarine applications, buf it is 
claimed that it can be adapted readily for large-scale hydrogen 
production. The electrolyte is a solid plastic sheet of per- 
fluorinated sulphonic acid polymer which is a good conductor 
of hydrogen ions, and the cells can be constructed in such a 
manner as to produce hydrogen directly at high pressures, 
thereby avoiding extra compression costs which might other- 
wise be incurred in optimum transport and use. 

An alternative to electrolysis which is stimulating rapidly 
growing interest is the decomposition of water by closed-cycle 
thermochemical processes. At least 10 research centres are now 
actively interested in this possibility and over thirty potential 
cycles have appeared in the published papers. The prize is a 
higher energy efficiency than is possible in the electrolytic 
route, perhaps approaching a factor of two higher under 
favourable circumstances. It is disappointing that none of the 
cycles described so far is an outright winner. The most substan- 
tial programme on thermochemical cycles is that at the Ispra 
laboratory of the Euratom Joint Research Centre. An illustra- 
tive example of the range of cycles which they have proposed is 
based on reactions of the iron chlorides: 


(1) 6FeCl, -4 8H.O aT 2Fe,0O, + 1I2ZHCI f> 2Ha 650°C 
(2) 2Fe30,+ 3Cl,+ 12HC] ——> 6FeCl,;+6H,O+0, 200°C 
(3) 6FeCl,; —— 6FeCl,+3Cl, 420°C 


Insufficient experimental information is yet available on these 
reactions for a conclusion to be reached concerning the cycle’s 
chance of technical success. As with all other proposed cycles, 
certain difficulties can be foreseen, already: reaction | needs 
close control of temperature to avoid a path to different 
products, reaction 3 presents chemical engineering problems 
arising from the volatility of FeCi,. Important constraints which 
can rule out some otherwise promising cycles are imposed by 
the upper limit of temperature which can be provided by a 
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nuclear reactor system (because of limitations on materials 
performance in heat exchangers), the economic need to avoid 
exotic materials of construction (difficult when handling 
metallic halides at high temperatures), the requirement for high 
rates of reaction to. cut down the size of the plant items and the 
need to avoid the recycling movement of massive amounts of 


- solid materials in the plant. 


Electrolysis will allow the earlier introduction of large scale 


“hydrogen production if other factors are favourable, but if a 


more promising thermochemical cycle can be devised this route 
could take over in the longer term. There is insufficient informa- 
tion available at present for the thermochemical route to be 
costed. 


Conclusions 

Despite growing current interest, the widespread introduction 
of hydrogen as an energy carrier is still well in the future. But 
such economic forecasts as can be made on rather scant 
evidence do not rule out the possibility that hydrogen could be 
competitive with alternatives such as petrol from oil or coal, 
or nuclear-produced electricity, by the end of the century. These 
estimates are based on the production of hydrogen by electro- 
lysis, but if a thermochemical route emerges from the substantial 
research programmes now being carried out, it would have the 
potential ‘of considerably improving the prospects. 

The safety aspects of the widespread use of hydrogen require 
close examination, but in principle no major stumbling block 
is likely to emerge. The introduction of hydrogencould, however, 
best take place in the controlled environments represented by 
aircraft and commercial road transport fleets, and industrial 
plants for the hydrogenation of coal or the direct reduction of 
iron ore. Use in the private motor car and as a general substitute 
for natural gas seém further off. 

Above all, the advent of the hydrogen economy must depend 
upon the successful further development of nuclear power to 
provide the cheap reliable primary energy source for water 
splitting. The electrolytic route can be linked to the need for 
successful development of the sodium cooled fast reactor to 
provide the cheapest electricity in the long-term, whereas the 
thermochemical route needs a fully developed high-temperature 
reactor system to provide the high temperatures required. 

Both routes to hydrogen would require a large development 
programme, with the thermochemical route currently lagging . 
because a universally agreed attractive cycle has not yet been 
devised. At the basic scientific level the thermochemical route 
presents an immensely stimulating challenge to chemists, 
chemical engineers and materials scientists. 


1 Cahn, R. W., Nature, 248, 628 (1974). 
2 Report of the NASA/ASEE Engineering Systems Design Institute, 
NASA Grant NGT4 4.005.114 (1973). 
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Studies have been made of a very wide rarme of possible 
ways in which solar energy might be used for domestic 
and industrial purposes. Some are already eéonomically 
viable and the prospects for others are improving 
through intensive programmes of research and 


development. . : 


d 
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Man has'been using solar energy purposefully for millennia 
and will continue to do so, since it is the driving force 
for agriculture. In the pre-industrial era, it was the pre- 
dominant source of power also, for the windmills, water- 
mills and sailing ships of the time derived their energy 
ultimately from the sun. These devices could not. have 
driven the subsequent period of industrial expansion 
because, without growing to inordinate size, they could 
not have made available generally powers greater than a 
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‘few hundred kW. They were well suited to modest local 
needs, but could not serve the demands of industry, con- 
centrated in the interests of high productivity. This became 
possible only with the use'of the concentrated solar energy 
stored in the fossil fuels. Yet we may shortly have to return 
to an economy directly powered by solar energy as the brief 
era of cheap fuel comes to its inevitable end. In the long 
term we have no choice; solar energy is the only perpetual 
source capable of meeting the likely demands of the future. 
We have some options in the short term. The fission 
reactor could support us for a time and will certainly ease 
the problems of diminishing fossil fuels, though it is not 
universally welcomed and a shortage of fissionable fuel is 
already envisaged. A fusion reactor would presumably 
defer a general energy shortage for a very long period, but 
it is proving elusive. It might be sensible to enquire whether 
the resources allocated to fusion research could be more 
profitably applied to the exploitation of -solar energy. 


Available energy 

The decline of the windmill and watermill is traceable to 
the low energy flows available to any given machine. Though 
the total energy arriving from the sun is immense, the flux 
is very small by present-day engineering standards. At the 
top of the atmosphere the maximum value is about 1.3 
kW m~, but a variety of scattering and absorbing processes 
reduce this to about 0.9 kW m™ at the surface. The diffi- 
culties of effective utilisation are increased by the seasonal 
and hourly variations, which are functions of latitude, and 
by the random fluctuations due to the weather. In summer, 
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Fig. 1 Elements of thermal energy conversion system. 


the increasing day length with increasing latitude helps to 
compensate for the longer air path so that in clear con- 
ditions the total energy received during one day varies 
only weakly with latitude. The winter isolation, on the other 
hand, is much affected by latitude; in Britain, for instance 
(latitude about 52°), a clear day in midwinter yields only 
about one-tenth of the energy of one in midsummer. 

The total annual insolation (energy incident on a hori- 
zontal surface) is around 1.5 MW h m7? over large areas of 
the earth and in places it exceeds 2 MW h m=, 

The effects of climate, though substantial, are less than 
is usually supposed. . The average annual insolation in 
Britain, with its notorious cloud cover, is nearly 1 MW h 
m~? Britons are usually surprised to learn that, on average, 
the United Kingdom receives more than half the energy 
available in Australia or two-thirds of that in the United 
States. The large droplet sizes of cloud in relation to the 
wavelength of the radiation causes predominantly forward- 
scattering, so that a sizeable fraction penetrates unless the 
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cloud is optically very deep. At the same time, the radiation 
becomes diffused. Due to the high cloud cover in Britain 
an unusually high proportion—-more than half—of the 
radiation ‘reaching the surface there is diffused. This is 
important because this part of the radiation cannot be 
brought to a focus. 


Large scale use 
The entire world energy demand for human purposes other 


‘than agriculture is less than the solar energy falling on a 


region’ 100 km square in a favourable location. This is a 
trifling area compared with that of the world’s land 
surface or even of the deserts, but it 1s very large on the 
scale of human constructions. Inefficiences in the energy 
conversion processes used would mean that even greater 
collecting areas would be needed. Nevertheless, serious 
study has been given to the design of ‘lar farms’ 
thousands of square kilometres in extent’. In these, the 
collectors concentrate the radiation so as to produce in a 
working fluid a temperature high enough to operate a 
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Fig. 2 Heliohydroelectric scheme, with pumped storage. 


thermodynamic engine with respectable efficiency. An 
intermediate fluid might be used to link the collectors to a 
thermal storage element which permits a match to be 
obtained between the energy supply and the demand (Fig. 
1). The cost of collectors is a significant factor in all uses of 
solar energy. When they are of the concentrating type, they 
need to be robust to maintain good fidelity of shape and 
resistance to wind forces and they must be steerable to 
follow the apparent motion of the sun. Useful temperatures 
can be obtained from two-dimensional parabolic troughs 
with the focal line orientated east-west, requiring only a 
slow seasonal adjustment to follow the sun’s declination. It 
might be foreseen that these could be mass-produced in 
modules of moderate size which could in principle be 
indefinitely replicated to build up a large station. 

The cheapest large scale collectors, in terms of cost per 
unit area, are reservoirs. A scheme recently advanced on 
this basis involves the Qattara Depression in the Libyan 
Desert’. It is proposed that this region should be connected 
to the Mediterranean, about 80 km away. The high evap- 
oration rate, about 1.7 m a year, would maintain a free 
water surface 12,000 km? in area within the Depression at 
about 60 m below sea level. This would be sufficient to 
operate a hydroelectric plant of about 4,000 MW capacity, 
as shown in Fig. 2. 

The ultimate in large collectors is the sea itself. Power 
plant exploitiag the temperature gradient in ocean waters 
was first cogstructed in» 19303 and the possibilities have 
been re-assessed more recently. Though the small temper- 
ature differences available inevitably mean low thermo- 
dynamic efficiency, the economics are by no means 
unfavourable’. 

Large scale systems such as these effectively combine the 


* functions of collestion and storage. A corresponding 
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arrangement on land might make use of the photosynthetic 
manufacture of combustible hydrocarbons. There is already 
a world shortage of timber and presumably of land suitable 
for traditional afforestation, but official studies in the 
United States’ and Australia® both comment on the relat- 
ively small fraction of land area which would be needed for 
the intensive cultivation of fast-growing plants capable of 
furnishing a significant proportion of the energy demand. 
It is to be noted, however, that studies have yet to be made 
of the engineering problems of harvesting, transport and 
processing involved in such a scheme. These studies are 
urgently needed, since photosynthesis offers the most 
direct path to the manufacture of liquid and gaseous fuels 
which will probably continue to be needed indefinitely for 
transport. 

A major objection to all schemes for the conversion of 
solar eftrgy on a large scale at central stations is that 
there is véry little freedom of choice on where they might 
be sited. Nearly always, they will have to be distant from the 
places in which the energy is to be used. This not only 
requires expensive distribution networks of power lines or 
gas pipelines, but raises the possibility of undesirable cli- 
matic effects arising from the transfer of energy on a large 
scale away from the places at which it has hitherto been 
absorbed. These and other factors have led many to the 
view that the proper scale-of solar energy conversion js 
local rather than central, As this is a reversion to its pre- 
industrial use, it follows that some attention will be 
necessary to the methods of integrating such a source with 
the others that will be available, particularly in urban- 
industrial societies. 

-But, throughout the world, there is a huge potential 
requirement for devices with capacities ranging from a 
few watts to a few tens of kilowatts. About 80% of the 
Earth’s population lives between the 40° parallels, including 
many of the poorest, but they can nearly all count on an 
energy flux exceeding 1 MW h m™ yr“! It is more instruct- 
ive to compare this, not with the million MW h per year 
required from a European power station, but with the level 
of local demand: the 1 MW h yr of work performed by 
a pair of bullocks, or the 100 kW h needed to winnow the 
grain from a family’s land. All the hot-water needs of a 
clinic and the refrigeration of its wards and theatres could 
be provided by the energy which falls on its roofs. The roof 
of a dwelling could furnish power for a loom or lathe; 
that of a barn enough for a- pump, able to irrigate 10 
hectares of land. A school’s radio and television receivers 
could be powered by a device the size of a blackboard; a 
solar still the size of a duck pond could yield enough 
drinking water for a village. 

Power for small local enterprises like these cannot be 
provided economically by large-scale generation at central 
sites, even by conventional means, largely because of the 
high cost of transmission where the population density is 
low. The cost of fuels for local power plant is also greatly 
inflated by distance, doubling in a few hundred km over 
land. It is being recognised that rural communities must 
be given more stability and, for this, work and amenity 
must be provided within the village. Solar-powered devices 
could substantially raise productivity in such local 
enterprises as -weaving, timber sawing, paper milling, food 
processing and preserving, light manufacturing, plant 
maintenance, irrigation, fresh water supply, drainage and a 
host of other activities. By these devices, it may yet be 
possible to revitalise the village from within. 


e 
> $ 


Local use 
The conversion of solar PN for modest local demands 
has been the subject of experimental investigation for 
many years. It is known that solar stills, solar-powered 
engines and other devices were successfully operated a 


century ago. But they were unable to gompete economically® 
s 
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in an era, of cheap fuel and their credibility - suffered 
through the unguarded optimism of enthusiastic advocates 
whose claims were easily discredited. More recently, these 
devices have. begun to receive sober -engineering and 
economic analysis, exemplified by the contents of two 
specialist journals devoted to- the subject: Solar Energy 
(Pergamon Press) and Geliotekhnika (available in transla- 
tion as Applied Solar Energy (Allerton Press)). 

Quite thorough studies have now been made of ways in 
which solar energy might be used on a local scale”. These 
include its direct use for heating and cooking; driving a 
thermodynamic system, as in distillation, desalination, air 
conditioning, crop drying and so on; providing a source for 
heat engines, refrigerators and heat pumps; direct conver- 
sion to electricity using thermionic, thermoelectric and 
photoelectric : generators; and the promotion of photo- 
chemical and photobiological processes leading to the 
generation of electricity or the production of liquid and 
gaseous fuels and other chemical products. Some of these 
processes are already economically competitive and their 
position is bound to improve as fuels become scarcer and 
dearer. 
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Fig. 3 Solar collector for domestic hot water system. 


Flat-plate water heaters, of the kind illustrated in Fig. 3, 
are already widely used in many parts of the world and 
are now being marketed by several manufacturers in 
Britain. Up to about 60% of the incident energy can be 
transmitted to the water at useful temperatures (40-50° C) 
if the re-radiation is minimised by the use of glass cover 
plates, in the manner of a greenhouse, and of selective 
coatings on the absorbing surface which combine good 
absorptivity for solar radiation with low emissivity at 
working temperature. Heaters of this kind already make 
significant contributions to energy supplies for domestic, 
commercial and industrial purposes and their use is certain to 
grow’, Usually, they are linked with conventional heating 
systems and act as fuel savers rather than being designed to 
meet the entire heating load. It is estimated that in 
Britain they could yield about 10° MW h yr™! for each 1% 
of dwellings equipped with them’. Much work is in hand 
worldwide to obtain a significant contribution to space heat- 
ing and air conditioning from solar energy, and the design of 
buildings to exploit, this is becoming a major preoccupation 
of architects. There is a history of building experimental 
‘solar houses’ extending over some decades, in which 
Britain has had its share. In these, there has to be a means 
of energy storage to accommodate the seasonal and daily 
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variation in the energy available, and the fluctuations due to 
the weather. Thermal storage is obtained by changes in the 
sensible heat of a reservoir, which may be liquid or solid, 
or by latent heat exchange during a change of phase of the 
storage medium. Optimisation studies show that it is econo- 
mical to obtain from the sun a significant fraction—typically 
+ to 4—of the heating requirements of ordinary dwelling 
houses, even at quite high latitudes’. A typical domestic 
arrangement is shown in Fig. 4. 

The economical provision of mechanical work and 
electricity on a small scale is proving elusive. There is 
little to choose in capital cost between low temperature heat 
engines driven by flat-plate collectors and more efficient 
ones with concentrating collectors. Both are still much more 
expensive than other sources such as the small diesel engine. 
But there are places where fuel costs are unusually high due 
to transport charges, where the net cost of work from 
solar engines would be competitive. These should be simple 
and robust and capable of being built using local resources. 


' Their adoption will demand more .from the entrepreneur 


than the engineer now. | 

_ On the other hand, much technical work remains to be 
done on direct conversion to electricity. Devices such as 
thermionic and thermoelectric generators require the main- 
tenance of a temperature difference for their operation and 
hence have -a restricted efficiency for thermodynamic 
reasons. Thermionic generators can operate effectively only 
with a high cathode temperature, perhaps of the order of 
1,500 K, and this implies the use of concentrators of good 
optical quality, capable of tracking the sun accurately. This 
and other technical features have caused the thermionic 
generator to fall into disfavour for solar energy conversion, 
though it is capable in principle of quite good overall 
efficiency. Thermoelectric generators are subject to cer- 
tain material limitations as well as thermodynamic ones, but 
continue to be of interest, even for use with flat-plate 
collectors, because of their simplicity. Photovoltaic cells, 
developed primarily for use in spacecraft, have reached use- 
ful conversion efficiencies—about 15% in full sunlight. 
Some, such as the GaAs/GaAlAs cells, function well in 
highly concentrated light. But these are single-crystal cells 
produced by very expensive processes. At a capital cost 
of some £10 to £100 per W of installed capacity, their use 
can so far be justified only, in very specialised -applications 
such as the powering of active buoys and other remote 
navigational aids and radio stations. Strenuous efforts are in 
hand to reduce the cost of photocells. This might be done by 
the development of large scale methods of production, 
perhaps of silicon ribbon which retains a single-crystal 
structure” or of thin-film polycrystalline cells. If capital 
costs are sufficiently low, quite small conversion efficiencies 
may be acceptable—the 8% reported for CdS/Cu.§ hetero- 
junction cells”, for example. 


Outlook 


It seems certain that non-agricultural uses of solar energy 
will continue to increase throughout the world, as the 
fossil fuels become scarcer and dearer. Already solar 
water heating is competitive in many countries and solar 
space heating seems about to become so. The outlook for 
conversion into work and electricity in the near future 
seems promising but is less certain. The principles are 
well established, and many devices have been built and 
tested in prototype form, but much more work remains to 
be done before they can have an assured place in the 
energy economy. 

There is every sign that the necessary research and 
development work related to effective solar energy utilisation 
will be carried out promptly, at least as far as the ‘needs of 
the developed countries are concerned. A US* National 
Science Foundation report of 1972° recommended a com- 
mitment of $3,500 million in this area, justifying this with 
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the contention that solar energy could provide 35% of the 
nation’s heating and cooling requirements for buildings, 
30% of its gaseous fuels, 10% of its liquid fuels and 20% of 
its electricity. These recommendations are being pressed 
ahead with extraordinary vigour; already the annual 
research budget for solar energy work has reached about 


- $15 million. A somewhat similar programme, though not 


yet funded, was recommended by the Australian Academy 
of Sciences last year®, This suggests that solar energy could 
provide 40% of Australia’s low grade heat and 50% of her 
liquid fuel within 25 years. The Soviet Union has main- 
tained several centres for solar energy research for many 
years. Japan, long known for its widespread use of solar 
water heaters, is planning a major new solar energy pro- 
gramme said to be comparable with the American one. 

There seems to have been little official support in 
western Europe though there has been some activity in the 
universities and the interest of industry is awakening. It 
remains to be seen whether this work will benefit the under- 
developed countries, which in many ways, are in most 
need of it. They usually have little indigenous fuel and are 
severely affected by rising fuel costs. On the other hand, 
they generally have ample solar energy, with little seasonal 
variation and a population which is still largely dispersed 
(but is drifting to the towns at an alarming rate). The 
encouragement of a greater use of solar energy in these 
countries could be the most sensible and effective way of 
giving financial and technical aid. 
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Energy generation from the tides is widely regarded as 

economically less viable than that from conventional 

thermal alternatives. Although economic comparisons 

are unfavourable the potential overall improvements in 

network operation indicate the true value of new plant. 
© 


IN operation, a tidal power scheme could possess much of 
the flexibility of highly versatile, conventional hydroelectric 
stations, and many types of project have been suggested. To 
assess in 1974 the preferred style of operation (not only 
for a tidal scheme but also for new thermal plant) 
necessitates anticipating consumer and generating demands 
beyond 1984, for it will not be until then, and for a long 
time afterwards, that any scheme planned now, whether 
tidal or otherwise, would be working. In particular, after 
1984 a substantial nuclear component will emerge in the 
generating structure of all those industrial countries which 
opt for thermal energy schemes (few are even now able to 
rely on further conventional hydroelectric sources, and 
stations which require fossil fuels are unlikely to be favoured 
in large numbers). Coupled with the present crises in the 
provision of fossil fuels, and the complementary gross 
escalation of their costs, it is no sunprise to find that the 
status of tidal power has, psychologically at least, improved 
markedly. 

The last detailed, government-sponsored study of tidal 
energy in the UK was concluded in 1945; it was prompted 
by the additional power requirements of the war effort, and 
it leant heavily on the results of the only major UK study, 
of the Severn Estuary, which was completed in 1933. The 
schemes anticipated at that time were on a relatively small 
scale. A favoured site for the barrage was well up the 
estuary at English Stones, just below the present Severn 
Road Bridge (Fig. 1). The maximum power output would 
have been about 800 MW, over 10% of the maximum 
demand during the 1940s. 

Canada, France and the USSR have since been studying 
more actively their own potential for tidal energy generation. 
The best site in the World, however, is probably the Severn 
Estuary. The Severn is not excessively deep or wide, the 
tides are almost the highest occurring anywhere, and it is 
near to centres which require a high energy load. But despite 
these advantages, which have been appreciated ever since 
the first studies, it is now more necessary to give close 
consideration to ecological factors than it was 30 years ago. 
Harnessing tidal energy must be seen to be not only 
economically and functionally competitive with other forms 
of generation but, in addition, must be environmentally 
acceptable in its own right. After all, the crisis in fuels is 
not so serious that all other considerations have to be over- 
looked, and in any case even the Severn Estuary—~Bristol 
Channel could not provide more than about 25% of the 
present peak total demand for electricity, a ratio which will 
have declined considerably by 1984. : . 

Energy potential of the tides 
The rhythm of tidal variation from place to place, and 
from time to time at any place is well known. A few sites, 


like the Severn Estuary, the Bay of Fundy (Canada) and the 
Ile de Chausey (France) have exceptional spring tidal 
ranges of 14-15 m; and the range is over 16 m in Ungava 
Bay (Canada). These particularly high ranges only occur’ 
locally within each embayment, as a result of both focusing 
effects and a measure of resonance between the tidal and 
natural frequencies of oscillating water within the boundary . 
of the estuary. Progressively lower maximum tides occur 
away from the optimum positions. 


Bristol 


Bristol 
Channel 





Fig. 1 Outline map of the Severn Estuary and Bristol 

Channel, showing the barrage scheme proposed by Martin 

in 1945. a, High level basin; b, low level basin; c, 1933/45 
barrage proposals. 


Much less favourable circumstances for energy generation 
apply during neap tides, when the range is typically about 
one half of that during spring tides. Inequality between the 
lunar and solar periods is responsible for this spring~—neap— 
spring cycle, which takes nearly 15 days; it also gives rise to 
a tidal period of 12.4 h. Generation is therefore not possible 
over more than about 4 h during both the ebb and 
flood tide phases (Fig. 2), and the amount of energy, as well 
as the times at which it becomes available, vary from day 
to day. Nearly half of the output will coincide with off-peak 
times (peak demands for electricity now extend up to 14 h, 
from 0800-—2200h). . 

Although, compared with generation from solar, wave 
and wind sources, the tides could be regarded as a relatively 
predictable form of natural energy, the form of output is 
still inadequate for electrical networks which depend heavily 
on thermal plant to meet a fairly predictable daily pattern 
of demand. To incorporate tidal energy into these networks 
an equivalent amount of thermal plant would have to stand 
by to carry the load when the state of the tide was not 
suitable for generation. This extra plant would have to be 
provided and run at low thermal efficiency (because duty 
periods are short), whereas continuous operation without 
the tidal scheme would produce the same output at a much 
improved efficiency. 


Regularjsed output from a tidal scheme 
The various limitations of the tides, quite apart from 
economical factors, have been a considerable barrier to 
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“commercial development during this century. Earlier . (tide 
mills can be traced back to 1180, at Dover), the con- 
sequences were accepted only in the absence of more 
reasonable alternatives. But methods of improving the 
regularity of output have been proposed, although they 
involye extra costs and energy losses: 
® Power could be transmitted as and when available, 
either to the consumer by day or to a pump storage station. 
The latter alternative involves two reservoirs at differing 
elevations, interconnected through pump turbines. Many 
such installations now exist, storing energy from thermal 
power stations at night, for daytime release to meet short 
term peak load and emergency conditions. Over 75% 
storage efficiency can be achieved, so that six hours of 
pumping gives about four and a half hours generation at 
the same rate, when required. This technique was favoured 
in the 1933 and 1945 Reports. With tidal power, however, 
the additional costs fail to overcome the basic economic 
objections to tidal energy production. 
© Two basins could be constructed in the estuary, each 
filled and drained when the tide is high and low respectively; 
energy would be generated by flow between the basins. This 
alternative was adapted by C. A. Martin (unpublished) for 
the Severn Estuary in 1945 (Fig. 1). Continuous output thus 
becomes possible; in Martin’s scheme it varied between 
3,350 and 850 MW. Unfortunately, however, publication of 
this imaginative scheme coincided with a slump in energy 
demand, and in any case it was ahead of its time in terms 
of the size of plant needed to provide for the normal 
annual growth rate in demand of that period. 

Other schemes resembling that of Martin have followed 
as the scale of the second era of barrage planning has become 
more commensurate with requirements. For economical 
reasons, large thermal installations have also become fashion- 
able: new stations, including nuclear plant, are, or soon 
will be, about 2,000 MW (in a 50,000 MW network). This 
trend is likely to persist as the nuclear proportion of the 
total installed capacity escalates towards 50% by the end 
of this century. After 1990 the nuclear energy component 
will therefore be greater in magnitude than the normal 
night time demand (equal to about 40% of the daytime 
demand). When this happens, all plant which use fossil 
fuels will have to be operated only during the daytime if 
nuclear stations are to be run continuously. Thereafter, the 
operation of nuclear stations would have to become flexible, 
involving not only further development and capital costs, 
but also a drop in the operating efficiency and extra fuel 
costs. This cannot be avoided unless excess energy is either 
discharged to the environment in the form of heat, or is 
supplied to pumped storage facilities. 

I have already mentioned the fact that the use of pumped 
storage facilities allows energy to be regenerated as required, 
although bulk energy transfer from night to day should be 
distributed uniformly over ‘the 12-14 h demand period if 
equivalent thermal plant (that is, the older, smaller and more 
uneconomic stations) are to be displaced entirely from the 
system. Given that pumped storage could be operated in this 


way, that is, in addition to the present duty of meeting rela-- 


tively small variations in demand, there could well be merits 
in adopting it before a ‘nuclear excess’ situation arises. That 
would allow many of the more efficient fossil-fuelled stations 
which would otherwise have to be shut down at night, to 
be run continuously with an improved efficiency. In the 
limit, the ideal situation (which is not unobtainable in this 
case) would be to run all thermal plant, equivalent in capa- 
city to about 75% of the maximum demand, on a continuous 
basis, and carry ‘over from night to day accordingly. 
The major objections to pumped storage installations are 
probably environmental. Creating reserwoirs for any*purpose 
receives little spontaneous sympathy from’ the community at 
large, especially when these cannot be made available for 
recreational purposes. Recently, the Central Electricity 
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Generating Board (England and Wales) has experienced 
strong opposition to these projects; their new Dinorwic 
scheme in the Snowdon National Park in North Wales is 
regarded by amenity groups as aesthetically and environ- 
mentally unacceptable, because, they claim, it will spoil 
famous landscapes, and introduce extensive ‘tide mark’ scars 
as the water level changes more than 100 feet in four hours 


(three times the rate of rise and fall of the remarkable 


Severn Estuary tides). 

Although, at 1,400 MW, the Dinorwic scheme will become 
the largest in Europe, its purpose will be more for short 
term supplementation of supply than for bulk energy 
transfer for consumption over 12-14 h. In fact, the latter 
style of operation would require 20 installations like 
Dinorwic to yield even 10% of a demand of 100,000 MW 
(the probable installed capacity soon after 1990). This is an 
unreasonable objective for pumped storage ingits, present 
form, even though 10% of installed capacity is still well 
short of the ideal referred to earlier. Understandably, alter- 
native forms of pumped storage are being earnestly 
explored. 


Martin’s concept and estuarine pumped storage 
The necessary difference between the water levels in the 
two basins of a pumped storage scheme may be achieved 
by using surface and underground reservoirs, which sug- 
gests that the sea and natural caverns should be exploited 
where available. An alternative would be to follow the 
principles adopted by Martin, and store energy by increasing 
the difference between the levels in two basins formed in 
an estuary. This variation has been evaluated by my col- 
leagues and I, resulting in the type of scheme shown in 
Fig. 3 (the preferred energy capacity and geological condi- 
tions would dictate the actual location of barrages). 
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Fig. 2 Variations of tide level and the level in the basin, 
showing periods of generation, 


The basic layout is somewhat different from that proposed 
by Martin (et al.), for here the second basin is small in area 
and sited entirely in deep water, so that the level can be 
reduced by pumping at night to well below low tide level, 
without the effects being felt on the coastline. The level in 
the larger basin is raised during the same night time period, 
but not to a level higher than that of the present high 
spring tide, thus avoiding problems of land drainage and 
removing the risk of flodds which result from exceptional 
tidal surges. 

From a scheme such as this it is possible to withdraw 
4,000 MW at a constant rate (if that proves to be the pre- 
ferred style of output) over the same 12-hour period every 


ə day, irrespective of the tidal range. The power from thermal 


732 Energy Review 


stations supplied to the scheme at night is also 4,000 MW, 
over a period of nearly 8 hours (the need for weekend vari- 
ations in this pattern is recognised). This equality between the 
rates of pumping and generation makes the best use of 
available equipment. The scheme (Fig. 3) could be supplying 
6% of daytime consumer demand by the mid 1980s, which, 
from one power station, is a reasonable increase in genera- 
ting capacity. Similar but larger projects, operating in the 
Severn Estuary—Bristo] Channel, could also be devised. 


Economic and other factors 

The economical value of a scheme of this type can be 
assessed on the following basis. For night time pumping 
using energy from thermal stations, the alternative to 
estuary storage on the scale of the scheme I have discussed 
(Fig. 3), would be three schemes each bigger than the 

: eo . ae + . 

Dinorwic project, In addition, harnessing tidal energy by 
the simplest of projects, akin to the 1933 scheme (Fig. 1) but 
involving the main enclosing dam shown in Fig. 3, would 
require a similar, additional amount of pumped storage 
potential. Making provision for this in an estuary, in such 
a way that firm daytime output is available, makes the 
scheme in. Fig. 3 equivalent to thermal plant of the same 
capacity operated only by day. This equation should also 
take into account the fact that the tidal~pumped storage 
scheme permits other thermal plant to be run continuously 
rather than be cycled. 

The combined estuary scheme would thus displace the 
equivalent generating capacity of nuclear plant having a 
cycling capability, that is an installation costing at least 
£1,400m—probably much more—at 1974 prices. This scheme 
would have a capacity of 4,000 MW and its operation could 
be achieved by the estuary project but without fuel costs 
other than for the purchase of energy at night from thermal 
stations. On this basis it is. realistic to believe that the 
estuarine scheme is both economically preferable and opera- 
tionally equivalent to the nuclear alternative. 

Many other factors have to be considered in the moder- 
ately complex but technically straightforward operation of 
this type of estuary development. Basically, it is little more 
demanding on plant than are other tidal proposals, even 
though its performance is easily rendered compatible to 
energy requirements, through the pumped storage addition. 
Unlike the next round of nuclear stations the estuary 
scheme relies heavily upon proven technologies. Only two 
main components are involved, embankment construction, 
which has been explored in great detail, especially by the 
Dutch, and pump turbines. Several new types of hydraulic 
machine for extracting energy from small differential water 
levels have been devised recently, and these may be well 
suited to estuarine tidal schemes. Machines pioneered by 
the French in the 1950s, for the small tidal scheme at La 
Rance, Brittany, have now ‘been well proven over many 
years of service, and would also meet this duty. 

It is worth recording that the French project is similar 
in size and purpose to the Dounreay and Winfrith nuclear 
installations: all are about 250 MW and, although experi- 
mental, they are also useful contributors to the national 
network. To scale up their costs pro-rata would be as in- 
appropriate as applying costs from La Rance to the pro- 
posed scheme (Fig. 3) in the Severn Estuary, or to the large 
Ile de Chausey project, for which La Rance was the pilot. 
In fact, Ile de Chausey was shelved as soon as La Rance was 
completed, because it was essentially a tidal energy project 
with the attendant disadvantages already outlined (it had 
been envisaged that there would ‘be some pumping when 
the tides permitted). a 


Environmental considerations — A 
The energy figures discussed here for the combined 


estuary installation, were evaluated within specified environ- * 
+ 
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Fig. 3 Suggested barrage scheme: a, high level basin; 
b, low level basin. 


mental restraints; more energy could be provided but this 
would create less acceptable conditions elsewhere. Land 
drainage and flooding have already been mentioned as 
factors limiting the height of the water level along the coast- 
line. The high tidal range in this comparatively shallow 
estuary creates strong currents and exposes extensive mud 
flats at low water. Because of the currents, a large amount 
of sediment is held in suspension, and much of this settles 
out when the tide turns. Very little material seems to move 
seawards into the Bristol Channel, and therefore reservoirs 
constructed as shown in Fig. 3 should not suffer problems 
of sedimentation: the bulk of the material would be 
deposited over the area of the main reservoir in a layer 
consolidating to an average depth of only a few millimetres. 
Further inputs of sediment from the rivers could give rise 
to some local accumulations of deposits, but as there would 
be a ‘tide’ range of over 10 feet in this reservoir, currents 
of a strength comparable to those occurring in many estu- 
aries and coastlines would still occur. 

The loss of the mud flats over much of the estuary will 
not be generally mourned, although there would be some 
ecological effects. The present combination of strong currents 
and high concentrations of suspended solids leaves little 
room for sustained marine life, and reduced currents and 
improved water clarity would, therefore, generally improve 
feeding conditions. This should promote greater fish popula- 
tions, and these would pass through the large, slowly rotating 
pump/turbines. 

Wildfowl must also be considered in any review of 
environmental factors. One of the most extensive areas of 
mud flat used for feeding is Bridgwater Bay, immediately 
seaward of the basrages outlined in Fig. 3. The tidal regime 
for this area would remain largely unaffected although there 
would be some reduction in the currents. Further up the 
estuary the substantial rise in mean water level caused by 
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the barrage, would become less significant than the higher 
levels created at present by the tidal surge. The low water 
levels, which are influenced more by the general bed profile 
of the river system than by tidal processes, would change 
relatively little. Thus, at the Slimbridge Wildfowl Trust, 
upstream of Sharpness, the pattern of flooding and exposure 
of feeding grounds might be influenced more by the 24-hour 
cycle of operations than by the modified range of water 
levels created by a barrage. 


Overall effects l 

The future for tidal energy may be bleak, but an integrated 
estuary pumped storage project of the sort described offers 
worthwhile economic and operational advantages over a 
pure tidal development. In particular, because circumstances 
at present and in the foreseeable future favour such a project, 
it is timely to give the matter closer attention. Industrial, 
social and environmental matters must not be overlooked, 
not least because these could and should be permitted to 
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benefit from such a project. 

Some environmental aspects have been referred to above. 
On balance it seems that a net improvement over the present, 
somewhat suppressed ecological regime could be achieved, 
although more detailed studies of several aspects are 
required if there is to be an adequate picture of the probable 
cnanges resulting from a barrage. Many industrial and 
social factors also arise, such as benefits to shipping, inland 
road and rail communications, and the provision of a very 
large area for water recreation in a part of the UK that has 
managed to attract a population of three million despite the 
lack of social appeal of its estuarine focus. 

It is to be hoped that energy planning in such circum- 
stances would not be daunted unduly by the prolific inter- 
action of seemingly complex factors, especially as even the 
potential power output need not be reduced significantly in 
order to provide other sectors of the community wath wide 
benefits that are, in their own way, just as mùch in the 
rational interest. 





Nuclear options 
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Dr G. R. Bainbridge is Manager of Technical Assess- 
ments in the Reactor Group of the United Kingdom 
Atomic Energy Authority. At the beginning of August 
he takes up his appointment to the new Chair of Energy 
Studies in the University of Newcastle upon Tyne. Here, 
he discusses the nuclear fission reactor options which 
Britain could take up during the next decade and gives 
an outline of the broad energy requirements for which 
nuclear reactors are needed. 


BRITAIN took a first option which led towards the application 
of nuclear fuel to supplement traditional coal and oil sup- 
plies almost 30 years ago. It was to pursue techniques for 
controlling nuclear fission reactions on a large scale, thus 
making heat available, and manufacturing plutonium. Most 
of the nuclear research and development work in the world 
at that time was financed by military budgets. The con- 
struction of the Calder Hall plant, the first unit of which 
was completed in 1956, was no exception. But its most 
remarkable success was in the supply of by-product electri- 
city, design data and operational experience for the later 
commercial nuclear power stations. It is easily forgotten 
that Britain achieved her first peacetime nuclear power 
objectives quickly and alone. It would be sad if transient 
commercial expediency led the country to take risks now 
by adopting nuclear reactor designs from abroad which are 
in some respects technically less sound than those produced 
at home. 

Britain now gets 10% of her electricity from nuclear 
power stations (Fig. 1) which use natural uranium fuel 
and thus save 9 million tons of coal, or 5 million tons of 
oil each year. That is, however, only 3% of the total national 
fuel requirement (Fig. 2) and there is recognised scope for 
a more significant contribution as time goes on. 

When a country is embarked, as Britain is, on a course 
of applying such a rapidly advancing technology as nuclear 
power, it is of benefit to review periodically and unhurriedly 
the available alternatives. The most important review of the 
1970s is now in progress, and it could have very ¢mportant 
consequences for Britain’s nuclear power strategy. With a 
wealth of nuclear experience to her credit, the country is 


more favourably placed than ever before to survive any 
future shortages of fossil energy and rising fossil fuel prices, 
by arranging a strong nuclear power programme for elec- 
tricity generation. Indeed, if a combined ‘energy resources 
and use’ strategy can be formulated to include a comple- 
mentary plan for all of the available fuels, the 1980s should 
see Britain in a better position for energy than for many 
years past. 

To reach that position, in which fossil fuels can be 
conserved or exported as well as being used rationally at 
home, I believe that action must be taken to provide most 
of our incremental electricity generating capacity, including 
replacement plants, in the form of nuclear power stations. 
This implies that 30,000-40,000 MW of nuclear capacity 
should be ordered in the next decade and built before 1990 


(Fig. 3). A further 70,000 MW will have to be ordered 


s 1970 1980 1990 2000 
Year 


+ 
Fig. 1 The total electricity demand (a), and nuclear power 
supply (b), in the United Kingdom. 
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Fig. 2 -Primary energy consumption in the United King- 
dom. a,’ Nuclear electricity; b, total electricity; c, total. 


between 1985 and 1995 for operation before the end of the 
century. That will. enable nuclear power to supply in the 
region of 80% of the country’s electrical energy usage (Fig. 
2); around 30% of the country’s total energy usage at the 
end of the century. 

An expenditure of around £8,000 million will be required 
for the nuclear power station plant completed during the 


next 15 years alone, and £600 million will have to be spent’ 


on replacement fuel (Fig. 4). The task will not be easy to 
accomplish, even with a well established and financially 
strong National Nuclear Corporation (assuming that this is 
soon realised). The investment sum is over four times that 
of the first 20 years of commercial nuclear power. During 
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that period there have always been two or more consortia, 
or design and construction companies, working with the 
Electricity Boards in order to get the initial 10,000 MW or 
so of nuclear plant into operation. But British industry as 
a whole has achieved similar objectives previously. The 
expenditures on an alternative oil station programme for 
the same electrical capdcity would be £4,000 million capital 
outlay, and almost £7,000 million for fuel; 30% higher than 
the cost of nuclear plant in those initial fifteen years of con- 
struction and operation. -At no time after about the third 
year of operation would the. total expenditure on an oil 
programme be-less than that of a nuclear programme. From 
then on nuclear fuel would cost only £1,500 million a 
decade, whereas the, 550 million tons of oil, which would 
be used during the same period, would cost £16, 000 million. 
Similar figures emerge if coal, and not oil, is considered as 
an alternative to nuclear power. 

If this main nuclear ‘programme objective is to be 
achieved, then the .other nuclear commercial options will 
have to be allocated.a much lower priority. It can be 
anticipated, however, that although the types of nuclear 
reactor selected as the best that Britain could build next 
may be suitable for unit designs with a nett output exceed- 
ing 600 MW, with minimal adaptations some of them might 
be provided in smaller unit sizes overseas. At present, power 
stations with nuclear units of 300£200 MW could be com- 
petitive with oil-fired designs, provided that the price of oil 
stays high in relation to that of nuclear fuel (at present 
about 6:1) and that the capital cost of oil plant relative to 
nuclear plant does not decrease (at present 0.7:1), (Fig. 5). 
For exports, which would relieve the pressures of commit- 
ment in a heavy home programme, a separate organisation 
of companies could be formed profitably, allied at home 
with the main National Nuclear Corporation, and overseas 
with interests already: actively engaged in attracting nuclear 
power station business. 

Other factors affecting the choice of reactor, such as the 
supply of industrial process and urban living ‘comfort’ heat, 
need to be considered separately from the main issues of 
this article. The provision of nuclear reactors for the pro- 
pulsion of large, fast, container ships and oil tankers are 
also outside the main issues discussed here, as they would 
be additional and special in many respects. 

If resources are to be used sensibly, and there is to be 
high morale and enthusiasm amongst those engaged in the 





Table 1 Nuclear reactor options—parameters 
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Magnox’ AGR HTR 
Nominal reactor output available (MWe) 500-600 625 1,320 
Net efficiency (%) 7d 32 4i 38 
Mean rating (MW h/t U) 3.1 12.6 112 
Fuel g U metal UO, UO: 
Mean fuel burn-up 
(MW d/t heavy atoms) 4,000 17,250 85,000 
Fuel cladding Mag- yro- 
nesium carbon 
alloy SS ` SIC 
Coolant and temperatures: CO, CO, He 
inlet (°C) 247 287 273 
outlet (°C) 414 651 749 
Coolant pressure (MPa) 2.9 | 44 4.2 
(pound inch? gauge) 400 585 600 
Initial fuel weight 1.01} > 195 23 
(t heavy atoms/GWe) a 
Replacement fuel weight 286 52 lI 
(t heavy atoms/GWe y) 
Steam conditions at TSY: 
Temperature (°C) 400 538 538 © 
Pressure (MPa) 5 16 16 œ 
(pound inch“? gauge) 710 2,300 2,300 


Gas-cooled reactors 


Water-cooled reactors Sodium-cooled 


GBR SGHWR BWR PWR CANDU reactor 
1,320 625 1,110 850 750 1250 

35 32 31 32 32 42 

250 19.8 25.9 38.2 22.1 202 
UO, UO, UO, UO, UO, U/Pu O; 
7% ha 22,050 28,000 32,000 9,600 6.9% ha 
SiC Zircaloy Zircaloy Zircaloy Zircaloy SS 

CO, ` HO 2 20 2 Na 
260 271 278 288 261 340 

650 282 286 321° . 299 540 

6.6 6.7 . 7.4 15.2 11.0 -= 

940 955 1,050 ` 2,190 1,580 

9.5 í Core 14.4 
24.7 159 126 83 142 Ax B 14.7 
70.0 Rad B 32.5 
l44 > , Core II.4 
37.3 53 42 36 120 Ax B [1.6 
21.4 ; LRad B 8.6 
538 207 286 266 254 490 

16 6.2 6.6 Sa 4.2 16 

2,300 885 950 780 600 2,300 
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Table 2 Probable strategy 





1980 81 82 83 
87 88 89 1990 


1974 75 76 77 78 79 
1981 82 83 84 85 86 


Year of order 
Year on-line ° 
Total nuclear 


capacity re- 

quired 

(x 103 MW) 2 3 3 2 4 5 5 4 6 7 
SGHWR fo yt St att tt 


Fast reactors © it 1 I 


* Likely to be delayed by fate’ 1974 decisions, some giving way to 
„water reactors or, even more likely, to coal and/or oil stations. 

t ‘Options based on further AGR/SGHWR experience. 

t First commercial stations. 

§ Options based on further HTR-FR experience and later, plutonium 


availability. 


nuclear power station development and manufacturing in- 
dustry, and if the paying public is to remain confident that 
nuclear power is in their own and the nation’s best interests, 
then expeditious decisions must follow any review. This is 
particularly important when review procedures have been 


conducted at the highest political level, as has been the ' 


case in recent months. A Parliamentary Select Committee, 
an eminent Nuclear Power Advisory Board, four ministers 
and two.governments have been involved. 

Whether under the new policy, the established line of 
action is continued, or new, previously unforeseen conditions 
are met with a change of direction or pace, there must be 
adequate early publicity about the co-operation necessary 
for“rapid progress. Thè present review must not end up as 
a little reported non-event, as did the thermal reactor and 
fast reactor reviews of a few years ago. 


Nuclear reactor options 

- -The objectives of low cost, plentiful, reliable, safely avail- 
able nuclear energy must be kept in sight, for it is easy to 
be distracted and repeat old errors. Accepting these limited 


objectives, however, it is possible to argue that the logical _ 


progression in the use of gas-cooled reactor designs which 
Britain began to operate in the 1950s, could fulfil not only 
all her own needs but also those of some other countries. 
Table 1 gives typical parameters for gas-cooled reactors 
and for the main available alternatives. 

Calder Hall was the first nuclear power station to feed 
substantial amounts of electricity into a national grid distri- 
bution system. The uprated output, now at 200 MW, 
regularly exceeds the original (perhaps conservative) in- 
tended output by 50%, and it also feeds process steam to 
the adjacent Windscale site. Moreover, its sustained per- 
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Fig. 3 Electricity generating capacity trends in the United 
Kingdom. a, Nuclear; 6, fossil; c, total. 
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formance over almost 20 years (an accountant’s plant 
amortisation period) is, together with that of its twin 
station at Chapelcross, better than that of any other plant 
in the world exceeding 100 MW in output, whether nuclear 
or fossil fired. Year after year it exceeds 90% load factor 
even though it has to be shut down occasionally for re- 
fuelling. Such is the confidence that these plant can continue 
to operate at a low cost, that there is a current survey of 
the components which could be refurbished usefully in order 
to give the stations 20 to 30 further years of life. 
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Fig. 4 Cumulative costs of alternative nuclear and fossil 
programmes completed between 1980 and 1990. a, Oil station 
plus oil; 6, oil; c, nuclear station plus fuel; d, nuclear 
capital; e, oil: capital; f, nuclear fuel replacement. This 
assumes that the cost of nuclear stations is £240 per kW (in- 
cluding the initial fuel charge); the cost of oil stations is £150 
per kW; uranium costs about £6 per pound weight of 
U30x; oil costs £30 per ton; there will be load factor of 
70%; and a 10-yr programme supplying 37,000 MW of 
energy. 


In 1955, when “A Programme of Nuclear Power” was 
announced in a White Paper, there was no doubt that the 
gas-cooled, graphite moderated, thermal neutron reactor, 
based on the Calder Hall, Magnox clad, natural uranium 
fuelled design, should be the first to be exploited commer- 
cially in Britain, During the 1960s, 18 reactors and asso- 
ciated plant in 9: stations were brought into operation (Fig. 
6), providing an output of 5,000 MW. It was recognised 
then that other. nuclear options would have to be taken 
before long, as it was expected that improved models would 
be built, and that a second type of reactor, liquid-cooled, 
might be used. So it turned out. 

Following Hintonian guidelines to increase temperatures 
and efficiency and cut costs, the research and development 
design work was implemented during 1957-58 to enable 
the construction of an Advanced Gas-cooled Reactor at 
Windscale (WAGR). In order to limit expenditure its output 
was set at 35 MW of electricity, which it was believed would 
be sufficient to allow the core design to serve primarily as a 
test bed for higher rated, higher temperature uranium oxide 
fuel, slightly enriched in #he more fissile *°U isotope. It was 
also intended to provide data on the interaction between 
the graphite, the carbon dioxide coolant and the fuel, later 
determined as stainless steel clad, under onerous operating 
conditions. Since 1963, WAGR has been a prolific supplier 

e of invaluable data for Britain’s nuclear design teams. Yet ıt 


736 Energy Review 


has given a load factor averaging 84%, remarkable for a 
prototype plant. 

The government, however, was prudently cautious in 
1964 when considering the nuclear options for “The Second 
Nuclear Power Programme”. As had been anticipated, other 
reactors had become available. These could use uranium 
more efficiently, and could reduce the capital cost of the 
power station and fuel to a lower level than had proved 
possible with the alternative Magnox (Mark 1) gas-cooled 
reactor designs. So tenders from British industry (in some 
cases including design features from foreign companies) 
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Fig. 5 Electricity generating costs in the United Kingdom. 
a, Oil; b, nuclear. In both columns the upper section repre- 
sents the cost of fuel, and the lower section represents the 
capital outlay. The space separating the upper and lower 
sections represents the operational costs. 


were considered, and an AGR (Mark 2) design was selected. 
The background of the assessment and the reasons for the 
choice were given in special Central Electricity Generating 
Board publications, A light water reactor design of boiling 
water type (BWR) was placed second, with pressurised water 
(PWR) and other AGR designs as runners up. 

As a result of this, ten AGRs in five stations were 
ordered, to provide some 6,000 MW of output. The first 
two are now almost in operation. Though several PWR and 
BWR designs have been built more quickly overseas, many 
have suffered delays and extra costs. The AGRs use a steel 
cable prestressed concrete pressure vessel, an important 
safety development which was introduced into the last two 
Magnox stations. These have always been’ recognised as 
safe near urban locations. The LWRs of both kinds, how- 
ever, have become the centre of a nuclear “safety con- 
troversy in the United States. 

The recent debate in the House of Commons, did not giye 
a definite indication of the government’s intentions in decid- 
ing between the wider range of nuclear options. Although 
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the debate extended from mid-afternoon until late evening, 
nuclear power is a non-party issue, and the day was Thurs- 
day (with a quiet Parliamentary Friday to follow) and so 
only about 50 ‘specialist? MPs attended and there was no 
sensational result. There was, however, strong support for 
the British reactor designs and it was agreed that whatever 
decision was finally reached, any reactor built in the near 
future must be safe. 

No one in the nuclear industry, Parliament, the Nuclear 
Power Advisory Board or the government seems to doubt 
that the development of a high temperature gas-cooled 
reactor (HTR) will eventually be a sensible course of 
action. The timing of the construction of the first com- 
mercial station, in relation to the progress of development 
work in the Euratom Dragon project and to advances 
overseas (not least in the USA) has yet to be settled. It 
seems unlikely, however, that the first, large, Mark 3 gas- 
cooled reactor unit could be ordered soon, which means 
that such designs will not. contribute to commercial nu- 
clear power until the late 1980s, Bearing in mind the 
continuing need for the improvement of designs using 
ceramic particle fuel and higher temperature coolant 
circuits (which have helium instead of carbon dioxide) this 
is a project which would suffer if rushed. On the other 
hand, the longer term development potential of the HTR 
could usefully receive more effort. Ideas for using HTRs 
to generate electricity with gas turbines, and the application 
of HTRs to provide process heat, now seem to be moving 
ahead more quickly as collaboration with other countries 
is arranged. 
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Fig. 6 Nuclear power in Britain. a, Experimental power 
stations; b, Magnox stations; c, AGR stations under con- 
struction; d, proposed stations. 1, Dounreay DFR and PFR; 
2, Dunbar; 3, Hartlepool; 4, Sizewell ‘A’ and ‘B’; 5, Moles- 
worth: 6, Orfordness; 7, Bradwell; 8, Dungeness ‘A’, ‘B’ and 
‘C’; 9, Winfrith ‘Dragon’ and SGHWR; 10, Hinkley Point 
‘A’ and ‘B’; 11, Oldbury ‘A’ and ‘B’; 12, Berkeley; 13, 
Portskewett; 14, Trawsfynydd; 15, Wylfa; 16, Heysham, 17, 
Calder Hall and Windscale Magnox and AGR; 18, Girvan; 

19, Chapelcross Magnox; 20, Hunterston ‘A’ and ‘R’, 


The declared reluctance in some parts of the Central 
Efectritity Generating, Board to order more AGRs, can 
be expêcted to decrease as experience is gained with 
Hinkley Point B station and the South of Scotland Elec- 
tricity Board’s Hunterston B station.-Both of these stations 


Nature Vol. 249 June 21 1974 


are now almost in operation. Meanwhile, although fore- 
casters have been perturbed by the low electricity demand 
of the past winter, it is felt that one or two stations of 
some other kind must be ordered soon to supplement firm 
power supplies in the early 1980s. 

The case for building LWRs designed in the United 
States (particularly the PWR) in the meantime, has been 
strongly pressed by senior people in the CEGB and the 
National Nuclear Corporation (NNC)—a potential] supplier 
under licence. Doubts that have arisen concern the safety 
of the thick steel pressure vessels and the pipework which 
comprise the coolant circuit, and the effectiveness of the 
emergency core cooling system (ECCS) in the event of a 
major fracture of the circuit. Much experimental work has 
yet to be done in the USA and other countries using LWRs, 
on both pressure vessel failure and ECCS during the next 
few years. There has been no publication of convincing 
evidence that, even if satisfactory safety solutions were 
known, any programme including the PWR would be 
better or cheaper than a programme using the British 
design. Factors bound to lengthen the programme and in- 
crease the costs are: import requirements, searching 
Electricity Board specifications, and the necessary quality 
assurance standards. It is important to avoid delays. 
For a large nuclear station, the interest charges on the 
committed capital, and the cost of alternative electricity 
supply into the grid system, can be of the order of 7% 
of the cost of the station for each month of delay. About 
15 months of delay will double the cost, Project manage- 
ment and realistic construction programme planning are 
factors which are as important as plant design if improve- 
ment on past experience is to be obtained. 

The case for building the British steam generating heavy 
water moderated reactor design (SGHWR) has been 
strongly pressed by the South of Scotland Electricity 
Generating Board and the Parliamentary Select Committee. 
The prototype 100 MW SGHWR power station which has 
been operating at Winfrith Heath in Britain since 1968, 
has resulted in an improved understanding of water 
reactors. The prototype incorporates many attractive fea- 
tures selected from the best of the earlier reactors. Not 
least of these is the modular pressure-tube construction of 
the core, avoiding the thick steel pressure vessel which 
characterises the LWRs. Experience in the operation of 
the Winfrith SGHWR has been good so that larger stations 
could now be built, with or without Support from similar 
pressure tube reactor work in Canada, on the CANDU 
and boiling light water types. As in the case of the LWRs, 
however, many power station engineers consider that it is a 
retrograde step back to saturated steam conditions for the 
turbine-generators, particularly as the superheat steam 
machines now in use in all advanced British base-load 
power stations would be needed again later in the pro- 
gramme. It is possible, however, that because of the 
amount of nuclear power needed in Britain, there may be 
room for a few SGHWR designs. Interested countries 
abroad would then have some indication of the effectiveness 
of the design in larger scale operation than has been 
possible at Winfrith Heath. 

In due course, fast neutron breeder reactors will be 
needed to ensure the better use of uranium resources. By 
converting U (or *’Th) into the more fissile Pu (or 
U) they can enable possibly a 50 fold reduction in 
uranium needs. They can also use waste “FU from earlier 
isotope and urantum-plutonitum separation plant operations, 
and ensure that natural uranium continues to be available at 
acceptable prices for the thermal reactors still operating. 

Encouraging progress towards commercial sodium 
breeders is now becoming apparent, with the French "Phenix 
and British PFR in operation. Only three factots could 
delay the establishment of commercial lead stations in 
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continental Europe and Britain in the early 1980s: first, 
the inability to demonstrate that a programme of such 
reactors could be built with capital costs low enough to 
allow electricity to be generated as cheaply as is possible 
using contemporary thermal reactors: second, poor ex- 
planation to the public of the exceptional value of plut- 
onium as a ‘perpetual motion’ fuel; and finally, poor ex- 
planation to the public of ways that plutonium can be 
managed in the fuel cycle external to the reactors. 
Gas-cooled breeder designs would have been much 
further advanced if at the time of initial consideration pre- 
stressed concrete vessels had been available to ensure safe 
designs, which steel vessels could not. Gas-cooled reactors 
would have been a logical next step beyond the AGR 
and HTR. While a European Gas Breeder Reactor Associa- 
tion is now pursuing limited objectives in the fuel design 
and plant layout areas, large scale expenditures are unlikely, 
and progress is likely to be slow as long as sugcess with 
sodium-cooled breeder reactors remains a possibility. 


Probable strategy 


The basis of probable future strategy (Table 2) is that gas- 
cooled reactors of the Magnox (Mark 1) type have worked 
well and given invaluable experience for later develop- 
ments. It can be expected that gas-cooled reactors of the 
AGR (Mark 2) type will soon begin to work well and 
that the difficult problems of the earlier designs can 
be avoided through more careful specification of plant 
yet to be ordered, particularly concerning the boilers and 
the insulation of pressure vessel liner. It is agrecd that 
development work towards gas-cooled reactors of the HTR 
(Mark 3) type should be continued because of its potential 
for electricity and process heat applications. Thus, gas 
breeder reactors (Mark 4) could be achieved, which in 
a large-scale, fusionless, national energy system of the 
distant future might have a place complementary to, or even 
supplanting, the most advanced sodium breeder reactors. 
They would not operate, however, before 1995. 

A further basis of this strategy is that if water-cooled 
reactors are required, it will only be to a very limited ex- 
tent, and there is not a justifiable case for importing their 
technology into the PWR or BWR designs at considerable 
cost. Proving their safety would give continuing difficulty 
in Britain. Sufficient progress has been made with the 
British SGHWR to exploit its capability now commercially 
in a few larger stations, while the AGR matures to full 
credence. An alliance of British SGHWR and Canadian 
knowledge with ¿similar plant should mean that some 
overseas customers will become confident enough to order 
water-cooled power stations from the combined organisa- 
tion. This might not occur if Britain and Canada continue 
to operate separately. 

It does not ease the problems of a country to have too 
many parallel lines of development simultaneously. In 
particular, it is not beneficial to build contemporaneously 
too many prototype or lead power stations. With the choice 
of gas-cooling as the main line, and sodium-cooling as 
an option for the future, Britain would seem to have 
sufficient scope but not excessive problems. If there 
are benefits from water-cooled designs, as there seem to 
be in the small sized unit overseas market, these will come 
with slight extension of present commitments through 
SGHWRs. That obviates the greater effort required to 
understand and necessarily improve the LWR technology 
by importing PWR designs. Britain could and should buy 
technological expertise from abroad when it is lacking 
at home, but ! the nuclear power field this is unnecessary 
at the prestnt time. Indeed, she has available to other 
countries valuable gas-cooled, water-cooled and sodium- 
cqoled reactor technology, which improved marketing 
could turn to benefit. 
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DNA fragments carrying genes for tRNA‘ 


Arthur Landy, Carl Foeller & Wilma Ross 
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The duplicated genes coding for tRNA'T have been isolated 
using site-specific nucleases and gel electrophoresis. An 
unduplicated sequence of 4-120 base pairs separates the two 
genes. Specific DNA fragments can be obtained in sizes 
appropriate for beth functional and structural analysis of the 
tRNA’3: region. 


ONE approach to studying the detailed structure of a transfer 
RNA gene involves the chemical synthesis of the relevant 
deoxyribonucleotide sequences’. A major barrier to alter- 
native approaches has been the problem of isolating genomic 
sequences of the appropriate size and purity. Several prepara- 
tions of DNA enriched to various degrees for regions comple- 
mentary to transfer RNA have been described?~5. In the 
experiments reported here, the genes for tRNA" have been 
obtained as small DNA fragments using a combination of 
several site-specific endodeoxyribonucleases and _ polyacry- 
lamide-agarose gel electrophoresis®”. 

In Escherichia coli, three genes for tRNA‘ have been 
identified. The gene coding for the major species, tRNA‘, 
(70% of the total tyrosine accepting activity), maps at approx- 
imately 78 min (refs 8-10). The two genes which code for the 
minor species, tRNA‘}", occur as a duplication near the 
attachment site for bacteriophage 80 (refs 11-13). (The term 
gene is used here to indicate that sequence of bases coding for 
each tRNA. There is no evidence at present to indicate 
whether the two tRNATY genes are transcribed as a single RNA 
molecule, as is found for tRNAs coded by bacteriophage T4 
(ref. 14).) The tR NATY" genes are only distinguishable from one 
another insu ġ cells where one of them has a single base change 
in the anticodon region?®:!®, This suppressor phenotype has 
made possible the isolation of several different transducing 
derivatives of bacteriophage ®80 as well as the isolation and 
biochemical characterisation of mutants deficient in various 
aspects of tRNA function?’ ~, 

Three phages have been used as sources of DNA. The phage 
®80h psu tr (double copy phage or ‘doublet’) is a nondefective 
transducing phage carrying both genes for tRNA. The phage 
®80h psuj; (single copy phage or ‘singlet’) is a phage derived 
from the doublet phage by an unequal recombination event 
between homologous sequences, such that one of the two 
tRNA» genes has been eliminated (see Fig. 6, inset). The 
phage from which the transducing phage were derived is P80h 
amb1 and will simply be referred to as 80h or parental". 


DNA digestion profiles 


The site-specific nuclease endo R-Hind, (prepared from Hemo- 
Dhilus influenzae Rd according to the procedure of Smith and 
Wilcox**), was used to digest DNA isolated from ®80h, the 
doublet transducing phage and the singlet transducing phage. 
When the limit digestion products are compared by gel electro- 
phoresis, the three profiles are found to be congruent for a 
majority of the fragments (Fig. 1), Our conclusions here are 
based upon composite data obtained from the*application of 
several different electrophoretic conditions, each chosen for its 
ability to resolve optimally a particular group of fragments. 
To facilitate comparison of the three DNA digests, a schematjc 


diagram combining the data from several electrophoresis condi- 


e 
+ 
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tions is given in Fig. 2. Construction of this composite is 
accomplished by including an overlap of well resolved fragments 
in each experiment. The band differences between the three 
DNAs provide convenient landmarks for confirming the 
alignment of profiles. 

There are three fragments which are unique to ®80h DNA 
(A4, A6 and E4). There are five fragments which are absent 
from the ®80h digest but which occur in both the singlet and 
doublet digests (A4a, A6a, Dla, F3a, F3b). These are called 
transducing-unique. In addition, there is one singlet-unique 
fragment (Cla) and one doublet-unique fragment (B10a). 


Hybridisation 

The ability to hybridise with °H-tRNAT” (ref. 21) has been 
tested for each of the seven fragments unique to the DNA of 
the transducing phages. These unique bands, and several 
others which are common to all three phages, were eluted 
separately from preparative-scale gels. The only fragments 
showing any significant hybridisation with °H-tRNA are the 





Table 1 Hybridisation of isolated fragments with 3H-tR NAT”! 


DNA DNA 3H (c.p.m. 3H (c.p.m./ 
type fragment filter) pmole DNA 
; fragment/filter) 
Singlet B 8,9 Bl 8.6 
Singlet . Bll 1.9 3.6 
Singlet C la 28.4 56.6 
Singlet C3 1.8 7.0 
Singlet C4 0 0 
Singlet Dia 0.8 3.1 
Singlet D, 2,3,4 0.7 5.7 
Singlet . E 1 0 0 
Singlet ES 0 0 
Singlet F 3,3a,3b 0.1 0.4 
Doublet A 1,2,3 4.3 83.3 
Doublet À 4,5 4.0 10.0 
Doublet A 6,7 12.3 76.7 
Doublet A8 3.0 . . 16.7 
Doublet Bi `` 7.0 40.0 
Doublet B 2,3,4 9.7 56.7 
Doublet B5 11.0 > 56.7 
Doublet B 6 9.3 50.0 
Doublet B7 10.3 63.3 
Doublet B 8,9 58.0 395.0 
Doublet B 10a 194.7 1047.0 
Doublet B 10 60.0 330.0 
Doublet Bll 4.0 23.3 
Doublet Cl 1.3 10.0 
Doublet C2 3.7 20.0 
Doublet C 3,4 4.0 23.3 


DNA fragments were prepared from °*P-labelled singlet and 
doublet DNAs (2 x 10? c.p.m. ug at the time of hybridisation) 
by preparative gel electrophoresis and electroelution from excised 
gelstrips. After phenol extraction and dialysis, DNA was denatured 
in 0.2 N NaOH at 20° C for 15 min, neutralised with Tris-HCl], and 
brought to 6x SSC. Fifteen microlitres, containing 27 pmol of frag- 
ment were spotted immediately onto a dry 13 mm Millipore filter, 
which had been prewashed successively in 6X SSC and distilled water. 
DNA filters were exposed, while still wet, to ultraviolet light at 22 cm 
from a 15 W GE germicidal lamp (5 min per side), then dried for 3 h 
at 80° C under vacuum. To remove loosely bound DNA before 
hybridisation, filters were washed in 6X SSC, 0.1% Sarkosyl for 30 
min at 20° C, then for 30 min at 67° C. Hybridisation was carried 
out in 6 X SSC, 0.1% Sarkosyl, with 9H-tRNA (2 ug mi~) at 67°C 
for 8 h.* The 3H-tRNa& preparation was enriched for tRNA™” on 
B-D Cellalose?*. Following hybridisation, filters were washed, 
treated with T, and pancreatic RNase as described*!, and counted 
in omnifluor. 
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the electical, mechanical, optical, thermal, mag- 
netic, semiconductor, piezo- and pyro-electric 
properties of crystals. o o 
Introduction or extension of student courses is facilitated 
by the availability of the text book ‘Experimental Crystal 
Physics’ by Dr W. A. Wooster and Professor A. Breton 
and the comprehensive laboratory notes supplied with 
the apparatus. 
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Our customer service teams always provide prompt 
technical advice,and our most experienced scientists will often 
visit your laboratories to discuss particular problems in the use 
of radiochemicals. 

Further information on our research radiochemicals service 
is available from your local distributor- please write to us for his 
name and address. 
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In this work the author has aimed to relate the reactivity of organic free radicals to their structure, 
and in particular to the type of orbitals occupied by their unpaired electrons. The treatment is more 
systematic than in previous publications. 


Contents , 

Introduction. The structure of radicals. Bond dissociation energies. The formation and reactivity of 
radicals: non-polar effects. The formation and reactivity of radicals: polar effects. Autho index. 
Subject index. 
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Sub-clinical lead poisoning is a relatively new conzept and to some extent a controversial one. This 
book aims to provide a broad and objective assessment of the information currently available, 
including work carried out in eastern Europe where the problem has been considered for longer 
than in the rest of the world. Accounts of the metabolism and pathology of lead in man and other 
animals, the signs and symptoms of classical clinizal lead poisoning and the mobilisation of lead by 
man in historical and recent times, are given as background to the main study. 
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The present work consists mainly of papers presented at a conference on Microprobe Analysis as 
applied to Cells and Tissues held at the Battelle Seattle Research Center, Washington, USA during 
April and May, 1973. The papers explain and illustrate how microprobe techniques may be exploited 
to the limit of their present capability, and explore in detail the main technical problems, especially 
those of specimen preparation and of beam-induced damage in electronprobe microanalysis. Each 
presentation is concluded by a critical appraisal of the topic under discussion. 
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This book provides a completely novel synthesis of current knowledge of how pesticides act at the 
molecular level. All fungicides, herbicides, insecticides and some veterinary products now in use, as 
well as some now superceded, but of special biochemical interest, are considered according to their 
mode of action. Information on uptake and breakdown ts included where it is relevant to this under- 
lying theme. Unlike most works in the field this text does not deal with fungicides, herbicides and 
insecticides separately. Rather the author considers it biochemically more logical to treat the com- 
pounds according to their molecular action, so highlighting relationships and common features and 
providing some explanation of selective toxicity. 
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singlet-unique fragment, Cla, and the doublet-unique fragment, 
Bl0a (Table 1). There is occasionally a small amount of hybri- 
disation observed in the bands immediately adjacent to Cla and 
B10a which is an artefact encountered in slicing the preparative 
gels and eluting bands. For example in Table | band B8,9 
shows some evidence of hybridisation in doublet DNA where it 
is adjacent to B10a; however, in singlet DNA which contains 
Cla instead of Bl0a, the B8,9 band does not show any 
hybridisation. 

The strongest statement permitted by the limitations inherent 
in the hybridisation experiment is that a particular fragment 
does carry a significant portion of the tRNA’” gene. It cannot 
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Fig. 1 Digestion profiles of ®80h, doublet and singlet DNA 
produced by endo R-Hind. Growth of phage and preparation of 
DNA were as described previously**. All endonuclease diges- 
tions were carried out for 4.5 h at 37°C in 10 mM Tris-Cl 
(pH 7.9), 6.6 mM MgCl, 6.6 mM mercaptoethanol, 60 mM 
NaCl with DNA at 200 ug ml— and using amounts of endonu- 
clease sufficient to yield limit profiles. Unless specified otherwise 
all gels were made and run in Tris-Borate buffer (pH 8.3), have 
the composition 2% acrylamide (0.1% N, N’-methylene-bis- 
acrylamide), 0.5% agarose and were stained with Stains-all’. 
Electrophoresis was carried out at 200 V (11 YV cm7) in EC 
apparatus flat plate cells cooled to 4° C. Digestions of ®80h (P), 
doublet (D), and singlet (S) DNA were divided into two aliquots; 
lanes 1-3 each contain 40 ug of DNA and were electrophoresed 
for 3 h; lanes 4-6 each contain 10 ug of DNA and were electro- 
phoresed for 6 h. Unique fragments (those not common to all 
three) are indicated by arrowheads (see text). For identification 
of the unique fragments see Fig. 2. 
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Fig. 2 Schematic diagram of Hind digestion profiles of 80h, 
doublet and singlet DNAs. The relative migration distances are 
based on a 2% acrylamide-0.5% agarose 45 cm gel profile. 
Arrowheads indicate those bands unique to one or two DNAs 
(compare with Fig. !). Band nomenclature ts based upon the 
®80h profile. Bands falling into visually separated groups are 
assigned letters A-F, and fragments within a group are assigned 
consecutive numbers in order of migration distance. Labels for 
the fragments unique to singlet and/or doublet DNA are derived 
from the nearest non-unique fragment by the addition of a small 
letter (see ref. 23). 


be ruled out, on the basis of these experiments alone, that some 
other fragment(s) may also carry a portion of the tRNAT” gene 
which is either too small to be detected in the assay or which 
codes for those precursor sequences not found in the mature 
tRNA (ref. 22). 


Integrity of tRNA‘ genes 

The question of whether all the sequences coding for the mature 
tRNA‘ reside on the singlet-unique (Cla) and doublet-unique 
(B10a) fragments can be restated. Is there a nuclease recogni- 
tion site within the tRNA gene(s) (including, in the case of the 
doublet DNA, any unduplicated intergenic region)? The 
following analysis is based upon two assumptions. First, the 
generation of the single copy transducing phage from the double 
copy transducing phage was by a mechanism not more complex 
than that deduced from the genetic data (ref. 11 and Fig. 6 
inset). Second, if a nuclease-sensitive site exists in one region 
specifying tRNATY it also exists in the other’®. 

* The distribution of fragments unique to each of the phage 
DNA digestions sheds some light on this question. The 
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Fig. 3 Digestion profiles of 80h, doublet and singlet DNA 
produced by endo R:Hinc. Endo R-Hinc, purified from Hemo- 
philus influenzae Rc (23) was used to obtain limit digestions of 
P8Oh (P), doublet (D) and singlet (S) DNA. Conditions of 
digestion and electrophoresis were as described in Fig. | except 
that electrophoresis was for 5 h. The Hincll and Hind (Hindi 
and Hindlll) digestion profiles of 80h DNA are identical 
except for four fragments unique to Hincll and eight fragments 
unique to Hind (ref. 23). Fragments unique to the HinclI 
digestion are named for the nearest Hind fragment followed by 
a small letter suffix. Arrowheads indicate the HinclI doublet- 
unique (A7a) and singlet-unique (Bla) fragments which carry 
the tRNA" gene(s). (In these gel electrophoresis conditions, 
Bla is not resolved from B1.) O, Positions of the Hind tRNA‘? 
containing fragments, Bl10a and Cla—missing in a Hincll 
digestion profile. 


existence of three @80h unique fragments is a consequence of 
two nuclease recognition sites which exist in 80h DNA but 
which are missing from the DNA of both transducing phages. 
In the transducing phages the segment of E. coli DNA has 
brought into the phage genome five nuclease-sensitive sites 
generating the six unique fragments in each phage. The con- 
clusion that none of these five nuclease-sensitive sites is within 
the tRNA‘}* gene(s) derives from the fact that the singlet and 
doublet DNA digestions have the same number of fragments. 
If there were a nuclease-sensitive site anywhere within or between 
the duplicated sequences, then’ the number of unique bands in 
the doublet DNA would be one greater than the number 
in the singlet DNA and the ability to hybridise 7H-tRNAT¢ 
' would have to reside in a band common to both phages. 


+ 
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Endo R-Hind (the phosphocellulose fraction of H. influenzae 
Rd) contains two ATP-independent nuclease activities each 
specific for a diferent deoxyribonucleotide sequence (ref. 23 
and H. Smith, personal communication). The nucleotide 
recognition sequence of the two enzymes, HindH and Hindll, 
have been determined using T7 DNA (ref. 24) and à DNA 
(K. Murray, personal communication) respectively. The fact 
that neither of the nucleotide sequences recognised by these two 
enzymes is contained in the sequence of tRNATY (ref. 16) or 
in the known tRNA precursor sequence”? is consistent with the 
conclusion that no Hind nuclease cuts are made within the 
duplicated tRNA" gene sequences. 

Hemophilus influenzae strain Re contains a nuclease, MincII, 
with a specificity identical to that of HindIII, but lacks any 
activity corresponding to the HindIII enzyme?*. Therefore, 
those Hind fragments produced by a HindIII cut at one or both 
termini are not present in a Hincll digestion profile but occur 
as part of some larger, Hincll-unique, fragment. The Hind 
fragments BiOa (doublet-unique) and Cla (singlet-unique) are 
in this category, and the fragments containing these sequences 
in a Hincll digest are A7a and Bla respectively (Figs 1 and 3). 
These are the only doublet-unique and singlet-unique fragments 
ina Hincll digest and have the same molecular weight difference 
as B10a and Cla (Table 2). ; 

When the Aincll fragment A7a is eluted and digested with Rd 
enzyme it gives rise to the Hind fragments B10a, Dla, F3a, and 
F3b; whereas, the Hincll fragment Bla gives rise to the Hind 
fragments Cla, Dla, F3a, and F3b (A.L., C.F., and W.R., 
unpublished) (compare Figs 2, 3, and Table 2). These results 
further strengthen the conclusion that the fragments B10a and 
Cla originate from homologous regions in their respective 
chromosomes, and that they differ from each other only by that 
piece of DNA which was lost in the genetic derivation of the 
singlet from the doublet transducing phage (Fig. 6). 


tRNA gene size . 


Although the full size of the tRNA*;" precursor molecule has 
not yet been established, the presently known sequences require 
a minimum of 128 base pairs for the tRNA’j" gene®*, In 
further experiments a tRNA‘S" precursor 135-140 bases long 
has been observed (S. Altman, personal communication). 

On the basis of the molecular weight difference between the 
doublet-unique fragment B10a and the singlet-unique fragment 
Cla (Fig. 4 and Table 2) it is estimated that the size of one 
tRNA}? gene plus any unduplicated intergenic sequence is 
approximately 200-260 base pairs. This number is somewhat 
larger than the size, 90-150 base pairs, estimated by electron 
microscopy of intact heteroduplex DNA molecules*>**, 


Estimates such as these represent an upper size limit, as the 
region of genetic duplication could be larger than the tRNA 
genes. 


If the crossover in the recombination event which 


Fig. 4 Electron micrographs of (a) doublet-unique (B10a)-.and 

(b), singlet-unique (Cla) fragments. DNA fragments were pre- 

pared as described in Table 1. ®X174 RFI circles, (c) (molecular 

weight °3.4 x 10° daltons) were included as internal standards for 

the conteur length“determination of fragment size. The electron 

micrographs were made by Nancy Brimlow in the laboratory 
of David Freifelder?®. 
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Fig. 5 Digestion of the doublet-unique (B10a) and singlet-unique 
(Cla) fragments with endo R-Hae. Endo R-Hae was prepared 
from Hemophilus aegyptius as described by Middleton ef af.?. 
Pure singlet-unique fragment Cla was prepared as described in 
Table 1. BlOa was obtained free from contamination by neigh- 
bouring fragments by isolating the HinciI doublet-unique frag- 
ment A7a, digesting it with endo R: Hind, and electrophoresing 
the digest to obtain the pure Bl0a product. Fragment B10a 
(lane 1) and fragment Cla (lane 2) were digested with endo 
R-Hae using the same digestion conditions as described in 
Fig. 1, and electrophoresed in a 5%-0.5% acrylamide-agarose 
gel for 3 h at 300 V. Fragments derived from B10a are numbered 
consecutively ZI-Z7. Fragments derived from Cla are assigned 
the number of the homologous fragment derived from BlQa. 
Arrows indicate those maT derived only from Bl0a: Z2 
and Z5. 


generated singlet from doublet took place outside the limits of 
the tRNA genes, then the doublet phage and singlet phage 
would differ by a correspondingly greater number of base pairs. 
This question will be answered in the course of the nucleotide 
sequence analysis of this region. 

Taking the size of the tRNA gene plus spacer to be approxi- 
mately 150 x 10° daltons (Table 2), the doublet-unique Bl0a 
and singlet-unique Cla fragments are two to three times the 
absolute minimum size necessary to «contain the "genomic 
regions coding for tRNA™". z e 

To obtain a subset of smaller tRNAs" gene fragments, 
purified doublet-unique fragment (B10a) and singlet-unique 
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fragment (Cla) were digested with endo R-Huae (from H. 
aegyptius) (ref. 27). The resulting fragments are well resolved 
on 5% gels (Fig. 5). Five of the seven fragments derived from 
the doublet genome have mobilities identical to those of the 
five fragments from the singlet genome. At the observed level 
of resolution this degrée of coincidence can be taken as strong 
evidence (that ts, as a fingerprint) that the two parental mole- 
cules, B10a and Cla, possess large regions of identical sequence. 

Table 2 shows that, within experimental error, the molecular 
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Fig. 6 A model, relating the fragments produced by Hindit, 
Hincli and Hae nucleases. Homologous segments of the three 
phage genomes @®80h, doublet and singlet are shown: phage 
DNA (sme), E. coli DNA ( ), E. coli DNA duplicated in 
doublet phage and containing tRNA" sequences (—X—-), 
E. coli DNA found only in doublet phage, that is, nonduplicated 
intergenic sequences (—-O0——). The cleavage sites of the three 
different enzymes are marked: Hincll or Hindll (4), Hindili 
(3), Hae (f). The DNA fragments are labelled and drawn 
to the same relative scale, or expanded 5 times, as indicated (for 
assigned molecular weight values see Table 2). Of the four 
fragments derived from the Hincll fragments A7a (doublet) or 
Bla (singlet), F3a and F3b are the only two which appear in a 
digest of intact singlet or doublet DNA with Hindli enzyme 
and must therefore be internal. As Z2 and Z5 are the only Hae 
fragments unique to doublet DNA, they must be adjacent and 
include all of the unduplicated intergenic sequence (——0-—.). 
(If there were no Hae sites in the unduplicated intergenic region 
only one doublet-unique fragment would be generated; two Hae 
sites in this region would give rise to three doublet-unique 
fragments, and so on.) The relative order of the other fragments 
is not determined nor is the location of the juncture between 
E. coli DNA and phage DNA. The size of each of the regions 
marked by (2—-X——) (the duplicated sequence) is between 135 
and 230 Base pairs and the size of the unduplicated sequence 
between them (——0——) is between 4 and 125 base pairs (see 
text). Inset: a representation of the out-of-register mispairing 
ə between identical doublet chromosomes, and an unequal recom- 
bination event (— —— ) which gives rise to the singlet chromo- 
some (ref. 11), 
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Table 2 Molecular weights of ‘unique’ fragments from tRNA‘ region 
Hincll Phage Molecular Hind Phage Molecular Hae Fragments Molecular 
fragments derived welght fragments derived weight derived from weight 
from (daltons x 107°) from (daltons x 107%) BlOat and Cla* (daltons x 107°) 
A4 80h 14.0 Zit* 1.75 
A6 80h 11.0 Z27 "1.12 
E4 80h 1.50 Z3t* 1.05 
Blaff  ————— Doublet— — 5.67 Z4t* 0.77 
Dia -—--—-----— Doublet — — 2.9 Z5t 0.54 
Ala doublet 10.5 ———— >| F3a — — — — ~m~ — — Doublet — — 0.93 Z.67* 0.33 
F3b 0 —-——-—-—-~~—— Doublet — — 0.93 ZTt* 0.22 
Ada Doublet 13.7 
AGa Doublet 11.3 
Cla = —— Singlet — — 4.\* Sum Bloat 5.78f 
Dla ——————-— Singlet— — 2.9 fragments 
Bla singlet 8.3 —_—_—_>} F3a ~m —Singlet —— 0.93 
F3b ——-— m Singlet — — 0.93 
Ada Singlet 13.7 
> œ A6éa Singlet 11.3 Sum Cla* 4,12* 
m fragments 





Fragment molecular weights were determined by electron microscopy and/or comparison of relative electrophoretic mobility with 


SY40 Hind DNA fragments of known molecular weight as described elsewhere??. 


derived from the Hincll fragments A7a and Bla. 


The horizontal arrows indicate which Hind fragments were 


* +, Derivation of individual Hae fragments from the parental Hind fragments Bl0a and Cla. 


weights of the Hae fragments add up to the molecular weights 
of the fragments from which they were derived. The most 
interesting feature of the Hae digestion profiles is the existence 
of two doublet-unique fragments, Z2 and Z5. Their presence is 
evidence that there is some number of base pairs—a minimum 
of four for the restriction site (K. Murray, personal communica- 
tion), which occur as an unduplicated sequence between the two 
sequences containing the tRNA‘ genes (Fig. 6). 


tRNA{" gene fragments 


These results indicate the potential usefulness and feasibility of 
successive digestion-fractionation cycles using different nucleases 
‘with appropriate site-specificities. The DNA fragments in Fig. 5 
are the final product of three such cycles using the nucleases 
Hincll, Hind, and Hae. 

A model showing how the relevant fragments produced in 
each of the three digestions might be related to one another in 
the intact genome is shown in Fig. 6. As shown above, the 
maximum size for one tRNA‘?’ gene (including the intergenic 
sequence) is 200-260 base pairs. Taking the minimum size of 
four base pairs for the unduplicated intergenic sequence gives a 
maximum size of 256 base pairs for the tRNA gene. Taking 
the minimum size for the tRNA*}? gene (135-140 base pairs) 
gives a maximum size of 125 base pairs for the intergenic 
sequence between the duplicated genes. 

Each of the three endonucleases used in this work produces a 
different size tRNA‘)" gene fragment. The Hind fragments 
Bi0a and Cla, which are two to three times the estimated size 
of the tRNA’¥* gene(s) (plus intergenic sequence), are the most 
favourable size for studying in vitro the regulation and matura- 
tion aspects of tRNA synthesis and also the overall structure of 
the tRNATF genes. In both of these areas, the larger Hincll 
fragments A7a and Bla may also prove useful. The seven Hae 
fragments, which are in the subgenic size range, are the most 
favourable for nucleotide sequence analysis. 

The ability to isolate pure preparations of these fragments in 
chemical quantities should make a complete analysis of the 
tRNA gene(s) a feasible prospect. Similar experiments are 
being carried out with the gene coding for tRNA’, the major 
species, on the premise that this comparison may help to identify 
those features of gene structure which are important in the 
regulation of tR NA synthesis. 

We thank Nancy Brimlow and David Freifefder for electron 
micrographs of the DNA fragment’. This work was supported 
by grants from the National Institutes of Heålth and the 
American Cancer Society. 
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Radio spectra of OH471 and OQ172 


Rano spectra for the highly redshifted z> 3.40 quasars OH471 
(ref. 1) and OQ172 (ref. 2) are presented here for frequencies 
between 16.7 MHz and 85.3 GHz. The spectra are complex. 
Both have a peak at or near 1.4 GHz and a second peak near 
or above 85 GHz. Both have a low frequency cutoff, the 
one for QH47I being especially sharp. OH471 sometimes 
seems to be variable at 31 GHz on a time scale of days but the 
source appears to be stable at 10.7 and 22 GHz. 

Although flux densities for these sources had already been 
published at a few frequencies, the unusual nature of the 
` objects encouraged us to undertake further measurements at 
as many frequencies and epochs as possible in order to obtain 
much more complete data in both frequency and time domains. 

All observations, new and previously published, are listed 
in Table 1. The spectra of the sources are shown in Fig. 1. 
Figure 2 is a plot of flux density against time for OH471, 
which has shown some evidence of variability. The observa- 
tions involve more than 120 measurements at many epochs 
from 1963 to March 1974 at 25 different frequencies between 
16.7 MHz and 85 GHz. 

Flux densities have been adjusted to the Wills scale?. The 
flux density on this scale was obtained by multiplying values 
on the KPW scale! by 1.23 at 178 MHz, 1.10 at 750 MHz and 
1.06 at 1.4 GHz. No adjustment was made at frequencies of 
2.65 GHz and above since the difference between the Wills 
scale, the KPW and other commonly used scales is small 
(less than 5%). 

Measurement details of the new observations are as follows: 
Algonquin. Measurements with the 46-m Algonquin telescope 
were made on OH471I and OQ172 at 10.7 GHz between April 
and December 1973, and at 22.2 GHz during February 1974. 
The ARO 10.7-GHz receiver has a noise temperature of 120 K 
and a bandwidth of 100 MHz. The 22.2-GHz receiver has a 
noise temperature of 200 K and a bandwidth of 500 MHz. 
The observations were made by Andrew, Gearhart, Purton, 
Feldman and Marsh. 

Bonn. Measurements were made with the 100-m telescope in 
July 1973 at 10.7 GHz and in August 1973 at 1.42 GHz with 
the results given in Table 1. Observers included Thiel, Fiirst 
and Hirth. 

Cambridge. The flux densities of both OH471 and OQI72 are 
below the 4C limit of 2.0 Jy at 178 MHz but an examination 
of the interferometer records yielded the values given in 
Table 1. In addition flux density measurements at 5.0 GHz 
of OH471 were made in June and July 1973 and of OQ172 
in August 1973 and March 1974 with the 5-km_ telescope 
(Table 1) and accurate positions determined (Table 2). 
Grakovo. Flux density measurements on OH47! and OQI72 
were made during 1973 at decameteric wavelengths with 
the (Ukrainian) UTR-2 radio telescope. This telescope consists 
of two arrays of wideband horizontal dipoles arranged in the 
form of a ‘T’. One array, oriented north-south, is 1,860 m 
long and has 1,440 dipoles. The other, or east-west, array is 
900 m long and has 600 dipoles. The array operates over the 
frequency range 10 to 25 MHz in a five-beam mode. 

Observations on OH471 and OQ172 with the UTR-2 tele- 
scope showed no detectable signal from which it may be 
concluded that the flux density of both sources is %ess than 
10 Jy (f.u.} at 16.7 MHz and less than 5 Jy at 25 MHz. These 
‘ observations support the conclusion that neither source has 


a low frequency component. The minimum detectable flux 
density is necessarily large because of confusion effects com- 
bined with the high sky background temperature (~ 10° K). 
Green Bank. Observations were made at 1.4 and 2.695 GHz 
with the 300-ft meridian transit telescope, using multiple-feed 
systems to determine accurate declination pointing correc- 
tions. The procedure has been described by Bridle et af.®. At 
1.4 GHz, 0Q172 was observed in February 1970 @nd*OH471 
in May 1973. At 2.695"°GHz, OQ172 was observed În January 
1973 and both QSOs were observed in April, May, and June 
1973. Observations with the three-element interferometer were 
made in February 1974 at 2.695 and 8.085 GHz. The 300-ft 
telescope ‘measurements were ‘made by Bridle and the three- 
element interferometer measurements by Warner, Assousa, 
and Balick. 

Kitt Peak. Observations at 31.4 and 85.3 GHz were made 
with the I[l-m telescope at Kitt Peak during six days in March 
1973 on OH471 and on four days in July 1973 on both OH471 
and OQ172. Techniques were similar to those described by 
Conklin er al. 


Itapetinga.. Observations were made during July and August 


1973 and again in February 1974 with the Mackenzie University 
(Brazil) 13.7-m radome-enclosed telescope at 22.2 GHz. The 
receiver bandwidth is 100 MHz and the system temperature 
about 2,500 K. A double beam feed was used consisting of 
two horizontally polarised horns with beam separated in the 
sky by 9’. The data were corrected for atmospheric absorption 
and radome attenuation. 


Flux density S (Jy) 
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*Fig. 1 Flux density (5) of OH471 (a) and OQ172 (b) against 
frequency. The points with no error bars have errors within 


ô the extent of the solid circle. 


é. 
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Measurements were made on seyen days between July 25 
and August 3, 1973, and on seven days in February 1974, for 
OH471 and on four days between July 25 and 29, 1973, for 
OQ172. Each measurement averaged more than 2 h of ob- 
serving time. The measurements on OH471 were difficult 


Table la Flux densities for OH47! 


Frequency Flux density (Jy)* Epoch ObservatoryT 
16.7 MHz <10.0 1973 Grakovo 
25.0 | < 5,0 1973 Grakovo 
178 <0.6 1962 Cambridge 
365 <0.5 1973-1974 Texas 
612 1.2 (0.4 ) 1969.2-1970.2 Ohio” 
1.40 GHz 1.70 (0.07 ) 1973.41 Green Bank 
1415 > a 24 (0.5 ) 1963.9 Ohio 
1.415 " 2.3 (0.4 ) 1966.8 Ohio 
1.415 2.2 (0.4 ) 1969.6 Ohio 
1.415 2.2 (0.4 ) 1970.2 Ohio 
1.415 2.3 (0.4 ) 1970.2 Ohio 
1.42 1.73 (0.07 )a 9 Aug. 73 Bonn 
1.42 1.73 (0.07 )a 12 Aug. 73 Bonn 
1.42 1.8 (0.4 ) 1974.0 Ohio 
2.65 1.3 (0.4 ) 1969,7 Ohio?! 
2.695 1.16 (0.03 ) 1973.28 Green Bank 
2.695 1.10 (0.03 ) 1973.65 Green Bank 
2.695 1.09 (0.05 ) 1974.1 Green Bank 
3.2 1.30 (0.15 ) 1971.0 ' Algonquin!? 
5.0 0.945(0.025) 8 Jun. 73 Cambridge 
5.0 ' 0.945(0.025) 19 Jun. 73 Cambridge 
5.0 0.951(0.025) 2 Jul. 73 Cambridge 
5.0 0.927(0.025) 24 Jul, 73 Cambridge 
6.6 0.90 (0.10 ) 1971.2 Algonquin}? 
8.09 0.90 (0.10 ) 1974.1 Green Bank 
10.7 0.90 (0.10 ) 16 Apr, 73 Algonquin 
10.7 0.95 (0.05 ) 22 May 73 Algonquin 
10.7 0.81 (0.08 ) 25 Jun. 73 Algonquin 
10.7 1.05 (0.11 ) 26 Jun. 73 Algonquin 
10.7 0.87 (0.04 ) 27 Jun. 73 Algonquin 
10.7 0.92 (0.04 ) 28 Jun. 73 Algonquin 
10.7 0.88 (0.04 ) 29 Jun. 73 Algonquin 
10.7 0.90 (0.04 ) 30 Jun. 73 Algonquin 
10.7 0.88 (0.04 ) 1 Jul. 73 Algonquin 
10.7 0.84 (0.04 ) 3 Jul. 73 Algonquin 
10.7 0.89 (0.10 ) 24 Jul. 73 Algonquin 
10.7 0.95 (0.14 ) 26 Jul. 73 Stanford 
10.7 0.91 (0.04 Jb 26 Jul. 73 Bonn ' 
10.7 0.87 (0.04 )b 27 Jul. 73 Bonn 
10.7 0.91 (0.04 )b 28 Jul. 73 Bonn 
10.7 1.01 (0.10 ) 24 Aug. 73 Algonquin 
10.7 0.91 (0.10 ) 16 Sept. 73 Algonquin 
10.7 0.92 (0.10 ) 12 Dec. 73 Algonquin 
13.5 0.90 (0.10 ) 1971.2 Algonquin!? 
222 0.70 (0.25 ) 25 Jul.-3 Aug. 73 Itapetinga 
22.2 0.80 (0.20 ) 19-27 Feb. 74 Itapetinga 
22.2 0.87 (0.09 )c 3 Feb. 74 Algonquin 
22,2 0.91 (0.06 Jc 4 Feb. 74 Algonquin 
22.2 0.90 (0.08 )c 5 Feb. 74 Algonquin 
22.2 0.89 (0.09 )c 5 Feb. 74 Algonquin 
22.2 1.01 (0.06 )c 6 Feb. 74 Algonquin 
22.2 0.89 (0.07 )c 7 Feb. 74 Algonquin 
22.2 1.02 (0.09 )c 8 Feb. 74 Algonquin 
22.2 0.89 (0.07 )c 9 Feb. 74 Algonquin 
222 0.83 (0.12 )c 10 Feb, 74 Algonquin 
22,2 0.95 (0.08 Jc 13 Feb. 74 Algonquin 
22.2 1.10 (0.15 Je 13 Feb. 74 Algonquin 
22.2 0.87 (0.10 Jc 14 Feb. 74 Algonquin 
22.2 1.00 (0.12 Jc 18 Feb. 74 Algonquin 
222 0.86 (0.10 )c 18 Feb. 74 Algonquin 
31.4 2.07 (0.4 Jc 8 Mar. 73 Kitt Peak 
31.4 0.36 (0.25 ) 11 Mar. 73 Kitt Peak 
31.4 1.79 (0.5 ) 12 Mar. 73 Kitt Peak 
31.4 0.77 (0.35 ) 13 Jul. 73 Kitt Peak 
31.4 0.21 (0.7 ) 14 Jul. 73 Kitt Peak 
85.3 0.5 (il ) 3 Mar. 73 Kitt Peak 
85.3 1.5 (0.6 ) 4 Mar. 73 a Kitt Peak 
85.3 0.65 (0.9 ) 5 Mar. 73 Kitt Peak 
85.3 1.25 (0.4 ) 3,4, 5 Mar. 73{av.)» Kitt Peak 
85.3 0.85 (0.7 ) 17 Jul. 73 Katt Peak 


* 1 Jy = 10-72 W m~? Hz. Relative to Wills scale?. 
a, relative to 3C147==23.3 Jy; b, relative to 3C147=4.14 Jy; s 
c, relative to DR21=17.8 Jy (peak with 1.4 HPBW) 

t Observations reported here, except where reference cited. è 
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because of the low elevation angle of the source (less than 
21°). 


Ohio. Records stored in the Ohio State University (OSU) 
Radio Observatory archives for epochs as early as 1963 were 
used to obtain flux densities for OH471; records back to 1966 
were examined for data on OQI72. The observations were 
made with the OSU radio telescope with techniques as given 
by Fitch er al”. Further observations of OH47! were made 
at 1.42 GHz with the OSU radio telescope in January 1974. 


Stanford. The aperture synthesis interferometer was used during 
July 1973 for measurements at 10.7 GHz. Both sources were 
unresolved indicating that their angular diameters must be 
less than 10”. 


Texas. The Broadband Synthesis Interferometer (BSI) was 
used to search for OH471 at 365 MHz on two occasions during 
May 1973 and on five occasions during January 1974. It was 
not found, but assuming that the source is constant at 365 MHz 
the upper limit is 0.5 Jy with 95% confidence. Techniques 
are similar to those described by Ghigo and Owens. 


Table 15 Flux densities for OQ172 


Frequency Flux density Epoch Observatory 
16.7 MHz < [0.0 1973 Grakovo 
25.00 < 5.0 1973 Grakovo 
178 0.9 (0.2 ) 1966 Cambridge 
318 2.1 (0.2 ) 1970 Arecibo 
365 2.4 (0.2 ) 1972 Texas$ 
408 19 (0.1 ) 1971 Molonglo* 
606 2.1 (0.15 ) 1970 Arecibo™ 
612 2.5 (0.4 ) 1967.7 Ohio 
750 2.6 (0.2 ) 1969.70 Green Bank’ 
1.40 GHz 2.78 (0,06 ) 1969.70 Green Bank® 
1.40 2.58 (0.03 ) 1970.16 Green Bank 
1.415 1.90 (0.6 ) 1966.5 Ohio 
1.415 2.2 (0.5 ) 1967.7 Ohio 
1.415 2.6 (0.5 ) 1967.7 Ohio’ 
1.42 2.50 (0.08 )d 12 Aug. 73 Bonn 
2.65 1.70 (0.5 ) 1967.7 Ohio?® 
2.695 1.96 (0.1 ) 1970 Nancay?” 
2.695 1.85 (0.03 ) 1973.06 Green Bank 
2.695 1.72 (0.06 ) 1973.28 Green Bank 
2.695 1.81 (0.04 ) 1973.65 Green Bank 
2.695 1.79 (0.05 ) 1974.1 Green Bank 
3.2 1.60 (0.15 ) 1969 Algonquin 18 
3.2 1.78 (0.04 ) 1970.08 Algonquin! 
3.2 1.74 (0.03 ) 1970.43 Algonquin 
5.0 1.22 (0.1 ) 1970 Green Bank! 
5.0 1.22 (0.02 ) Aug. 73-Mar. 74 Cambridge 
6.6 110 (0.1 ) 1969 Algonquin?’ 
6.6 1.12 (0.03 ) 1969.76 Algonquin!® 
6.6 1.12 (0.03 ) 1970.37 Algonquin?’ 
8.0 1.05 (0.10 ) 197] Michigan 
8.085 0.70 (0.10 ) 1974.1 Green Bank 
10.7 0.70 (0.10 ) 1969 Algonquin? 
10.7 0.75 (0.05 } 1969.19 Algonquin?’ 
10.7 0.51 (0.03 ) 1970.50 Algonquin?’ 
10.7 0.70 (0.07 ) 25 Jun. 73 Algonquin 
10.7 0.54 (0.06 ) 26 Jun. 73 Algonquin 
10.7 0.62 (0.04 ) 27 Jun. 73 Algonquin 
10.7 0.66 (0.07 ) 2 Jul. 73 Algonquin 
10.7 0.70 (0.08 ) 19 Jul. 73 Stanford 
10.7 0.62 (0.02 Je 25 Jul. 73 Bonn 
10.7 0.62 (0.02 je 27 Jul. 73 Bonn 
22.2 0.30 (0.20 ) 25-29 Jul. 73 Itapetinga 
22.2 0.31 (0.09 )c 4 Feb. 74 Algonquin 
22.2 0.31 (0.03 )c 5 Feb. 74 Algonquin 
22.2 0.30 (0.03 )c 6 Feb. 74 Algonquin 
22.2 0.32 (0.04 Xc 7 Feb. 74 Algonquin 
224.2 0.27 (0.04 Jc 16 Feb. 74 Algonquin 
31.4 o 0.56 (9.25 ) 13-14 Jul. 73 Kitt Peak 
85.3 1.72 (0.55 ) `> 16 Jul. 73 Kitt Peak 





d, relative to 3C298=5.95 Jy; e, relative to 3C298=1.03 Jy. Other- 
wise as Table 1a, 
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Fig. 2 Flux density of OH471 as a function of date for 
frequencies: 31.4 GHz(a), 22.2 GHz(b), and 10.7 GHz(c). 
. a, All Kitt Peak data; b and c as labelled. 


The spectra of OH471 and OQ172, shown in Fig. 1, are 
complex. Both have a low-frequency cutoff. The cutoff is 
particularly sharp for OH471. Both have a peak near 1.4 GHz 
and (if OH471 is not varying at 31.4 GHz) both have a second 
peak near or above 85 GHz suggesting at least two components. 

The measurements on OH471 at 31.4 GHz made at Kitt 
Peak are suggestive of variability. But the observations at 
22.2 GHz made at Algonquin show no evidence of variability 
and the observations at Itapetinga at the same frequency are 
inconclusive (Fig. 2). No observations were reported from 
other observatories for dates on which variability was observed 
at Kitt Peak so there is no direct disagreement. But the stability 
and greater precision of the Algonquin results are statistically 
inconsistent with the variability suggested by the Kitt Peak 
results if OH471 is a frequently fluctuating erratic variable 
as the later results imply. A frequency of 22.2 GHz is close 
enough to 31.4 GHz that a noticeable change might be expected 
to occur at 22.2 GHz accompanying a large variation at 
31.4 GHz. 

Measurements of OH471 between April and December 1973 
made at Algonquin, Bonn and: Stanford are all consistent with 
a constant flux density at 10.7 GHz. 

Records from OSU of OH471 at 1.415 GHz since 1963 
(Table 1) show no significant change in flux density until 
1970. But between 1970 and 1974 there is a marginally signifi- 
cant decrease. So there may be slight variability at 1.4 GHz 
on a time scale of years. l 





Table 2 Radio positions of OH471 and OQI72 





Source a(1950.0) 8(1950.0 Obseryatory 
OH471 06°42™53,5023(0.5005) +44°54’30. 890.05) Cambridge 

: (5-km™eleslope) 
OQ172 14°42™50,5479(0.010) +-10°11712.35(0’.15) Cambridge 
(5-km telescope) 
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According to Andrew et al? there is a 90% or greater prob- 
ability of sources with centimetre-excess spectra, like OH471 
and 0OQ172, exhibiting radio variability. Variability is sug- 
gested in OH471 and it will be interesting to continue measure- 
ments of OQI172, particularly in the region 10 to 40 GHz, to 
find if any variability exists. 

The spectrum of OQ172 (Fig. 1b) is complex. It would take 
four or five straight (power law) segments to give even a first 
order fit. The spectrum of OH471 is similarly complex and 
is further complicated by apparent variability at 31 GHz. 
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New position of Cen X-3 from Copernicus 


THE Xerayesource Cen X-3 (3U1118-60) is part of a pulsating, 
eclipsing, ‘binary system?*, The third Uhuru catalogue’ gives a 
best position for the source of a (1950) = 11 h 18 min 55 s, 
ô (1950) = —60° 19’ 5” with a 90% confidence error box of 
area 7 x 10 deg?. At present this X-ray source has not been 
positively identified with an optical counterpart although 
several candidates have been suggested— (refs 4-6 and 
L. Webster, unpublished). 

The Mullard Space Science Laboratory experiment on the 
Copernicus satellite has been used to observe Cen X-3 primarily 
with a view to refining the position but also to observe eclipse 
transitions at energies lower than those observed by Uhuru. 
The instrumentation which has been described elsewhere’; 
contains three co-aligned X-ray detection systems. The first 
contains a grazing incidence telescope (nonfocusing flux 
collector) and proportional counter sensitive in the nominal 
energy range 1.4 to 4.2 keV with circular apertures defining 
fields of view of 10 arc min (large), 3 arc min (intermediate) and 
1 arc min (small); the second is similar and is sensitive in the 
energy range 0.7 to 2.0 keV with apertures defining fields of 
view of 10 arc min (large), 6 arc min (intermediate) and 2 arc 
min (small); the third is a collimated proportional counter 
sensitive in the energy range 4 to 12 keV with a fixed aperture 
of 3°. | 

Cen X-3 was observed by Copernicus between 1900 uT on 
February 17 and 0200 UT on February 18, 1973. From 1900 uT 
to 2130 uT on 17 February the package was pointed at a (1950) 
= 11h 19 min 1.2 s, 6 (1950) = —60° 18’ 41” using the large 
apertures on the two telescopes and the X-ray source was 
observed emerging from an eclipse. The data from the three 
detectors are shown in Fig. 1; the background has been sub- 
tracted in the manner described previously’. The effectiveness 
of this method of background subtraction is well illustrated 
between 0000 UT and 0200 UT on February 18 when the satellite 
was passing through the edges of the radiation belts and there 
are no signs of their effects on the 4 to 12 keV signal. 

Figure 1 also shows that the lower energy X rays appear later. 
This effect was predicted by Schreier ef a/.* since they assumed 
the length of the transition was not due to an extended source 
but to an extended atmosphere around the occulting star. The 
present observations confirm this prediction of an extended 
atmosphere, clearly showing the 1.4 to 4.2 keV signal appearing 
more than an hour after the 4 to 12 keV signal. There is very. 
little emission at 0.7 to 2.0 keV which reinforces the interpreta- 
tion of an absorbing atmosphere being present. 

Between 2130 urt on February 17 and 0200 UT on February 18 
the 2U error box was observed using the intermediate apertures 
on the two telescopes. Seven points in the error box were chosen 
for observation with times of typically 20 intggration periods 
(one integration period being 62.5 5). The points were separated 
by 2 arc min so there was considerable overlap using the inter- 
mediate fields of view and significant emission was observed in 
three of these overlapping fields of view. Simultaneously the 
high energy system monitored the source and Fig. 1 shows that 
during this time the intensity of the source varied by less than 
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10% in the energy range 4 to 12 keV. (The response across the 
3° field of view of the high energy detector is approximately 
triangular and the correction due to the small pointing excur- 
sions is less than 2%). So we assume there were no significant 
variations in the intensity of the source on time scales of 
minutes during these observations. Since the efficiency profiile 
of the telescope field of view is well known, an estimate of the 
most likely position for the soutce can be made using the ratios 
of the count rates in the overlapping fields of view for the 1.4 to 
4.2 keV system. This best position is at a(1950)=—11 h 19 min 1.8 
s and 6(1950)= — 60° 20’ 27”. 

The error box for this position contains two components. 
First, there is a component due to the counting statistics giving a 
rectangular box 40 x 50 arc s and, second, one due to pointing 
uncertainties, of 10 x 20 arc s. The latter is derived from 
repeated observations of Sco X-1 which has a position known 
to better than 1 arc s. Combining these two sources of error 
gives a 90% confidence error box with corners shown in Table 1. 





_ Table 1 Corners of error box for Cen X-3 





h min s$ a 
a (1950) = 11 19 Ll -> 6 (1950) = —60 19 49 
11 19 71 —~60 20 1l] 
11 19 37 —60 21 5 
ii i8 57.7 —60 20 43 





These positions are shown schematically in Fig. 2 with the 
90% error box from the 3U catalogue’. These error boxes 
marginally overlap, the Copernicus error box being much 
smaller (2.4 x 10-4 deg?) and more to the south-east. 

Several optical candidates have been suggested for Cen X-3 
and it is worthwhile examining these in the light of this new 
X-ray position. Margon and Wray’ have suggested WRA795, 
a(1950) = 11 h 18 min 56 s, 6(1950) =.—60° 15’ 48”, but this 
can be definitely eliminated as being over 5 arc min north of this 
new position. The my = 15 blue star suggested by Liller®, L in 
Fig. 2, has been questioned by van Genderen® who found that 
the optical period of the star did not fit the X-ray period. This 
star lies well outside the Copernicus error box and hence can 


_ Counts per 
integration period 


_ Counts per 
three integration periods 





21:00 22:00 23:00 :00 ` 1:00 2:0 
Time (UT) 


Fig. 1 Copernicus observations of Cen X-3 between 1900 uT on 17 

February and 0200 ut on 18 February, 1973. Note the de-eclipse 

of thé X-ray source*between 1930 uT and 2100ur. Integration 

periode= 62.5 s, dead time between integration periods = 23 s, 

a, Charged particle background; b, 0.7 to 2.0 keV X rays; c, 
1.4 to 4.2 keV X rays; d, 4 to 12 keV X rays. 
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Fig. 2 X-ray error boxes for Cen X-3. C, Copernicus best posi- 
tion; 3U, Uhuru best position®; L, W, K, see text. K is 
the suggested position for Cen X-3. 


be eliminated. Webster (unpublished) has suggested CPD — 59° 
3380 (star 14 in Fig. 1 of ref .9) marked W in Fig. 2. This star is 
an early B giant, and so may have insufficient mass to be the 
primary of the system. Krzeminski® has found optical intensity 
variations, which.seem to have a period equal to the X-ray 
period, in the my ~ 13 red star (K in Fig. 2). This star has 
been classified as an 09.5— BO.5 Ib star !°"1 and so has sufficient 
mass to agree with the calculation of Schreier et a/?. 

Both of these last two stars are inside the Copernicus error 
box. However, the evidence presently available indicates that 
the star suggested by Krzeminski at a(1950) = 11 h 19 min 
03 s, 6(1950) = —60° 21’ 00”, is the optical counterpart 
for the primary of the Cen X-3 system. 

We thank F. J. Hawkins and the UCL-MSSL Copernicus 
team for assistance, Professor R. L. F. Boyd for encouragement 
and W. Forman, C. Jones, B. Margon, P. Murdin, S. Rappa- 
port, E. Schreier and L. Webster for discussions. K.O.M. 
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Interpretation of double 
structure m the celestial y-ray bursts 


THE essentially isotropic distribution of the Vela satellite 
y-ray bursts? implies that the sources are either very local 
and galactic, or very remote and extragalactic. Of the theories 
for a remote origin there are two schools of thought, either 
that these y-rays originate in shock waves during the formation 
of.type II supernovae? or that they represent transient pulses 
of blackbody emission associated with the collapse of a white 
dwarf to a neutron star®. 

A problem common to both of these theories is that they 
do not readily account for the fact that most of the observed 
bursts are double, and that the second pulse is frequently 
comparable in magnitude to the first. 

I here make the suggestion that perhaps the sources of these 
y-ray bursts may be identified with the collapse of a rotating 
magnetised star, following a model of the type computed by 
LeBlanc and Wilson‘; In this model, at the later stages in 
the collapse, axial jets are formed in ~2.5 s which, in their 
specific example, carry energies ~10*! erg at a temperature 
of ~3.5x 10° K, comparable to those estimated and required 
in ref. 3. The main objective of this suggestion is that if accept- 
able theoretically it could readily account for the double 
pulses. 

Figure 1 represents a replot in polar coordinates of the 
density profile of Fig. A2a in ref. 4 at t=2.67 s and p=3 x 108 
g cm™?. Let @ be the angle of tilt between the rotation axis 
of the source and a perpendicular to the source-Earth line 
and let ọ be the corresponding azimuth angle, ọ being zero 
in Fig. 1. 

If now the observed y-ray bursts originate from such collap- 
sing objects whose axes are randomly distributed, the following 
predictions are made: 

(1) The pulses will in general be double, for radiation will 
be observable from both polar jets. (2) The delay time T between 
the two pulses will in general increase with t, the duration 
of the individual pulses. (3) Single pulses will arise for all 


A N j 1 2.x 108 cm 


To Earth 
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Original 
stellar 







ig. 1 Diagram to illustrate the active polar regions on a 
collapsing rotating star with an axial magnetic field, from U-Blanc 
š and Wilsont. 
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values of ọ when 6=0, for all values of @ when p=7/2, and 
if one or other of the jets is totally obscured by the equatorial 
regions of the collapsing star. (4) The first pulse will always be 
the stronger—because a larger fraction of the nearer jet is 
visible to the observer than the farther jet and because Doppler 
shifts of radiation from matter moving along the jets, resolved 
along the line of sight, will increase both the flux and the 
photon energy of the radiation from the nearer jet; and if 
some or all of the radiation is nonthermal, one might expect 
it to be directed predominantly along the jet. (5) There should 
never be more than two pulses. . 

The duration of the pulses t will be compounded of the 
growth time and axial development of the jets, the rate of 
radiation production and the time difference corresponding 


to the line of sight path difference between the tip and the base ~ 


of the ‘visible’ portion of the jet. 


I now look at these predictions in the light of the data. Of 


the lafest fist® of Vela events I find, in support of prediction (1) 
above, that of the 19 events for which information on the 
character of the pulses is presented, 12 are double. Figure 2 
shows a plot, for these double events, of the duration t of the 
first pulse with respect to the separation T between the pulses 
(presumed to be measured from the onset of the pulses). The 
event numbers on the plot correspond to those used in ref. 5. 
It is at once apparent that t increases steadily with 7, in agree- 
ment with prediction (2). I find seven pulses which are single, 
consistent with (3), five being wide (21 s) and two narrow 
(<1 s). The wide pulses may correspond to overlapping of 
bursts from the individual jets or to relatively slow axial 
development of the jets. In support of prediction (4) I note 
that for the double pulses the first component is the larger in 
all cases, with the possible exception of event 71-2, for which 
the description is ambiguous. Regarding the multiplicity, pre- 
diction (5), the only event which reveals more than two pulses 
is 72-4, with a third event at T=28 s. 

Regarding the intensity of the thermal radiation from the 
poles in the LeBlanc-Wilson model, the quoted mass and 
temperature of the jets, ~ 10°? g and ~3x 10° K respectively, 
are sufficiently close to the corresponding values in ref. 3 
that the y-ray yields, and hence the distance-range of the 
sources (~25 to 300 Mpc) will be comparable on the two 
models. 

A crucial question is whether the jets can penetrate the 
residual stellar envelope, to densities at which the medium 
is optically thin to ~100 keV y rays, and in this connection 
it would be of interest to know: (a) how the strength, tempera- 
ture and axial development of the jets in this model change 
by varying the input parameters; (b) the subsequent history 
of the jets beyond r=2.67 s, at which their calculations were 


bo Lad Ja thr 
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Fig. 2 A plot of the duration t of the first component of ak 
double pulses listed in ref. 5, with respect to the separation T 
between the two components. è 
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halted; and (c) what effects the axial magnetic field may have 
on the cooling time. The absolute time scales present a problem. 
On the specific model in ref. 4, the tips of the jets are 
~7xX 108 cm apart at t=2.67 s, so that for 8 =60°, T~0,02 s, 
a- pulse spacing less than that measured for the shortest double 
event, Los Alamos burst No. 69-1. To obtain pulse separa- 
tions of several seconds, reported in ref. 5, as well as by others’, 
we require that the post-collapse dimensions be far larger. We 
therefore ask whether Colgate’s larger Type II 30Mw® stars?, 
with initial radii 101? to 10" cm can on collapse also develop 
axial jets, which could then radiate thermally at the required 
temperatures. 

Finally some remarks on the fine structure. There seems to 
be no difficulty in explaining quite large intensity fluctuations 
within the framework of these ideas. There will be temperature 
fluctuations in the jets and fluctuations in the opacity of the 
outer regions of the envelope; these fluctuations will appear 
rapid to the observer, since the velocity vectors v; and ye of 
the jet and envelope respectively (Fig. I) have opposite sign, 
see also Figs A6 in ref. 4. 

It had previously been suggested? that the secondary pulses 
and the fine structure could be interpreted as due to the rebound 
of the neutron star and/or its subsequent oscillations. This, 
however, would seem rather unlikely, as one would expect 
the primary catastrophic implosion, in view of its vast energy 
release, to outweigh by far the secondary effects, so that the 
y rays from the latter would be expected to be relatively much 
less intense, by perhaps some orders of magnitude, and hence 
below the threshold of the existing detectors. 

A more thorough ‘check on these’ ideas will be possible 
when the structure curves of the individual bursts are available. 

While the LeBlanc—Wilson model on which these ideas are 
based may be rather too specialised, it seems likely that any 
kind of outward-propagating shock wave in a star which is 
significantly rotationally flattened, would give rise to two hot 
spots on the surface and therefore a double burst. 

I thank Professor M. J. Rees for comments. 
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Fifteenth-order harmonics in the geopotential 
THE Earth’s gravitational potential is usually expressed as a 
double infinite series of spherical harmonics. Analysis of 
thousands of photographic and laser observations of satellites, 
together with gravity measurements has yielded global models 
of the geoid'~* accurate to about 3 m on average. The harmonic 
coefficients have been evaluated complete up to degree and 
order 16 in the Goddard Earth Models (GEM) 4 and 6 (refs 
1 and 2), and up to degree and order 18 in the Smithsonian 
Standard Earth IfI(SSE)?. Models currently being evaluated 
will extend to degree 25 (D. E. Smith, personal communication). 
Although these comprehensive global solutions give the overall 
geoid shape or gravitational field quite accurately, the individual 
harmohic coefficients of order between 10 and 20 are poorly 
determiited among the matrix of 300 or more coefficients, and 
accurate methods for evaluating coefficients of a particular 
order are badly needed, 
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One of the best methods is to analyse the changes in the 
orbital elements of Earth satellites which pass slowly through a 
resonance with the Earth’s gravitational field, when the ground 
track repeats after an integral number of revolutions. The 
I5th-order resonance, when the successive equator crossings 
are 24° apart and the track is repeated after 15 revolutions, 
is particularly useful because 15th-order resonant satellites 
circulate at heights near 500 km, where air drag is strong enough 
to ensure that the orbit contracts substantially in the course of a 
year. Consequently, each year many satellites experience 
[5th-order resonance as their orbits contract, and some of them 
pass through the resonance quite slowly, so that the orbital 
perturbations which result from 1[5th-order harmonics will 
build up*®. These perturbations can be analysed to determine 
15th-order coefficients in the geopotential. 

The longitude-dependent part of the Earth’s gravitational 
potential at an exterior point (r, 8, A) may be written in nor- 
malised form® as 

ao / AA oe 
(u/r) E È (R/r¥ Pi" (cos 0). [Ci cos m+ Sim sin mh) Nim 
[=2m=1 
where r is distance from the Earth’s centre, 0 is colatitude, 
à is longitude (positive to the east), u is the gravitational 
constant for the Earth (398,601 km? s-2), R is the Earth’s 
equatorial radius (6,378.1 km), P» (cos 0) is the associated 


Legendre function of order m and degree /, and Cim and oe 
are the normalised tessera] harmonic coefficients which is to be 
evaluated (for m = 15). The normalising factor N,,, is given 
by" 
Nim = U24 1) d— mU- m)! 
For nearly circular orbits passing through 15th-order 
resonance, the rate of change, of orbital inclination, i, is pro- 


portional to® (C,, sin ® — Sı; cos ®), where C; and ‘Sys are 
‘lumped’ 15th-order coefficients?’ and ® is the ‘resonance 
angle’ (written as ®,, in ref. 7), which becomes stationary at 
resonance. A computer program, THROE, has been de- 
veloped’ to fit the observed variation of 7 with a theoretical 
curve which includes not only the terms in sin ® and cos ®, 
but also terms in sin 2@, sin 3, and so on, and terms mn 
the eccentricity, e, if these are appreciable. 


The values Gi and Sa found from a particular orbit can be 


expressedas a linear sum of individual coefficients C ,and.$).4; 
of odd degree (/ = 15, 17, 19...). To determine these individual 
coefficients, values of Cis and S,, need to be found for orbits 
at a wide variety of inclinations. The first pair of values, deter- 
mined by Gooding’ were from analysis of Ariel 3 (1967-42A) 
at inclination 80°. In 1972 King-Hele utilised the orbits of three 
further resonant satellites® at inclinations of 51°, 62° and 74°, to 
evaluate the coefficients of order 15 and degree 15, 17,19 and 21. 
We have now been able to analyse the orbits of another eight 
resonant satellites, at inclinations of 31°, 33°, 38°, 51°, 54°, 
56°, 74° and 90°. From these and the previous orbits we have 

obtained values? for the I5th-order coefficients of degree 
15,17,19... 31. 


Figure 1 shows the fitting for one of the 11 satellites, Cosmos: 


395 rocket (1971-13B), which is in a circular orbit at 74° 
inclination: this satellite is fairly typical, both in the accuracy 
of the fitting and in the magnitude of the effect. The main 
resonance oscillation has an amplitude of about 0.015° and the 


theoretical curve fits well’, giving values of C,; and S; accurate 
to4%. 

From the 11 satellites we have derived 11 pairs of linear 
equations between the coefficients Cias and Sii (J = 15, 
17,19 .. .). To these equations we added a pair derived by 
Wagner and Klosko", and nine pairs of equations specifying 
constraints on the values of the coefficients given by Kaula’s 
rule-of-thumb® that the coefficient of degfee J is likely fo be of 
order 10- 7-2. These 21 pairs of equations were thén solved 
by least-squares, taking account of the correlations between 


Cx and S;5, to determine nine pairs of values of the individual 
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Fig. 1 Values of inclination at resonance of Cosmos 395 rocket 
(1971-13B), with fitted theoretical curve (——). Crosses, values 
from United States Navy orbits (s.d. taken as 0.003°); O, values 
determined at the Royal Aircraft Establishment from Hewitt 
camera, visualand United States Navy observations (s.d. shown 
as error bars); a, 15th-order resonance on March 24, 1972. 


coefficients of 15th-order, from degree 15 up to degree 31 
(Table 1). 

Table 1 shows that the numerical values of the C coefficients, 
of which seven out of nine exceed 10-8, are much larger than 
the S coefficients, of which only one exceeds 1078. In a sense 
this bias is a result of chance, because the choice of reference 
longitude for defining C and S (the Greenwich meridian) is 
arbitrary. The effect may, however, be geophysically significant, 
if the 15th-order S coefficients are small for all degrees. 


Table 1 Values of C).,; and Sits 


l 10°C; 5 10°%S;, 5 

I5 —21.5+40.9 —8.44-0.9 
17 4.44+1.6 9.0+1.5 
19 —15.642.6 —14.1 +2.7 
2l 10.4-+3.0 [Pe eee 
23 22.542.8 1244.4 
25 —0.94+4.7 =E 
27 —11.243.3 LIES: 
29 —20.5+ 5.4 =L tO] 
31 17.746.6 —1.0 47.1 


The last two S values (Table 1) are not significant, and their 
omission would reduce the standard deviation (s.d.) for the 
other values. They have to be included because of their corre- 
lations with the C values, but it is probable that the real errors 
in the S coefficients up to degree 27 are smaller than the given 
s.d. 

Another feature of interest (Table 1) is that the C values, 
though larger than the S values, are still mostly less than the 
values indicated by the rule-of-thumb 105 /-?. Thus, the con- 
straint equations used turn out to be quite weak, and the 
values of the individual coefficients are determined primarily by 
the 11 pairs of equations from the orbital analysis. 


Finally, the rather large values of Czs.ıs and Ca1.35 indicate 
that the evaluation ought to be carried to a higher degree. 
We hope to do this after observation of further satellites 
passing through 15th-order resonance and analysis of their 
orbits. There is a particular need for results at orbital inclina- 
tions between 40° and 50°, and between 64° and 73°. 

D. G. KInGc-HELE 
DorEEN M. C. WALKER 
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High resolution a spectrometry 


DEFICIENCIES in energy resolution have been an obstacle to the 
widespread application of dielectric track detectors'. The best 
resolution so far obtained covered a span of only 150 to 200 
keV (ref. 2). Now a procedure has been developed which uses 
the range differences obtained with a particles of diverse 
emission energies. This procedure provides a substantially 
improved energy resolution. 

The pits, which are etched on to the front of dielectric track 
detectors, are a result of primary ionisation, and the diameter of 
each pit therefore provides a measure of energy. Unfortunately, 
however, the properties of the material used and the etching 
conditions also influence the diameter of the pits. At the onset of 
etching, particles have an entrance energy that is higher than 
the threshold energy. The onset is not very well defined because, 
near the threshold, the rate of track etching, Vi, differs only 
slightly from the rate of volume etching, V», of the intact 
material. This explains the low growth of etch pits in the initial 
phase. If, however, detector sheets are etched from the rear the 
onset of etching is sharply defined because, as the particle 
trajectory is approached, the density of radiation damage 
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From the front,ig¢-— From the rear, hyw 
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Fig. 1 Two methods of energy determination. The track evolu- 
tion is shown as a function of the thickness of the removed sur- 
face: A, etching the frontside of a medium seMsitive detector 
such as cellulose acetate leads to a dependence of the etch pit 
growth from the particle energy used for energy detgrmination; 
B, etching the rear of a very sensitive detector perpendicularly 
irradiated with a particles of different energies results in a pit 
radius kinetic with a slope which is independent of the particle 
energy, in which the differences of the etch pit radii are equivalent 
to the range differences of the a particles. a, original surface; 


b, etched surface. - + 


Events per step 
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Fig. 2 Distribution of the etch pit diameters measured on the 

rear of a highly sensitive cellulose nitrate detector irradiated ‘with 

a particles of 24°Po (5.31 MeV) and of ThC (5.61, 5.77, 6.05 and 
6.09 MeV). a, 54 keV; b, 46 keV; c, 71 keV. . 


reaches a maximum. The radius of the etch pit produced then 
increases proportionally to the thickness of the surface removed 
from the rear (Fig. 1). 

A necessary precondition of this method is that the a particles 
come to rest in the detector sheet. For maximum resolution, the 
particles must enter the detector normal to its surface, a con- 
dition which can be easily realised. If irradiation occurs under 
2r geometry, only round etch pits with an accurate concentric 
configuration are evaluated. To obtain maximum energy 
resolution I have used very sensitive cellulose nitrate sheets®. 
In this detector even a particles create a very high track etch 
rate, so that immediately after the formation of an etch pit, the 


' radius, r, will increase at the same rate as the volume etch rate. 


Up to a diameter of 25 um no deviation from this relationship 
has been observed. Thus, we obtain the optimum condition 
Ar =A R that is, the difference in diameter of the etched 
tracks corresponds with twice the range difference, AR, of the 
a particles. With one-sided etching of the rear of the detector the 
particle range corresponds to the sum of the residual thickness 
and the etch pit radius. If the range — energy characteristic of the 
particles in the detector material is known, the energy of the 
particles can be determined. 

To demonstrate the high degree of energy resolution of the 
new method a detector sheet of 38 um was irradiated with a 
particles from a #!°Po source (5.31 MeV) and a ThC source 
(5.61 MeV), (1.1%), 5.77 MeV (1.8%), 6.05 MeV (68%) and 
6.09 MeV (27°) at a pressure of 5 x 10°? torr, with a distance 
of 50 mm between source and detector. The irradiated surface : 
had a diameter of 1.5 mm. The rear of the sheet was then etched, 
using 30% KOH at 60° C until the thickness was reduced to 
25.7 um. AH the emission energies from 5.31 to 6.09 MeV were 
thus obtained. 

The determination of energy was based on the microscopic 
measurements, at each peak, of the diameters of 500 etch pits. 
Figure 2 shows the diameter distribution. The step width of the 
diameter determination was 0.25 um. The full width at half 
maximum (FWHM) of the #°Po peak was 54 keV, and 
the FWHM of the asymmetric peak of ThC was 71 keV. 
The peaks were at the 6.05 and 6.09 MeV emission energies. 
The FWHM of the 0.65 major peak was 46 keV. At lower 
emission energies, a drop i in resolution caused by the increase in 
specific energy loss can be expected. 

Using*this method the energy resolution is influenced by the 
specific energy loss, the range straggling, the evenness of the 
sheet thickness, the etching process, and the microscopic ' 


Nature Vol. 249 June 21 1974 


measurement. Specific energy loss and range straggling depend 
on the energy of the particle: The evenness of the sheet thickness 
has to be better than + 0.2 um. Under the conditions described 
here the contribution of the etching process and the microscopic 
measurement amounts to 40 keV for the #°Po peak and 33 
keV for the ThC major peak. 
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Eocene echinoids and the Drake Passage 


AUSTRALIA and Antarctica separated about 50 million years 
(Myr) ago!. Echinoid populations indicate a warmer climate 
àt the time of separation than later. A model of oceanic 
circulation in the Southern Hemisphere, consistent with this 
observation, leads to a more precise dating of the opening 
of the Drake Passage between South America and 
Antarctica. 

The oldest echinoid fauna known from the opening 
seaway between Australia and Antarctica has been pre- 
served at several localities between Albany and Adelaide. 
The fauna is most abundant and best known in the Late 
Eocene Tortachilla Limestone, which outcrops along the 
eastern flank of the St Vincent Basin, south of Adelaide. 
Eighteen species of echinoids have been described from this 
formation of small lateral extent and a further five have yet 
to be described. The marsupiate echinoids, which are inter- 
mittently common in the Tertiary of southern Australia, 
are notably absent. Echinoids are also abundant a little 
further up the section at a Late Eocene horizon, low in the 
Port Willunga Beds. Less than 10 species are known at 
this level, and almost all are of genera different from those 
in the earlier Tortachilla. They include the earliest of the 
Australian marsupiate echinoids, the temnopleurid Para- 
doxechinus stellatis Philip and Foster. 

A similar situation exists on the opposite flank of the 
basin. There is a complete change in the echinoid fauna 
between the Muloowurtie Formation and the overlying 
Rogue Formation in which P. stellatis appears. 

By analogy with recent Antarctic brood-protecting 
echinoids, it has been inferred that the marsupium, deve- 
loped in the female of several species of Australian Tertiary. 
Tem7opleuridae, Clypeasteroida and Spatangoida, confers 
an advantage in colder water’. An unsatisfactory aspect of 
correlating the presence of marsupiate echinoids with cold 
water is that the earliest fauna of the discussed region 
contains no marsupiate echinoids—despite the fact that this 
fauna probably lived more than 20° further south than its 
present position. Marsupiate echinoids are, in fact, a con- 
spicuous component of the fauna during the journey of 
Australia towards the tropics. 

Frakes and Kemp* proposed a model of early Tertiary 
climates which may provide the answer. In the Eocene there 
was no circumpolar cold current in the Southern »Ocean 
‘because of the presence of a continuolis Andean—West 
Antarctic mountain chain. As Australia was far to the south 
of South-east Asia, ample room existed for the southern 
equatorial current of the Pacific to continue into the Indian 
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Ocean, sweep south and return, at least in part, through the 
new seaway which separated Australia from Antarctica. 
Because of the long time spent travelling through about 
200° of longitude in the tropics, the equatorial current, 
which left the coast of South America at about 19° C. 
began its southerly sweep into the Indian Ocean at about 
37° C. It was probably still above 20° C as it passed along 
the southern coast of Australia. A warm water echinoid 
fauna can therefore be expected. By the mid-Oligocene, the 
northward drift of Australia had restricted the flow of 
warm equatorial Pacific water into the Indian Ocean. More 
important, the breaching of the Andean—West Antarctic 
mountain barrier allowed a circumpolar cold current to 
replace the warm current in the widening seaway between 
Australia and Antarctica. The water temperature probably 
fell to well below 10° C. A changed echinoid fauna, includ- 
ing brood-protecting species, is consistent with fhis ‘model. 

Dalziel and Elliot estimate the opening of Drake Pas- 
sage, and thus the beginning of the circumpolar current, to 
have occurred between the latest Cretaceous (65 Myr) and 
about 25 Myr ago. 

The Tortachilla Limestone was deposited at the begin- 
ning of the Late Eocene, probably high in P15 in the 
planktonic foraminiferal zonation’. The Port Willunga 
Beds have been sampled and dated® especially to provide a 
time framework for the sequence of echinoids, and the 
horizon containing P. stellatis has been placed high in the 
Late Eocene, corresponding to P17. 

Using ages attributed to the planktonic foraminiferal 
datum planes as a guide, the event which caused the 
replacement of a warm water by a cold water echinoid 
fauna in the seaway between Australia and Antarctica can 
be dated at about 40 Myr—probably 41-36 Myr. This 
event was probably the inception of the mighty Antarctic 
circumpolar current, which began with the breaching of 
the Andean~West Antarctic Cordillera and the concomitant 
creation of the Drake Passage. Thus, there is indirect 
evidence which enables the separation of South America 
from Antarctica to be more precisely dated than before. 
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Closing of the Protocadic Ocean 
and intraplate basins 


THe presence of several long-lived, deeply subsiding basins, 
autogeosynclines!, such as those in Michigan, Illinois, 
North Kansas and Williston suggests that the North American 
craton or plate remained in a constant position relative to the 
underlying mantle during the Palaeozoic. 

In the Michigan Basin the Precambrian basement surface 
subsided about 4,000 m between the late Cambrian and the 
Devonian!*. Throughout this time, there was little deposition 
of terrigenous sediment and subsidence was largely independent 
of loading. With a few exceptions, the isopachs of many of 
thé series and stages within the basin are centred to the west 
and north of Saginaw Bay, a little to the north-east of the 
‘centre of the structural basin’. However, during the mid-Ordo- 
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vician there was more subsidence in the south-east?, than 
elsewhere and during the early Silurian, the subsidence was 
suppressed, and carbonate reef belts extended along the 
northern and southern margins of the basin®’. The rates of 
subsidence, relative to periods of deformation in the Taconian— 
Acadian orogenic belt to the east, are not known. Other 
intraplate basins subsided differentially over long periods of 
time, but not to such great depths. 

The subsidence of the Michigan Basin caused, or resulted in, 
the displacement of a great volume of crustal material. It is 
not known whether the Moho was depressed or even if it is 
still deeper than in surrounding areas. The origin of domes” 
can be attributed to the expansion of crustal rocks above 
rising convection currents which heat the base of the crust. 
The. formation of downward expanding convection cells is 
perplexing, but something like that occurred. The fact that 
the centre of subsidence was more or less fixed geographically 
seems to ¢ndicate that the crust did not move relative to the 
mantle under the North American plate. Therefore, the deep 
subsidence must have had a subcrustal cause. 

It is believed that the ocean on the eastern margin of the 
North American craton resulted from the separation of the 
European and North American plates. It is usually called the 
‘proto-Atlantic’ ocean, but I prefer to call it the Protacadic 
Ocean in reference to its closing during the Taconian—Cale- 
donian—Acadian orogenies?*?", It is not the progenitor of the 
present Atlantic, and the term ‘proto-Atlantic’ has been 
applied more logically to the opening of the present South 
Atlantic Ocean during the early Mesozoic. The Dunnage 
Melange in north-eastern Newfoundland formed in a subduction 
zone in which the oceanic plate passed beneath the North 
American plate to the north-west??"4, Island-arc volcanics 
are represented in the Summerford Group to the north®. 
South of the Dunnage fault-bounded block, the Campbellton 
sequence of mafic volcanic rocks, manganiferous chert and 
greywacke flysch may represent ocean fioor!®* and the better 
displayed Snooks Arm Group farther west has been attributed 
to oceanic crust?®!*. 

During the early Palaeozoic the European plate does not 
seem to have had any deep autogeosynclines like those in North 
America®’, The total subsidence of a trough through the middle 
of the European platform is only a tenth of that which occurred 
in the Michigan Basin over a similar time and there is no 
specific centre of sinking in this much larger area. 

It is suggested that the autogeosynclines in the North Ameri- 
can plate were linked to the underlying mantle, as is the case 
with modern plumes”!. Both the plate and the mantle retained 
a fixed geographical position for about 100 Myr during the 
early Palaeozoic. The European plate moved over the mantle 
toward the North American plate, closing the Protacadic 
Ocean. The North American palaeomagnetic pole position 
for the Ordovician is very close to the Upper Palaeozoic 
position, which supports this hypothesis; however, it moved 
to lower latitudes during the Silurian, if the records are 
correctly interpreted??. 
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Seismic refraction experiment on the 


Mid-Atlantic Ridge in the FAMOUS area 


WE report results from ocean bottom seismographs (OBS)! and 
sonobuoys, in which unreversed refraction lines have been 
shot along and across the median valley of the Mid-Atlantic 
Ridge. P-wave arrivals indicate a structure under the median 
valley with layer 2 overlying 7.3 km s7! mantle. Under the 
mountains on the ridge crest P and S arrivals suggest that layer 2 
overlies layer 3, which in turn overlies 7.3 km s~? mantle. 

There are still relatively few determinations of the seismic 
velocity structure under the Mid-Atlantic Ridge?‘ and only one 
has been reported® shot within the confines of the median 
valley. On geological grounds, Cann® has proposed the existence 
of a magma chamber situated at the top of a rising column of 
the asthenosphere at a depth of 3-4 km beneath the median 
valley. Francis and Porter! suggested that the postulated magma 
chamber could account for seismological results at 45° N. 
Seismologists’“* working with teleseismic data from earthquakes 
near the Ridge axis have reported a sharply bounded zone of 
low Q in the upper mantle beneath the axis, a ‘gap in the 
lithosphere’ across which S,, is not propagated. 

A straight, but narrow section of the median valley bounded 
by fracture zones was chosen for this work and three OBS were 
laid, 10 km apart. Two were in the median valley and one on 
the mountains on the ridge crest to the east (Fig. 1). The tape 
recorder in OBS! jammed, so no records were obtained from it. 
Three lines of near-surface shots were fired: A and B 
across the valley, perpendicular to the structure, and C along 
it. Line A (16 shots) was 37 km long, line B (16 shots) 36 km and 
line C (14 shots) 30 km. It was anticipated that the structure 
beneath the median valley would change near the fracture 
zones, SO care was taken not to extend line C as far as them. 
For line C two recording sonobuoys were laid one mile apart 
straddling the position of OBS1, and for lines A and B two were 
laid, also one mile apart, over OBS3. The buoys drifted less 
than one mile from the laying position and during the shots 
along line C they stayed over the median valley the whole time. 

Topographic correction is clearly necessary although a true 
scale section along lines A and B shows that the structure is not 
impossibly rugged. Arrivals have been corrected for a mean 
depth of 2.64 km (1,445 fathoms), assuming that the rock 
layering follows the sea floor. The times at the OBS and the 
sonobuoys have been corrected to the sea surface. 

The results obtained by fitting least-squares straight lines 
to the first arrivals on the time distance diagrams are shown in 
Table 1. The weighted means of the apparent velocities are 
4.91 + 0.12 (layer 2}, 6.64 + 0.08 (layer 3) and 7.26 + 0.06 
(‘mantle’). 

The data for both lines A and B from OBS3 and the sono- 
buoys fit together well when plotted on one time—distance 
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Fig. 1 Bathymetric chart showing the median valley, from 

an unpublished chart by J. D. Phillips, Woods Hole Oceano- 

graphic Institute. Contour interval 200 fathoms. Shaded 

areas are deeper than 1,500 fathoms. Dots, positions of 

OBSI, 2 and 3, stars, approximate positions of sonobuoys; 

Lines A, B and C, approximate track of ship during the 
firing of surface charges. 


diagram, and the velocities and intercepts for the combined . 


data for each line are within the limits of error of those obtained 
for the receivers treated separately. It is surprising that a similar 
statement applies to the sonobuoys and OBS2 for line C, con- 
sidering that the receivers were 10 km apart. This suggests that 
the gross structure is more level, planar and homogeneous than 
may have been expected. No more than two refractors were 
detected on any line and the velocity and intercept of the upper 
one is not well determined and may be variable. Paths which 
cross the median valley, line A into OBS3, line B into OBS2, 
and line C, all detect a velocity of 7.3 km s™ as the deepest 
refractor; paths which do not cross the median valley, line A 
into OBS2, and line B into OBS3, detect 6.6 km s~ as the 
deepest refractor. The structure under the median valley is 


shown in Table 2a; it corresponds very well with the axial - 


structure suggested by Le Pichon et a/.*. The fact that the layer 3 
velocity, 6.6 km s~4, was detected under the flanks of the 
Ridge, should be treated with caution because the lines were 
not reversed and lateral velocity changes are to be expected. 
The detection is, however, consistent with the work of Keen and 
Tramontini* who found evidence of the presence of layer 3 
within 20 km of the axis at 45° N. 


Table 1 P-wave arrivals 


Line Receiver Velocity* (kms) Intercept*(s)} WN 


C Sonobuoysand 5.17 + 0.51 3.72 + 0.13 11 
OBS2 7.19 + 0.09 4.37 + 0.03 24 

C Sonobuoys 4.21 + 0.46 3.35 + 0.21 5 
7.34 + 0.09 4.45 + 0.04 19 

A Sonobuoys and 5.09 + 0.39 3.60 +- 0.12 12 
OBS3 7.33 + 0.17 4.45 + 0.05 31 

B OBS2 7.42 + 0.21 4.68 + 0.10 12 
A OBS2 4.41 + 1.13 3.50 + 0.38 6 
6.75 + 0.26 4.12 + 0.11 6 

B Sonobuoys and 5.02 + 0.36 3.59 + 0.10 12 
OBS3 6.57 + 0.17 3.99 + 0.07 24 





2 
N is the number of points to which the line was fittef. Only the 
hydrophone traces from the OBS were used. 
* Intercepts and velocities are quoted with their standard errors. 
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Table 2 Structures 





Line ‘ Velocity (kms~1) Thickness (km) 

a C 1.5 2.64 
Sonobuoy and OBS2 [2.8] 0.58 
5.17 2.05 

7.19 
b A 1.5 2.64 
OBS2 [2.8] 0.35 
4.41 1.34 

6.75 
c B 1.5 2.64 
Sonobuoy and OBS 3 [2.8] 0.39 
5.02 1.20 

6.57 

Brackets enclose assumed velocities®. 


Whitmarsh concludes, from shots at almost the sane location 
as line C, that layer 3 is present at the ridge axis under the 
median valley’. This may be because the direct water wave 
arrival on his records has obscured the crossover between the 
5.2 km s™ and 7.2 km s lines, causing him to fit just one line 
to these two sets of points. If one line is fitted to the 35 points 
on our time—distance diagram we obtain a velocity of 6.5 + 0.12 
km s— and an intercept time of 4.06 + 0.04 s, which is similar 
to Whitmarsh’s result. 
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Fig. 2 Record from OBS2 of a shot on line B fired at a 
range of 36 km. 





Table 3 Shear-wave arrivals 


Line Receiver Velocity* (kms) Intercept* (s) N 
C OBS2 3.32 + 0.63 4.16 + 0.78 5 
À OBS3 3.96 + 0.19 5.03 + 0.31 8 
B PBS2 4.08 + 0.13 5.49 + 0.22 9 
A OBS2 4.03 + 0.12 5.03 + 0.13 7 
B OBS3 3.82 + 0.64 5.11 + 0.92 6 





N is the number of points to which the line was fitted. 
* Intercepts and velocities are quoted with their standard errors. 


A typical record of S waves is shown in Fig. 2. Arrivals are 
visible on both OBS2 and OBS3 for shots fired at ranges 
greater than 10 km. The results of fitting least-squares lines to 
the data are shown in Table 3. It can be seen that there are no 
significant differences between them. The weighted mean velo- 
city is 4.02 + 9.05 kms. Model calculations using the struc- 
tures suggested by the P-wave arrivals and assuming a Fal V: 
ratio of ~% indicate that the arrivals are consistent with waves 
transformed to a shear wave at the seafloor and propagated 
as a head wave in the 7.3 km s~ layer. There is no evidence for 
æ lower velocity on lines A into OBS2 and B into OBS3, on 


which the highest P-wave velocity was 6.7 km s~, which could 
9 
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suggest that the 7.3 km s7! layer underlies layer 3 there. Nor is 
there any evidence for a velocity of about 2.8 km s~, corres- 
ponding to shear waves propagating in layer 2. 

We thank T. J. G. Francis and I. T. Porter for the OBS 
records, R. B. Whitmarsh for constructive discussion and all 
those who helped aboard RRS Shackleton. 
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Clays and formation of deep-sea chert 


CHERT in the Pacific, Atlantic, Indian and Southern Oceans 
occurs both as nodules and as layers or lenses'. Associated 
sediments include carbonate, biogenous silica, brown clay 
and volcanic ash. Chert is usually found in Middle Eocene 
or older sediments; the actual time of chert formation is, 
however, not known. 

Biogenous opal is the principal source of silica for the 
formation of chert'*, Silica may also be produced by the 
alteration of volcanic detritus, resulting in the mineral 
assemblage smectite, zeolite and opal®**. A third possible 
source, not previously suggested in the literature, is the 
submarine diagenesis of clay minerals. Alteration of a 
smectite to hydrous mica or chlorite would release silica. 
The formation of secondary chert by the subaerial trans- 
formation of a ferric-rich smectite to kaolinite has been 
described by Altschuler eż al.’, and several studies have 
shown that hydrous mica (illite) and chlorite become 
dominant at the expense of other clay minerals with 
increasing age’. 

A 9-meter piston core (Scan 16P) taken from a depth of 
5,597 m, 16° 25’N 164° 24’W, containing a stiff, homogen- 
ous, brown zeolitic clay with a porcellanite layer at 436 cm, 
has been studied. The age of the sediment was determined 
from radiolaria to be Middle Eocene. Seismic profiles 
from the area show an upper, probably chert, reflector 
at 30-40 m. 

The brown clay has a sharp contact with the porcellanite 
layer and was identified by X-ray diffraction as smectite 
with minor hydrous mica. Using the X-ray diffraction opal 
classification of Jones and Segnit’, the radiolaria are 
opal-CT with quartz, and the porcellanite is opal-A and 
opal-CT. Optically, the quartz is chalcedony and forms 
internal moulds of radiolaria tests. 

Scanning electron microscope examinatioh revealed that 
the outer borders of the porcellanite layer have a botryoidal 
surface, composed of opal-A and radiating needles of 
opal-CT. Internally, the porcellanite layer is porous, mas- 
sive opal-CT, with clay rosettes within the pores (Figs 1 
and 2). ° 


* 
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Fig. 1 Rosettes of hydrous mica filling the pores in 
porcellanite (opal-CT). SEM photomicrograph. Scale bar, 
10 um. 


Using a transmission electron microscope, an electron 
diffraction pattern of a well crystallised clay particle was 
obtained. The d spacings of the clay were calculated from 
several diffraction patterns (4.46 (020,110), 3.30 (022,003), 
2.59 (200,131), 2.32 (201,132), 1.97 (005), 1.48 (060,331)+. 
0.05 A) and closely matched those of hydrous mica‘. 

Evidence which suggests that the mineral is a hydrous 
mica was also obtained with the electron microprobe. A 
traverse across a fracture surface of the porcellanite, 
measuring the presence and relative abundance of alumin- 
ium and potassium in the blue luminescent clay gave the 
results shown in Fig. 3, and the ratio of silicon to aluminium 
was measured as 1.2. No magnesium, and only a trace 
of iron, was detected in the clay. A sample of the smectite 
from the surrounding sediment was also analysed and had 
a substantially higher silicon to aluminium ratio of 3.4 
and a magnesium to iron ratio of 0.8. 

The dominant clay mineral in the surrounding sediment 
is a Magnesium—iron smectite and in the porcellanite layer 
it is a hydrous mica. This distribution, in conjunction with 
the evidence discussed, suggests a relationship between 





Fig. 2 SEM photomicrograph of porcellanite fracture 
surface and hydrous mica rosette. Scale bar, 2 pm. 
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the diagenetic reaction of smectite to hydrous mica and 
the formation of chert. The habit and distribution of, the 
hydrous mica in the porcellanite layer strongly suggest 
that it is authigenic, and its formation from a smectite 
would release large quantities of silica. A release of silica 
is‘ strongly indicated by the different silicon—aluminium 
ratio in the smectite and the authigenic hydrous mica. 
Aluminium is assumed to remain conserved during the 
reaction. 

The actual amount of silica released depends on the 
chemical composition of the smectite and hydrous mica. 
For example, it can be calculated that the stoichiometric 
transformation of 10 g of montmorillonite could produce 
6.4 g of hydrous mica and 3.3 g of quartz. These proportions 
do not, however, have to be represented within the same 
sedimentary layer. Assuming that all the silica released is 
precipitated, the amount of pelagic brown clay that would 
have to alter in the core can be calculated. The brown 
clay has an approximate porosity of 60%, and smectite 
composes 60% by weight of the solid phases, and the 
porcellanite layer has approximately 40% by volume 
opal-CT (density 2.4 g cm7*). If the smectite has the ideal 
montmorillonite composition and it all alters, a sediment 
layer 0.4 cm thick could produce the silica for a 0.1 cm 
_porcellanite layer. The important problems of why the 
porcellanite layer formed where it did and the mechanism 
and kinetics of the reaction are still being studied. Seawater 
is the most probable source of potassium. Based on a 60% 
porosity and on a conservative diffusion rate of 107? cm? s~} 
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Fig. 3 Relative abundances of aluminium and potassium 
from an electron microprobe traverse across a fracture 
surface similar to Fig. 2. 


all the potassium necessary to convert a montmorillonite 
layer of 0.4 cm into hydrous mica in the porcellanite layer, 
will be supplied in 20 yr. The high mobility of magnesium 
might account for the lack of a diagenetic phase rich in 
magnesium. Because of the low mobjlity of iron, the 
transformation of montmorillonite rich in iron fo hydrous 
mica poor in iron should result in a higher concentration of 
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studied core was, however, rich in iron oxide throughout, 
making it difficult to prove such an enrichment. 

The ‘proposed mechanism of chert formation could be 
further supported by measuring the O/O ratios of the 
coexisting hydrous mica and opal-CT. In addition, a separa- 
tion of the hydrous mica could be dated to give the actual 
time of formation of the porcellanite, assuming argon 
is retained in the structure. 
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BIOLOGICAL SCIENCES 


Terminal deoxynucleotidyltransferase 
in murine plasmocytomas 


Four different DNA polymerases have so far been described in 
animal cells. Two of them are present in all types of cells*5: 
the low molecular weight nuclear DNA polymerase, and the 
high molecular weight cytoplasmic DNA polymerase. The 
concentration of only the latter varies during the cell cycle, 
suggesting its involvement in DNA replication®. The two other 
DNA polymerases seem to exist only in certain cell types: the 
first, recently characterised’, seems to be directed by RNA, 
although differing from the oncornavirus reverse transcriptase’; 
the second is terminal deoxynucleotidyltransferase which does 
not exhibit the usual properties of DNA polymerases since it 
catalyses the polymerisation of deoxyribonucleotides in the 
absence of template by adding them randomly to the VOH 
end of oligo- or polydeoxyribonucleotides®:**, This last enzyme 
is tissue-specific: it exists only on the thymus of the different 
species tested®!, Recently the terminal transferase was also 
identified in Blood lymphoblasts of a child suffering from acute 
lymphobla8tic leukaemia?!?. 

In addition to the DNA polymerase activities already 
glescribed in murine plasmocytoma cells!*, we have found in the 
course of our studies** that these tumours also contain terminal 


iron oxide or hydroxide in the surrounding sediments. The e deoxynucleotidyltransferase. 
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Fig. 1 Phosphocellulose chromatography of DNA polymerase 
activities from murine plasmocytoma MOPC 173 extracts. 
Subcutaneous tumours (2 g) were washed repeatedly in phos- 
phate-buffered saline. After three cycles of freeze-thawing, they 
were homogenised by 10 strokes of a Teflon-glass motor-driven 
homogeniser in two volumes of TEM buffer (0.05 M Tris-HCl 
PH 7.9, 1I mM EDTA, 2.8 mM 2-mercaptoethanol). The homoge- 
nate was diluted in TEM buffer to 20 ml and Nonidet P40 was 
added (0.5% final). After slow mixing during 15 min at 0° C, 
the detergent-treated homogenate was centrifuged at 100,000g 
for 1 h. The pH of the supernatant was lowered to 5 by dropwise 
addition of | M acetic acid. The pH 5 precipitate was collected by 
centrifugation at 30,000g for 10 min, and redissolved in a minimal 
volume of TEMG buffer (TEM buffer containing 20% glycerol). 
The protein concentration of the pH 5 extract was adjusted to 
2mgml* and 10 ml were applied to a P11 phosphocellulose 
column (10 x 1.2 cm). After a 40 ml wash by TEMG buffer 
containing 500 ug ml bovine serum albumin (TEMG-BSA), the 
adsorbed proteins were eluted by an 80 ml gradient of 0-1 M 
KCl in TEMG-BSA, at a flow rate of 10 ml h™!. Fractions of 2 ml 
were collected, and assayed for DNA polymerase activities. DNA 
polymerase assays were performed with 25 ul of each fraction 
in a final volume of 100 ul for 1 h at 37° C. Depending on the 
template primer used, the incubation mixture contained: 
a, d(pT).-primed reaction: 5 umol of Tris-HCl (pH 7.4), 0.2 
umol of dithiothreitol, 0.08 umol of Mn?* (chloride), 0.3 Azs 
unit of d(pT) , (Collaborative Research) and 250 pmol of *H-dTTP 
(2,000 c.p.m. pmol"). b, Activated DNA-primed reaction: 5 pmol 
of Tris-HCI (pH 7.9), 0.2 umol of dithiothreitol, 1 umol of Mg?* 
(chloride), 0.2 Azs unit of activated calf thymus DNA® S5 nmol 
each of dATP, dGTP, dCTP and 200 pmol of *H-dTTP (4,000 
c.p.m. pmol"). c, rAn-dT,,-primed reaction : 5 umol of Tris-HCl] 
(PH 7.9), 0.2 pmol dithiothreitol, 0.1 pmol Min**(chloride), 
0.02 Azs unit of rAn-dT) (Boehringer) and 1 nmol of SH-dTTP 
(500 c.p.m. pmol"). d, rAn‘dTa-primed reactidh: as c, with 
0.025 unit of rAn-dTn (Miles) in place of rAn‘dTj§. The acid- 
precipitable material was collected by filtration on Millipore 
filters and the radioactivity was counted in a Nuclear Chicago 
scintillation spectrometer. Each panel represents the results of the 
assays of the fractions of the same column, using one of the above 
template primers. 
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We used three different murine plasmocytomas: MOPC 173 
and its two cell lines MF, and ME}*, TEPC 15" and MOPC 
315"; as control cells we used normal BALB/c mouse thymi, 
spleens from BALB/c nude mice, and L cells. The enzyme was 
detected using a method similar to that of McCaffrey et al.: 
the cell homogenate was treated by a nonionic detergent, 
centrifuged at 100,000 and the pH of the supernatant was 
lowered to 5. The precipitate was solubilised and fractionated by 
chromatography on a phosphocellulose column. The elution 
profile from MOPC 173 is presented in Fig. 1 and from TEPC 
15 in Fig. 2; MOPC 315 gave similar results. These profiles 
were obtained by assaying the protein fractions eluted from the 
column in conditions which discriminate between the different 
DNA polymerases by their ability to use specific template 
primers (Table 1). Plasmocytoma cells produce viral particles 
(type A and type C), and çontain reverse transcriptase. 





Table 1 Primer specificity of DNA polymerases from MOPC 173 
tumours 
DNA : C-type 
polymerases MOPC 173 tumour enzymes* particles 
N 


Template- V 

primers (0.28 M) (0.35 M) (0.55 M) 
rAn‘dTn 5:75 1-6 6-7 52 
(CH-dTTP) 
tAndTn 0-06 0-70 -0-02 0-00 
(CH-dATP) 
Tån'dTio 12-2 0-47 0-00 65 
@H-dTTP) 
dAn‘dTi9 0-02 1-42 7-20 0.00 
(CH-d TTP) l 
rCn'dGyo 4-60 0-45 0-00 50 
@H-dGTP) 


*Molarity of elution from phosphocellulose 

The assays were performed under the conditions described as in 
Fig. 1, with 20 ul of each phosphocellulose fraction. Incubations were 
at 37° C for 30 min. Type C particles were purified from the super- 
natant of MOPC 173 cells in culture by sucrose gradients as de- 
scribed; they were tested with “SO pg of virus proteins per assay. 
The 0-55 M phosphocellulose enzyme can use rAn‘dTj as template if 
the temperature is lowered to 30° C, but even under these conditions it 
cannot use rCu‘dGyp. 


For all the cells tested, the polymerases, when present, were 
eluted from the column as follows: viral reverse transcriptase 
(0.28-0.3 M KCI: ‘V’ enzyme) high molecular weight C poly- 
merase (0.35 M), terminal deoxynucleotidyltransferase (0.4 M: 
‘T’ enzyme) and low molecular weight N polymerase (0.55 M.) 
The chromatogram shows some overlapping mostly between 
the first two enzymes. The separation between the C enzyme and 
terminal transferase is not always as satisfactory as in Fig. 1. 
Good resolutions were obtained when the 0.45 M KCI1 eluate 
from the phosphocellulose column (after a 0.25 M wash), 
was filtered on Sephadex G-150, the elution volume of terminal 
transferase being consistent with a molecular weight of about 
30,000. 

The thymus cells gave the same elution profile for terminal 
transferase as did the MOPC 173 cells. The complete results 


cpm, incorporated 
JH-dAMP x 10> + 





Fraction No. 


Fig.2 Terminaldeoxynucleotidyl transferasein TEPC 15 plasmo- 
cytoma tumours. The experimental procedure was the same as for 
MOPE 173 tumours.(Fig. 1), with the exception of the fraction 
volumeg (1 ml) artd of the assay of the terminal transferase which 
was performed with. d(pT);, (Boehringer) and *H-dATP (250 
pmol 2,000 c.p.m. pmol). The arrows represent the fractions 
containing the other DNA polymerases (detected as in Fig. 1). 
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Table 2 DNA polymerases present in murine tissues 


Polymerases Reverse High Terminal- Low 
transcrip- molecular transferase molecular 
tase weight poly- T weight poly- 

Tissue Y merase C merase N 
L cells + F — a 
Athymic 

mouse 

spleen — -f — + 
Thymus — + + -f 
MOPC 173 

(tumours) + + + + 
MOPC 173 

(cells in 

culture) + + + -a 
TEPC 15 

(tumours) + + zg F 





Results were obtained by the method described in Fig. 1. Relative 
levels of activity are not shown. 


summarised in Table 2 show that the terminal transferase is 
present only in thymus and plasmocytoma celis. 

The properties of the terminal transferase extracted from 
plasmocytoma MOPC 173 are the same as those of the thymic 
enzyme: it uses different oligonucleotides as initiators (d(pT),, 
d(pT)15, d(pG), and d(pA),, were tested) and it polymerises 
separately each of the four deoxynucleoside triphosphates, with 
a better yield for dATP. A low self initiation takes place in the 
absence of initiator. Divalent cations are indispensable. 

Since plasmocytoma cells are generally considered to be B 
cells!®, the presence of terminal transferase in these tumours was 
unexpected. McCaffrey ef al.i* pointed out that the presence of 
this enzyme in leukaemic lymphoblasts would denote a thymic 
origin. But, neither in the McCaffrey’s description nor in our 


study, have thymus antigens been checked. In most plasmo-. 


cytomas, ð antigen is lacking!®, whereas B antigen is present 
(E. Stockert, personal communication). Thus, it would seem 
plausible to assume that plasmocytoma cells represent an 
intermediate stage of differentiation between B and T cells, as has 
been previously proposed for a thymoma cell line 1. Another 


hypothesis is that transformation by itself would have led to ` 


the derepression of terminal transferase. Further studies are 
needed before discussing these hypotheses in detail; work is in 
progress to check the complete set of antigens expressed on 
plasmocytoma cells; it would also be of interest to isolate the 
thymic cell population responsible for the terminal de- 
oxynucleotidyltransferase activity. 
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Interaction between the 
antibiotic tyrocidine and DNA in vitro 


Very little is known about the natural function of the 
peptide antibiotics. The production of antibiotics may be 
related to sporulation as only sporulating microorganisms 
produce antibiotics’. In general, the synthesis of antibiotics 
occurs within a limited time at the end of the logarithmic 
growth of cell cultures’, concurrent with a change in the 
specificity of transcription’. Loss, through mutation, of the 
ability to synthesise the antibiotic leads to asporogeny, in 
some cases’. Specific inhibitors and changes in culture con- 
ditions affect both the synthesis of antibiotic and sporula- 
tion’. Sarkar and Paulus’ demonstrated that the cyclic peptide 
antibiotic, tyrocidine, produced by Bacillus brevis (ATCC 


‘ 8185) effects RNA synthesis in vivo, whereas DNA synthesis 


continues. Moreover, these authors give evidence that tyro- 
cidine inhibited an in vitro RNA transcriptional system 
using B. brevis DNA and B. brevis DNA-dependent RNA 
polymerase. Complete inhibition of RNA synthesis with a 
tyrocidine concentration comparable to that in a B. brevis 
cell at the end of the vegetative growing phase was observed. 
A strong binding of the oligopeptide antibiotics, neotropsin 
and distamycin A, to double-stranded DNA, resulting in a 
pronounced heat stabilisation of the double-strands, has been 
reported®. Compared with pure DNA, these peptide-DNA 
complexes exhibit a low template activity’. 

In this report we describe experiments demonstrating that 
tyrocidine interacts in vitro with DNA. A complex formation 
between the initiation sites and tyrocidine is suggested as the 
mode of action. 

RNA polymerase was isolated from a logarithmic growing 
cell culture of B. brevis (ATCC 8185) according to the 
method of Burgess? except that the polymerase was eluted 
from DEAE cellulose by a linear KC1 gradient instead of 
stepwise. The enzyme, finally purified on a linear glycerol 
gradient, was tested for purity by polyacrylamide gel electro- 
phoresis. The enzyme was at least 90% pure. SDS gel electro- 
phoresis revealed three main components with molecular 
weights of about 45,000, 55,000 and 160,000, corresponding 
to the 2 as, o and #’B components of the polymerase res- 
pectively’. In addition there was an unknown component 
with a molecular weight of about 120,000 which has been 
already described by Sarkar and Paulus’. In contrast to the 
report of these authors, o was not released during glycerol 
gradient centrifugation. This polymerase transcribed both B. 
brevis DNA and calf thymus DNA. In both cases transcrip- 
tion was inhitfited proportionally by added tyrocidine. Com- 
plete inhibitibn was achieved when 20 pg tyrocidine was 
added to 2 250 ul transcription assay containing 7 ug B. 
brevis DNA, or when 25 pg tyrocidine was added to the 
same system containing 2 ug calf thymus DNA. The tyroci- 
dine concentration was thus similar to that which Sarkar and 


e Paulus’ found to be inhibitory in their transcription assay 
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Fig. 1 Effects of DNA and of RNA polymerase on trans- 
criptional system inhibited by tyrocidine. Transcription of 7 
eg B. brevis DNA was inhibited by tyrocidine to 87%. To 
this system increasing amounts of B. brevis DNA were added 
(x—x). In parallel transcription was inhibited to 100% 
and increasing amounts of RNA polymerase were added 
(O—®@) Transcription of 2 ug calf thymus DNA was in- 
hibited by tyrocidine to 100%. To this system increasing 
amounts of calf thymus DNA (x —— x) or RNA poly- 
merase (O—O) were added. Polymerase was isolated from 
cells grown in a rich medium (5 g peptone, 1.5 g yeast 
extract, 1.5 g beef extract, 3.5 g NaCl, 3.7 g K,aHPO,, 1.3 g 
KH2PO,, 1.0 glucose in 1,000 ml of water) and collected 
during exponential growth. Polymerase was purified accord- 
ing to Burgess® including the glycerol gradient step. The 
enzyme contained the o subunit and was completely depen- 
dent on DNA. An incorporation of 16.3 pmol of UMP into 
RNA in the presence of 3.5 ug B. brevis DNA was catalysed 
by I wg of RNA polymerase within 30 min. B. brevis DNA 
was purified by treating cells with lysozyme (10 zg mi7?) for 
5 min at 37°C followed by SDS treatment (0.2% sodium 
dodecyl sulphate in 0.1 M EDTA, 0.4 M NaCl, pH 7.8) at 
room temperature for 15 min. Protein was removed by 
phenol extraction. RNA was digested by RNase treatment 
(SO ug ml~*) for 90 min followed by pronase treatment (100 
peg mi’) for 180 min. Pronase was removed by phenol ex- 
traction. The DNA was finally purified by CsCl density 
centrifugation. Calf thymus DNA (Serva) was used without 
further purification. Transcription assays were carried out at 
37° C for 30 min in the presence of 0.03 M Tris-HCl, pH 
7.9, 0.15 M KCI, 0.005 M MgCh, 0.1 mM EDTA, 0.001 M 
2-mercaptoethanol, 0.02 M each of ATP, GTP and CTP and 
0.5 pC *H-UTP (52 Ci mmol). For each atsay (250 yl) 
6 pg polymerase and 7 pg B. brevis DNA ar 2 pug calf 
thymus DNA were used. Tyrocidine (Serva) was dissolved in 
methanol (2 mg mi~’) and added to the assays. Transcription 
was terminated by adding cold trichloroacetic acid to a final 
concentration of 7%. The precipitates were collected on glass 


fibre filters (Whatman GF/C), washed with trichloroacetic * 


acid and ethanol, dried and counted in a Nuclear Chicago 
liquid scintillation counter. 
d 
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and was comparable te that in a B. brevis cell during the 
late logarithmic phase. The solvent used for tyrocidine, 
methanol, had a slightly stimulatory effect on RNA syn- 
thesis. Therefore the inhibition was not due to the solvent. 
When B. brevis polymerase was replaced by Escherichia coli 
RNA polymerase a comparable inhibition was obtained. 
Thus tyrocidine does not act only on the homologous DNA 
or on the homologous polymerase. 

When increasing amounts of DNA were added to.an in- 
hibited transcription system, transcription could be restarted. 
In contrast, RNA polymerase did not affect an inhibited 
transcription system. This was the case for B. brevis DNA 
as well as for calf thymus DNA (Fig. 1). It is therefore 
likely that tyrocidine acts on DNA which is no longer 
accessible to the polymerase and that the polymerase is not 
affected by tyrocidine. 

In the experiments described above, DNA was first mixed 
with tyrocidine, and the reaction started by the addition of 
polymerase. In other experiments transcription was allowed 
to proceed for some time before the addition of tyrocidine. 
In this case significant transcription ensued for a certain 
time after the addition of tyrocidine and was only later 
slowed down or stopped. A possible interpretation of this 
phenomenon, which was true for the B. brevis as well as for 
the calf thymus system, could be as follows: once trans- 
cription has started the transcribing polymerase cannot be 
stopped by tyrocidine. After terminating, however, no new 
initiation can occur because the initiation sites are blocked 
by the antibiotic. Following this interpretation, the target of 
tyrocidine would be the initiation of the transcription 
process. 

To prove the hypothesis that tyrocidine interacts with 
DNA, complex formation has to be demonstrated. Sepha- 
dex G--25 gel filtration could not be used because tyrocidine 
adsorbs to the gel due to its high tryptophan content. A 
DNA-tyrocidine complex was detected by glycerol gradient 
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Fig. 2 Complex formation between B. brevis 7H-DNA and 
tyrocidine (O—O) assayed by glycerol gradient centrifuga- 
tion. “H-DNA was isolated from B. brevis cultures which 
have been incubated with 1 aC *H-adenine (specific activity 
21 Ci mmol) per ml for several generations. Cells were 
broken and DNA purified as described in Fig. 1 except that 
the CsCl-purification step was omitted. The specific radio- 
activity of the DNA was 3,100 c.p.m. ag~. A mixture of 
20 ug *H-DNA and 20 yg tyrocidine in 0.01 M Tris-HCl pH 
7.8. 0.005 M MgCh, 0.01 M KCI was incubated for 10 min 
at 25° C. The complex was then layered on to a 14 ml 
10-30% (v/v) glycerol gradient in buffer as above and centri- 
fuged in a SW 27.1 fotor (Beckman, Spinco Ultracentrifuge) 
at 25° @ for 12 h at 26,000 r.p.m. At the end of the run the 
gradient was fractionated, the DNA precipitated by trichloro- 
acetic acid, and the radioactivity estimated. DNA without 
tyrocidine (@ —@) was run on a parallel gradient as a marker. 
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Fig. 3 Complex formation between B. brevis DNA and 
tyrocidine, assayed by the filter binding technique of Riggs 
et al. *H-DNA was isolated from B. brevis cultures which 
had been incubated with 1 wC *H-adenine (specific activity 
2! Ci mmol-’) for several generations. In total volumes of 
250 pl, 1.98 wg *H-DNA were incubated with increasing 
amounts of tyrocidine for 10 min at room temperature in a 
buffer containing 0.01 M Tris, pH 7.8, 0.01 M magnesium 
acetate, 0.01 M KCI, 0.0001 M EDTA, 5% dimethylsulph- 
oxide and 50 ug bovine serum albumin ml~'. The mixture was 
then filtered slowly through a nitrocellulose filter (MF 100, 
Schleicher and Schiill) and was washed once with 0.8 ml of 
the same buffer but without albumin. The filter was dried 
and counted in a liquid scintillation counter. Under the 
conditions described, only 2-4% of the DNA was held back 
on the filter in the absence of tyrocidine. 


centrifugation. *“H-labelled B. brevis DNA was incubated 
with tyrocidine at a concentration of 80 ug ml~* and centri- 
fuged through a glycerol gradient. The majority of the DNA 
incubated with tyrocidine sedimented more rapidly than the 
marker DNA (Fig. 2), demonstrating complex formation. At 
a concentration of 160 wg tyrocidine ml~*’, most of the DNA 
was found to be on the bottom, whereas at a concentration 
of 40 ug tyrocidine ml~*, most of the DNA moved in the 
position of the marker DNA. 

Another way to demonstrate DNA-tyrocidine complex 
formation is the nitrocellulose filtration method of Riggs and 
Bourgeois’. In this system double stranded DNA does not 
adsorb to the nitrocellulose filter. When a complex is formed 
between DNA and a peptide or protein, the DNA complex 
is retained on the filter. In these experiments “H-labelled 
B. brevis DNA was used. The amount of retained *“H-DNA 
is a measure of the complex formed. Without tyrocidine only 
about 2-4% of the DNA was bound by the nitrocellulose 
filter. Figure 3 illustrates the complex formation at a constant 
"H-DNA concentration with increasing amounts of tyro- 
cidine. 

We tested the stability of the complex. To a complex of 
labelled DNA and tyrocidine, a 50-fold excess of cold B. 
brevis DNA was added and incubated for 1 h. At various 
times samples were withdrawn and filtered through nitro- 
cellulose filters. It was found that 50% of the complex was 
broken down within 5 min, whereas the rest of the complex 
was almost completely stable for 1 h. It might be that about 
50% of the initial complex detected on filters was a non- 
specific complex and was easily broken down. The remaining 
50% stable complex might indicate a specific complex 
formation. 

We conclude from our experiments that there is a complex 
formation between DNA and the antibiotic tyrocidine in 
vitro. Taking into account the observations from other 
laboratories, Our results suggest that tyrocidine acts’ in vivo 
at the level of transcription by inhibiting the forfoation of 
polymerase-DNA complexes. This might reflect a control 
mechanism during the transition from the vegetative to the 
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e 
sporulating cell, when many of the genes active during 
vegetative growth are switched off. Yoshida et al.” came to 
similar conclusions working with a different system. They 
found that vegetative cell cultures of Streptomyces anti- 
bioticus, which produces actinomycin D, are sensitive to 
actinomycin D. But the cells are insensitive to the compound 
during the transition of vegetative growth to sporulation. It 
is not yet known how genes are transcribed in late log- 
arithmic or stationary cells which contain a high concentra- 
tion of tyrocidine or actinomycin D. Experiments investigat- 
ing the behaviour of RNA polymerase from sporulating cells 
in the presence of tyrocidine are in progress. 
The final evidence for a regulatory role of the peptide 
antibiotic has to come from DNA-tyrocidine complexes 
isolated from cells and exhibiting a qualitatively different 
template activity compared with the template from vegetative 
cells. oe fe 
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Activation of a C-type virus from the 
human carcinoma cell line 
HBT-3 by iododeoxyuridine and testosterone 


We report the activation of a C-type virus from the 
human carcinoma cell line, HBT-3, with iododeoxyuridine 
following a testosterone-induced cellular morphology change. 
We feel that this method will prove useful in activating en- 
dogenous C-type virus. Studies are in progress to further 
characterise the virus and determine the species of origin. 

The human breast tumour cell line, HBT-3, has been described 
in some detail. These cells have been maintained 
continuously as non-contact-inhibited epithelial cells (HBT- 
3Ep, Fig. la). The cells have a high cloning efficiency and an 
abnormal karyotype with three marker chromosomes. A DNA 
polymerase restmbling the polymerase of RNA tumour viruses 
has been detected in this cell line®. No virus particles have been 
detected hdwever by electron microscopy (EM) or in tissue 
culture supernatants banded on sucrose gradients (personal 
communication from R. Bassin). 

The induction of mammary carcinomas in the mouse results 


e from an interaction between the murine mammary tumour virus 
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Fig.1 Phase contrast microscopy of HBT-3 cells in cell culture. 
a, HBT-3Ep cells (x 286); b, HBT-3 cells after prolonged culti- 
vation with medium containing 5 pg ml? testosterone acetate 
(x286). Both cell types were grown at 37° C in 75 cm? plastic 
flasks (Falcon) utilising RPMI-1640 medium containing 15% 
v/v heat-inactivated foetal calf serum (Gibco), penicillin 
(100 ug ml!) and streptomycin (10 ug ml“). Weekly cell 
passages were made using 0.25% trypsin. 


(MuMTV), the genetic susceptibility of the host and the hor- 
monal environment®*?, Although murine mammary carcinoma 
has been studied extensively, other mammalian systems are less 
well characterised. Viruses with C-type morphology have been 
detected by EM in mammary carcinomas of the rat®, cat® and 
rhesus monkey", EM examination of human breast cancer 
biopsies has on occasion revealed virus-like particles! !, but 
virus has not been detected in human breast cancer cell linest 16-8, 
The RNA-dependent DNA polymerase (RDP) assay or the more 
rigorous ‘simultaneous detection’ of 60S-70S RNA have been 
used to detect oncornavirus-like properties in some human milk 
samples’, Keydar et al. have found particulates with similar 
properties banding at a density of 1.17 g ml“ in the supernatant 
fluids of human embryonic cells cocultivated with human breast 
cancer cells or treated with milk from breast cancer patients 
known to contain 60S—-70S RNA and RDP activity”. RNA 
tumour virus expression in cell culture has been activated or 
enhanced by growing cells in the presence of halogenated 
pyrimidines, particularly iododeoxyuridine ([UdR) and bro- 
modeoxyuridine*!"*3, McGrath* has shown MuMTYV release 
concurrent with hormone-induced cellular $rganisation in 
cultured BALB/cfC,H mammary’ tumour cefls. Moreover, 
IUdR rescue of C-type virus from mouse fibroblast8 is markedly 
stimulated by the presence of adrenal glucocorticosteroids*‘. 
We now report that a C-type RNA virus can be activated by 
IUdR from HBT-3 cells following a testosterone induced 


morphological alteration. ° 
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HBT-3 cells were obtained from Dr Robert Bassin (NCI) at 
passage level 28. A single clone derived from this cell culture 
was used for all subsequent studies. Cells grown in the presence 
and absence of 5 ug ml” testosterone acetate (Sigma) were 
observed frequently with a phase contrast microscope. After 8 
weeks of continuous cultivation with testosterone, contact- 
inhibited spindle-shaped cells (HBT-3S) began to appear (Fig. 
15). Within 4 d these cells comprised 90% of the population and 
on subsequent passage no epithelial cells could be discerned by 
light microscopy. Karyotyping of the spindle-shaped cells 
revealed two of the original chromosome markers (personal 
communication from C. S. Stulberg). The lack of any signifi- 
cant change in cell numbers or cell doubling time indicates that 
the HBT-3Ep cells were morphologically changed to HBT-3S 
cells. If testosterone is removed within 2 weeks after this change 
the HBT-3S cells revert to the HBT-3Ep form, taking 2-3 weeks 
for reversal to occur. The change is not reversible, however, if 
testosterone is removed later than 2 weeks after the HBT-3S 
cells appear. These cells have been maintained in culture for up 


Fig.2 Virus particles activated from HBT-3S with testosterone 
acetate and IUdR. a, C-type virus budding from cell membrane. 
The marker represents 100 nm. After L[UdR-testosterone acti- 
vation, cells were fixed in 2.5% glutaraldehyde, postfixed in 1% 
osmium tetroxide, dehydrated and embedded in Epon®®. Thin 
sections cut onan LKB Ultratome were stained with 2% aqueous 
uranyl acetate and lead citrate?’ and examined with a Phillips 
300 electron microscope. b and c, Extracellular C-type virus. 
The marker represents 100 nm. d, Negatively stained prepara- 
tion of virus using phosphotungstic acid (PTA). Virus containing 
fluid collected from I[UdR-testosterone-activated cells was 
centrifuged at 4,000 r.p.m. for 15 min and the supernatant 
subjected to centrifugation at 95,000g for 60 min. The resultant 
pellet’ was suspended in 0.5 ml of 0.05 M sodium citrate and 
mixed ¢:3 with 2% PTA and examined by EM on formvar- 
carbon coated grids. The marker represents 100 nm. e, Nega- 
tively stained virus from 1.15 g ml? band of isopycnic sucrose 
density gradient (see Fig. 3b). The marker represents 100 nm. 
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Fig.3 RNA-dependent DNA polymerase activity and density 
of HBT-3S IUdR rescued virus and sedimentation rate of its 
associated RNA. a, RDP activity of virus banded in an isopycnic 
density gradient. lUdR-treated HBT-35 cultures were incubated 
for 72 h with 100 pg ml? IUdR. The collected culture fluids were 
clarified at 10,000g for 10 min. The clarified medium was then 
centrifuged at 80,000g for 60 min. The pellet from this centrifuga- 
tion was resuspended in phosphate buffered saline, layered 
over a 10-65% linear sucrose gradient in a Beckman SW-40 
rotor and centrifuged for 4 h at 200,000g. Sedimentation is from 
right to left. The indicated fractions were diluted to 5 ml with 
cold growth medium and centrifuged at 80,000¢ for 60 min ina 
Beckman No. 30 rotor. The tube was drained, 120 ul of a deter- 
gent solution was added and two 50 ul aliquots were added 
immediately to 50 ul reaction mixtures, with (+) and without 
(—) added polyriboadenylic-oligodeoxythymidylic acid (poly 
(rA):poly (dT)i2-18)) template. The final reaction in 0.1 ml 
contained 0.016% Nonidet P-40 (Shell Chemical Co.), 30°mM 
tris-hydroxymethylaminomethane (Tris) hydrochloride (pH 8.5), 
50 mM dithiothreitol (DTT), 0.5 mM manganese acetate, 30mM 
sodium chloride, (+) 0.10 Aggo units poly (rA)-poly (dT) 42-15), 
1.0 M thymidine triphosphate (TTP) methyl-*-H (55 Ci 
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to 3 months. In repeated EM examination no virus was detected 


in either thin section of cells or in negatively stained prepara- 
tions of cell-free supernatants in the HBT-3Ep or the HBT-3S 
cells. Moreover, no significant levels of RDP were detected in 
the cell-free supernatant of either cell type (Table 1). To deter- 
mine whether virus expression in either cell type could be 
induced by JUdR, HBT-3Ep and HBT-3S cells were exposed for 
3 d to medium containing IUdR (P-L Biochemicals) at a 
concentration of 100 pg ml* (ref. 25). After [UdR treatment only 
the HBT-3S cells produced C-type virus detectable by both 
RDP assay (Table 1) and EM (Fig. 2). 

The virus is typically 85-100 nm in external diameter with a 
40—58 nm core (Fig. 2). It is found extracellularly and budding 
from the cell membrane in a characteristic C-type formation (Fig. 
2a, band c). It does not resemble MuMTV® which has A and 
B-type particles or the Mason—Pfizer monkey virus (MPMY)*® 
which buds as a B-type virus. Phosphotungstic acid PTA) 
negatively stained preparations reveal tailed C-type particles 
without surface spikes with occasional blebs on the tails (Fig. 
2d and e). 





Table 1 RNA-dependent DNA polymerase activity of HBT-3Ep 
and HBT-3S cells treated with JUdR and testosterone 
HBT-3Ep HBT-3S* 


Control 96 152 
IUdRT 120 18,190 





RDP activity is expressed in c.p.m. For details of assay see legend 
to Fig. 3a. 

*HBT-3S cells were derived from HBT-3Ep cells by testosterone as 
described in the text. Testosterone was maintained in the culture 
medium for 6 weeks after the appearance of the HBT-3S cells at which 
time they were used in this study. 

tlododeoxyuridine, 100 ug m> of medium for 3 d. 


RDP analysis of supernatants of the [UdR-induced HBT-3S 
cells banded in sucrose reveals a single peak of maximum 
activity at a density of 1.13 to 1.15 g ml? (Fig. 3a). When 
HBT-3S cells are isotopically labelled with *H-uridine during 
IUdR induction, a band of labelled virus is obtained at a den- 
sity of 1.15 g ml (Figs. 2e and 3b). RNA extracted from this 
band by the phenol method and sedimented on a sucrose gradi- 
ent reveals both 70S and 28-30S *H-uridine labelled regions 
unique to C-type viruses (Fig. 3c). Thus, the biochemical and 
morphological characterisation identify this as a C-type virus. 


mmol?) and was incubated for 30 min. at 37° C. 
Trichloracetic acid (TCA) precipitable material was 
counted on membrane filters (Schieicher and Schuell) in a 
Packard model 3375 scintillation spectrometer. The data are 
corrected for (—) poly(rA)-poly(dT)i2-18) (< 200 c.p.m.). b, 
Isopycnic sucrose density gradient centrifugation of *H-uridine 
labelled virus from [UdR-activated HBT-3S cells. Conditions 
were as in (a) except that *H-uridine (50 Ci ml) was added 
simultaneously during IUdR induction and 25 ul aliquots were 
counted. Sedimentation is from right to left. c, Sucrose gradient 
sedimentation of RNA extracted from 1.15 g ml“ °H-uridine 
labelled virus. Fractions between 1.136 and 1.165 g ml” (from 
b, above) were pooled and diluted to 25 ml with TNE buffer 
(0.01 M Tris, pH 7.5, 0.1M NaCl, and 0.001 M EDTA). The 
pool was centrifuged for 60 min at 80,000¢ and the virus pellet 
was resuspended in 200 ul of a solution containing 0.25M Tris, 
pH 7.5, 0.05M EDTA, 2.5% sodium lauroyl sarcosinate, 6% 
sodium dodecyl sulphate (SDS), 2.5 mM magnesium chloride 
and 0.1 mM ealcium chloride. An equal volume of TNE 
buffer-saturated phenol was added. The suspension was vortexed 
and 2.5 volymes of ethanol (—-20° C) were added to the aqueous 
phase. The precipitate was solubilised in 400 pl of TNE buffer 
(0.1% SDS) and sedimented through a linear sucrose gradient 
(10-30% w/v sucrose in TNE plus 0.1% SDS) for 3.5 h at 
200,000g in a Beckman SW-40 rotor. Sedimentation is from left 
to right. Each fraction was combined with 100 pg yeast 
e carrier RNA, precipitated onto TCA filters and counted as above. 
@ 
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Preliminary immunological evaluation of the virus by means 
of indirect immunofluorescence studies of the IUdR-treated 
cells reveals a lack of activity with antisera to rat (R-35), 
murine (Rauscher), feline (feline leukaemia and RD114) and 
primate (woolly monkey, MPMV, and gibbon ape) viruses. 
Repeated attempts to cultivate this virus in human and other 
mammalian cells have not been successful nor does this virus 


have an observable effect on HBT-3Ep or HBT-3S cells. . 


Intraperitoneal and subcutaneous inoculations of BALB/c 
mice with 10? virus particles have not revealed pathological 
characteristics for up to 4 months after inoculation. 

The requirement for testosterone as a prerequisite to viral 
activation suggests that it, together with IUdR, has a de- 


repressing function on the viral genetic information within , 


HBT-3S cells. However, demonstration of antigenic determin- 
ants and nucleic acid homology to human cancer cells remain to 
be completed before any definitive statement regarding virus 
origin can be made. Moreover, the role of this virus, if any, in 
the aetiology of human cancer remains to be fully elucidated. 


We thank Drs Robert Bassin, C. S. Stulberg, Angelo Andrese, ° 


and Robert Manaker for advice, Miss Mary Jane Madden for 
technical assistance and Mr Donald Stoderl for photography. 

Note added in proof: The presence of chromosomes in 
HBT-3 cells characteristic of HeLa has been reported”. 
Although the origin of the HBT-3 cells is uncertain, we have 
established that testosterone and iododeoxyuridine may be 
used to activate a C-type virus from them and may be a 
useful technique for virus activation in other cell systems. 
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Hepatitis B-specific DNA polymerase 
activity during post-transfusion hepatitis 


Hepatitis B antigen (HBAg, Australia antigen) has been 
associated definitively with long incubation human hepa- 
titis'-*, It appears before the onset of acute illness** and 
decreases during convalescence, with the concomitant deve- 
lopment of anti-HBAg®. In addition to this classical course 
of the disease, the discovery of HBAg has revealed sub- 
clinical infections, as demonstrated by seroconversion to 
HBAg (ref. 6), and the carrier state, where antigen is present 
in blood for long periods with either chronic hepatitis or no 
apparent disease’. Levels of HBAg in blood seem unrelated 
to the severity of disease, for carriers who generally have 
high titres of circulating antigen, in most cases, show slight 
if any liver damage®’. 

Several structures found in plasma carry HBAg deter- 
minants!’-" including 43 nm spherical particles with 27 nm 
electron dense cores first described by Dane et al.. DNA 
polymerase activity is associated with the core of a sub- 
population of Dane particles in apparently normal carriers". 
We have now found polymerase-containing particles in blood 
during acute infection. 

We collected serial plasma samples from multiply trans- 
fused patients at frequent intervals after surgery, and 
analysed them for HBAg by a solid phase radioimmuno- 
assay’, for anti-HBAg by passive haemagglutination” and 
for serum glutamic-pyruvic transaminase (SGPT)®. Some 
samples had been stored at —20° C for up to 3 yr. 

Undiluted plasma (25 ul) was used to detect DNA poly- 
merase activity by the procedures described before®. When 
polymerase activity was detected, we investigated whether it 
was HBAg-specific. Test samples (SO ul) were mixed with 
15 al of either guinea pig anti-HBAg (ay) (NIAID Research 
Resource Reagent V802-50I1-558) or normal guinea pig 
serum, and incubated at 37° C for 60 min. Rabbit anti- 
guinea pig IgG (50 ul) was then added and followed by 
incubation at 37° C for a further 60 min. The preparation 
was then centrifuged at 1,300g for 15 min and 50 ul of 
supernatant was removed and assayed for polymerase 
activity. Polymerase was considered to be specific if anti- 
serum directed against HBAg removed activity from the 
supernatant while normal serum had no effect. 

In the first experiment coded specimens from three patients 
were tested for the presence of DNA polymerase activity. In 
a patient who received nineteen 500 ml units of whole blood 
during open-heart surgery (one of which was positive for 
HBAg by radioimmunoassay but negative by counterimmu- 
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Fig. 1 eA case of post-transfusion HBAg-positive hepatitis. 


Serial plasma samples were tested for HBAg-specific DNA 
polymerase. (O); HBAg by radioimmunoassay (A); and 
SGPT levels (@). 
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noelectrophoresis) and who subsequently developed post- 
transfusion type B hepatitis, the first sign of infection: was 
detection of HBAg at day 25 (Fig. 1). Fourteen days later 
DNA polymerase activity could be detected in unconcen- 
trated serum. Using ten-fold concentrates prepared as des- 
cribed before", DNA polymerase could be detected 7 d after 
the appearance of HBAg (day 32). Polymerase activity 
reached a peak on day 46, after which it decreased rapidly. 
The level of HBAg-specific. polymerase was low when the 
peak titre of HBAg was observed (day 58), and was no 
longer detectable when the peak SGPT was reached (day 72). 

Figure 24 shows the pattern observed with a patient who 
received HBAg-negative blood units and appeared normal 
throughout the study. Serum transaminase levels in this 
patient were never increased and no HBAg was demon- 
strated by radioimmunoassay. DNA polymerase activity 
was not detected in serial samples obtained during the 
6 months following transfusion. Figure 2B shows the pattern 
for a patient who developed post-transfusion HBAg-negative 
hepatitis. Transaminase levels were normal until day 37, 
when they increased, reaching a maximum of 1,200 on 
day 44. Throughout the disease no serial samples had 
detectable DNA polymerase activity. 


Table 1 Presence of HBAg-specific polymerase in multiply 
transfused surgical patients `“ 


Group SGPT* HBAgT No. positivet/No. tested 
1 +- + 7/9 
2 -+- 0 0/1 
3 0 0 0/4 


* Increased to > 100 U ml™?. 

+ Greater than 2.1 times the mean of negative controls by a solid 
phase radioimmunoassay. 

t Tested for specificity by immunoprecipitation. 


Serial samples from a number of multiply transfused 
patients were tested under code for polymerase activity and 
the results obtained, as well as those for the three cases 
previously described, are summarised in Table 1. Seven of 
the nine patients who developed post-transfusion hepatitis B 
as indicated by the presence of HBAg and elevated SGPT 
(group 1) had detectable HBAg-specific DNA polymerase 
activity in their plasma during acute infection. In all cases 
this preceded signs of liver damage as measured by elevated 
SGPT levels, and appeared slightly after HBAg was first 
detected. Polymerase activity was not found in the plasma 
of a patient with HBAg-negative post-transfusion hepatitis 
(group 2, Fig. 2B) nor in four control individuals (group 3). 
No individual in groups 2 and 3 developed antibody against 
HBAg. One of the four controls showed polymerase activity, 
however this activity could not be precipitated with specific 
antibody and was therefore not considered positive. One of 
the two individuals with HBAg-positive post-transfusion 
hepatitis who was considered negative for DNA polymerase 
also showed this non-specific polymerase activity. 

These results show that in most cases HBAg-specific DNA 
polymerase activity can be detected in plasma from acutely 
infected individuals. Peak levels of activity detected were 
higher than those found in the plasma of most carriers 
(unpublished results), The transient nature of enzyme- 
containing Dane particles in the blood, and the time at 
which the peak activity was found resembles the viraemias 
associated with other viral diseases®**. These data support 
the hypothesis that the Dane particle is the virus of 
hepatitis B. 

Virus-induced liver damage was not responsible for the 
presence of the DNA polymerase activity for several 
reasons. First, activity appeared before liver damage; second, 
in post-transfusion HBAg-negative hepatitis, where levels of 
SGPT were increased (Fig 2B), no polymerase activity was 
detected; and third, the enzymatic activity was associated 
with an antigenic particle, for highly specific anti-HBAg 
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Fig. 2 Two multiply transfused surgical patients, one who 
showed no clinical disease and was HBAg-negative 
throughout the course of the study (4), and one who 
developed post-transfusion HBAg-negative hepatitis (B). 


Serial plasma samples were tested for DNA pelymerase 
activity (O) and SGPT levels (D). a 


precipitated the activity. 

Clearly, the radioimmunoassay detects HBAg before the 
demonstration of DNA polymerase activity, but it detects 
all antigenic structures in plasma while DNA polymerase 
activity is much more restricted and is probably only a 
measure of the presence of circulating Dane particles. If the 
Dane particle is the virus of hepatitis B, then the actual titre 
of infectious virus in an HBAg-positive serum may correlate 
better with the level of specific DNA polymerase than with 
the titre of HBAg. 
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Detergent-solubilised H-2 
alloantigen is associated with a small 
molecular weight polypeptide 


THERE haye been several reports that purified papain-solu- 
bilised HL-A alloantigens contains two polypeptides with 
molecular weights of approximately 31,000 and 11,500 (refs 
1-3). The combined molecular weights of these two poly- 
peptides (42,500) is similar to the molecular weight reported 
for detergent-solubilised HL-A alloantigens (43,000) (ref. 4). 
The smaller fragment seems to resemble 8: microglobulin®", 
which has an amino acid sequence homologous to that of 
an immunoglobulin heavy chain constant region domain’. 
This smaller fragment does not seem to contain any alloan- 
tigenic activity’ and is found in association with several 
different HL-A alloantigenic molecules'®. Further evidence 
of the close association of these two polypeptides is based 
on observations that capping or immunoprecipitation of Pe 
microglobulin using antisera directed against 8: microglobu- 
lin results in the cocapping’ or coprecipitation® of HL-A 
molecules. One critical question is whether the HL-A alloan- 
tigens and £2 microglobulin are covalently’ or noncovalently 
joined to one another. Our studies on a homologous system, 
the H-2 complex of the mouse, suggest that mouse H-2 
alloantigens are noncovalently associated with a small poly- 


peptide. 


We report here that detergent-solubilised H-2 alloantigens _ 


from the mouse, purified by immunoprecipitation, contain 
two polypeptides with molecular weights of 47,000 and 
11,500. Since the smaller polypeptide has a molecular weight 
comparable with that of the £: microglobulin molecule 
associated with HL-A alloantigens, it seems likely that it 
represents the murine equivalent of 8a microglobulin. Also, 
since our solubilisation and purification procedure does not 
include any known proteolytic action, we propose that the 
small polypeptide does not represent a covalently-linked 
component of the H-2 alloantigen, but rather represents a 
molecule which for unknown reasons has a strong affinity 
for the major histocompatibility antigen of mice. 

Proteins of B10.D2 spleen lymphocytes were labelled with 
either I according to Marchalonis et al’, or by culturing 
spleen lymphocytes in Hanks balanced salt solution (Gibco) 
in the presence of 9H-amino acids for 4-8 h. Briefly, radio- 
iodination was performed by suspending 5 x 10’ spleen 
lymphocytes in 0.5 mi of a phosphate buffered saline (PBS) 
solution at pH 7.4 which contained 100 ug lactoperoxidase 
and 5 mCi I. Hydrogen peroxide (50 „i of 0.03% solution 
in PBS) was added and the suspension was incubated for 
5 min at room temperature. This was followed by washing 
of the cells in PBS. Lactoperoxidase-catalysed radioiodina- 
tion labels cell surface proteins only? whereas the short 
culturing procedure using "H-amino acids labels all proteins 
with a rapid turnover rate. Membranes of labelled cells 
were solubilised by incubation with 0.5% *Triton X-100 
(Sigma) in a mixture of 0.01 M Tris buffer’ pH 7.4 and 
0.15 M NaC] for 20 min at 0° C. Labelled immunoglobulin 
Was preprecipitated by the addition of normal mouse serum 
and rabbit anti-mouse immunoglobulin. H-2 alloantigenic 
activity was immunoprecipitated as described in Fig. 1. 


Sodium dodecyl sulphate (SDS) acrylamide gel electro-« 
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125] c.p.m. x 1072 
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Fig. 1 Antigen preparations labelled with either "I (a) or 
3H (b) from which labelled immunoglobulins had been 
removed by preprecipitation were treated with either 4 pl 
of D-4 H-2 alloantiserum and 16 wl of CS7BL/10 normal 
mouse serum (—) or 20 yal of C57BL/10 normal mouse 
serum (...). H-2 alloantiserum D-4, which was obtained from 
the National Institutes of Health, was made in the strain 
combination (B10. AKM x 129) F, anti-B10.A, and is there- 
fore directed against the H-2.4 antigenic specificity of the 
H-2D region of the H-2* haplotype. After incubation for 
30 min at 0° C, 100 wl of rabbit anti-mouse immunoglo- 
bulin was added and incubated at 0° C for 150 min. The 
resultant precipitate was washed three times, dissolved in 
100 ul of Laemmli reducing buffer’, and electrophoresed 
on 10% polyacrylamide SDS gels according to Laemmli’. 
Gels were cut into 1 mm thick slices and counted in eather 
a gamma counter (7751) or a liquid scintillation counter CH). 
Molecular weights of the major peaks are indicated. 


phoresis of the immunoprecipttate of H-2.4 alloantigenic 
activity in the presence of reducing agent revealed two 'poly- 
peptide chains with molecular weights of 47,000 and 11,500 
respectively, and a third peak of radioactivity which moved 
with the front, was dialysable, and was present in both the 
specific and nonspecific immunoprecipitates to the same 
extent (Fig. la). When a °H-amino acid-labelled antigen 
preparation was used, immunoprecipitates yielded only two 
radioactive peaks coincident with the ™I-polypeptides 
(Fig. 1b). 

It should be noted that when normal mouse serum was 
used as a control in the immunoprecipitation method, small 
radioactive peaks were observed coincident with and in the 
same relative ratio as those observed using specific anti-H-2 
serum. We believe that this is due to a small degree of re- 
activity of the small polypeptide (presumably the mouse 
analogue of : microglobulin) with rabbit anti-mouse im- 
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munoglobulin, and that partial precipitation of this poly- 
peptide by this reagent also results in partial coprecipitation 
of the H-2 alloantigenic molecule which is associated with 
it. SDS polyacrylamide gel electrophoresis of immunopre- 
cipitates in the absence of reducing agent also revealed 
the smaller polypeptide peak, indicating that it was not 
bound by disulphide bonds to the larger polypeptide. 

Our data indicate that the smaller polypeptide present in 
our immunoprecipitates is strongly associated with H-2 
alloantigens, is present on the surface of lymphocytes, is 
rapidly synthesised, and has a molecular weight of 11,500. 
All of these properties: are consistent with those of the £, 
microglobulin-like molecule associated with papain-solubi- 
lised HL-A alloantigens. Sequence analysis of the smaller 
polypeptide molecule is in progress in our laboratory to 
determine whether it is indeed the murine analogue of £.» 
microglobulin. We feel that further speculation concerning 
the role of 8: microglobulin as a component of HL-A 
alloantigens will require detailed chemical analyses of de- 
tergent-solubilised alloantigens. : 

Our investigations reveal that H-2 alloantigens are closely 
although noncovalently associated with a smaller polypep- 
tide molecule. The strong affinity which these two membrane 
proteins exhibit for each other suggests that they may 
function as complementary receptors on the surfaces of 
lymphocytes and, accordingly, play a part in cellular recogni- 
tion and(or) interactions. 
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Demonstration of acetylcholine-sensitive 
adenyl cyclase in malignant neuroblastoma 
cells in culture 


We have recently reported’ the existence of dopamine- 
sensitive adenyl cyclase (AC) in mouse adrenergic neuro- 
blastoma cells which contain tyrosine hydroxylase (TH) 
but no choline acetyltransferase (ChA); whereas, nor- 
adrenaline-sensitive AC at low noradrenaline concentra- 
tions becomes apparent in cyclic AMP induced ‘differen- 
tiated’ neuroblastoma cells. The presence of acetylcholine 
receptors in neuroblastoma cells has beer demonsjrated by 
Harris and Dennis’. These acetylcholine receptors are 
blocked by nicotinic and muscarinic inhibitors’. We now 
report the presence of acetylcholine-sensitive AC in 


. 765 
addition to dopamine- and noradrenaline-sensitive AC in 
inactive neuroblastoma cells which contain neither TH nor 
ChA, and in cholinergic neuroblastoma cells which contain 
ChA but no TH. Acetylcholine, dopamine and nor- 
adrenaline produced an additive stimulatory effect on AC 
activity,. suggesting that these neurotransmitters act on 
different receptor sites all of which are linked with AC. 

The procedures for culturing and maintaining the mouse 


‘neuroblastoma cells were previously described‘. Cells of 


previously defined’ clones NBDB~ and NBE, were used. 
The effects of dopamine, noradrenaline and acetylcholine 
on the AC activity in homogenates of malignant neuro- 
blastoma cells were measured. Cells (0.5 Xx 10°) were 
plated in large Falcon plastic flasks (75 cm’). The medium 
was changed first at day 2 and then every day thereafter. 
The samples for enzyme assay were prepared 4 d after 
plating. The cells were washed twice with phosphate buffer 
solution (pH 7.0), 5 ml of Tris-HCl (pH 7.5, 0.05 M) was 
added to each flask, and then the cells were removed from 
the flask surface using a Pasteur pipette. The contents of 
four flasks were pooled, and then the cells were frozen, 
thawed and homogenised. It is essential that cells are 
gently homogenised immediately after thawing as a longer 
interval between thawing and homogenisation decreases the 
enzyme activity. In addition, the stability of AC under 
frozen conditions varies from one clone to another. The 
stability of AC activity in frozen adrenergic cells could be 
maintained for more than a week; however, in cholinergic 
cells enzyme activity decreases by about 40% within a 
week. Therefore, the AC activity was assayed in samples 
which were frozen for a maximum of 3 d. The AC activity 
was determined by a modification® of the procedure des- 
cribed by Krishna et al.’ Essentially, the formation of `H- 
cyclic AMP from *H-ATP is measured. The assay system 
was modified to include phosphoenolpyruvate and pyruvate 
kinase to recycle ADP formed by ATPase activity back to 
ATP. Also, cyclic AMP (0.8 mM) was included in the assay 
as a trap for the *H-cyclic AMP formed during the incuba- 
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Fig. 1 Chatiges in adenyl cyclase activity (AC) in homo- 
genates of inactive neuroblastoma cells. The basal activity 
of AC (22:2 pmol per mg protein per min) was considered 
100% control values and the AC values of treated cells 
ewere expressed as percent of control. Each value represents 
an average of four to six samples. The bar at each point is 
standard deviation. Treatment with: ©, dopamine; A, 
acetyloholine; @, noradrenaline. 
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tion. The incubation period for each sample was 15 min. 
The absorbance at 260 nm of the purified cyclic AMP 
fraction serves as a measure of recovery of *H-cyclic AMP. 
The formation *H-cyclic AMP was linear with time up to 
30 min at 37° C and linear with protein concentration 
over the range 0.05-1.0 mg ml-*. The total volume of the 
incubation mixture was 1.0 ml. The protein was determined 
by the method of Lowry et al.. Data were expressed as 
pmol cyclicAMP formed per mg protein per min. 

The procedures for making solutions of dopamine, nor- 
adrenaline and prostaglandin (PG)E: were previously 
described’. To study the nature of receptors, propranolol 
(blocks f-receptors), phentolamine (blocks a-receptors), 
haloperidol (blocks dopamine-receptors), atropine (blocks 
acetylcholine-muscarinic receptors), hexamethonium and 
nicotine (blocks acetylcholine-nicotinic-receptors) were used. 
These* agents were dissolved in 0.01 N HCl. Nicotine was 
dissolved”in 70% ethyl alcohol. In addition, analogues of 
acetylcholine such as bethanechol and carbachol were used, 
since they are virtually resistant to acetylcholinesterase or 
non-specific cholinesterase. Carbachol stimulates both 
muscarinic and nicotinic receptors, whereas bethanechol 
has primarily nicotinic activity. 

Figure 1 shows that low concentrations of acetylcholine, 
dopamine and noradrenaline stimulated AC activity in 
homogenates of inactive neuroblastoma cells. Noradrenaline 
was much less active than either dopamine or acetyl- 
choline. A maximal stimulation of AC activity was 
achieved by 100 uM of any of these neurotransmitters; 
however, noradrenaline produced only 80% stimulation, 
whereas acetylcholine and dopamine produced about 160% 
stimulation in AC activity. None of the above neuro- 
transmitters at a higher concentration (1,000 uM) produced 
any significant effect on the basal activity of AC. 

Acetylcholine (100 aM) also stimulated AC activity in 
the cholinergic neuroblastoma cells to about the same ex- 
tent as that produced in the inactive neuroblastoma cells 
(data not shown). 

Table 1 shows that PGE; and serotonin also stimulated 
AC activity; however, adrenaline and histamine had no 
significant effect. Bethanechol and carbachol also stimu- 
lated AC activity, but less than did acetylcholine. The 
reasons for acetylcholine being more effective than 
bethanechol and carbachol are not known. When these 
agents were combined individually with acetylcholine, they 
produced an additive stimulatory effect on AC activity. The 
combination acetylcholine with dopamine or noradrenaline 
or both produced an additive stimulatory effect on AC 
activity, indicating that these agents act on the different 
receptors. Acetylcholine-stimulated AC activity was mar- 
kedly reduced by atropine, nicotine, and hexamethonium; 





Table 1 Effect of combination of various neurotransmitters on 
adenyl cyclase activity in homogenates of neuroblastoma cells 
(NBDB-) 


Adeny] cyclase activity 


Treatment (pmol per mg protein per min) 
22 £ 2* 


Control 

Dopamine (100 uM) 58 t3 
Noradrenaline (100 uM) 40 +1 
Adrenaline (100 M) 26 +£ 2 
Acetylcholine (100 uM) 57 = 4 
Bethanechol (100 uM) 36 +2 
Carbachol (100 uM) 3122 
Acetylcholine + bethanechol 88 + 3 
Acetylcholine + carbachol Tix 2 
Dopamine + acetylcholine 100 + 2 
Noradrenaline + acetylcholine 92 +5 
Dopamine + noradrenaline + acetylcholine 133 + 3 
Serotonin (100M) 24 4 2 
Histamine (1004M) 24 + 2 
Prostaglandin E, (10 M) 52 £3 


*Standard deviation. e 

Change in adenyl cyclase activity after treatment with various 
neurotransmitters in homogenates of inactive neuroblastoma 
cells. Each value represents an averageeof four to six samples. 
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but it was not significantly affected by haloperidol, phen- 
tolamine and propranolol (Fig. 2). Dopamine and 
noradrenaline stimulated AC activity. was markedly in- 
hibited by 10 uM of haloperidol and propranolol, res- 
pectively (data not shown). Atropine also reduced 
dopamine-stimulated AC activity; however, it reduced 
noradrenaline-stimulated AC activity only slightly (Fig. 3). 
Atropine, hexamethonium, nicotine, haloperidol, pro- 
pranolol or phentolamine alone produced no significant 
effect on the basal activity of AC. 

The reason for the marked reduction in dopamine- 
stimulated AC activity by atropine is unknown. Many 
blocking agents do not seem to be as specific as they have 
been presumed to be. For example, AC activity of neuro- 
blastoma cells (unpublished observation) and of caudate 
nucleus® is blocked by chloropramazine in a non-specific 
way. Haloperidol which is supposed to be specific inhibitor 
for dopamine-receptors also prevents noradrenaline-stimu- 
lated cyclic AMP level in rat brain slices”’. 

The fact that the muscarinic and nicotinic inhibitors of 
acetylcholine-receptors block acetylcholine-stimulated AC 
activity indicates that AC may be linked with both types 
of receptors. It has been suggested" that nicotinic receptors 
are linked with AC, whereas muscarinic receptors are linked 
with guanyl cyclase. This concept does not appear to be 
applicable to this neuroblastoma clone. 

Since dopamine and noradrenaline do not increase the 
cyclic AMP level until the phosphodiesterase activity is 
inhibited”, these neurotransmitters may not mimic the 
effect of cyclic AMP in causing differentiation of neuro- 
blastoma cells. Indeed, when the cells were exposed to 
dopamine and noradrenaline for 1 h, no differentiation 
occurred’, although dopamine induced reversible inhibi- 
tion of cell division. A long drug-exposure was not feasible 
because these agents are auto-oxidised in solution. 
Acetylcholine (100 aM) did not produce any significant 
change on growth or differentiation (data not shown). 

Our results demonstrate the presence of acetylcholine- 
sensitive AC in addition to dopamine- and noradrenaline- 
sensitive AC in inactive and cholinergic neuroblastoma 
cells. These cells thus differ from adrenergic cells in which 
acetylcholine-sensitive AC activity is not demonstrable and 
noradrenaline-sensitive AC activity does not become 
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Fig. 2 Effect of various inhibitors of receptors on acetyl- 
choline-stimulated adeny! cyclase activity in homogenates of 
inactive neuroblastoma cells, A concentration of 30 uM of 
b, atropine; c, hexamethonium; d, nicotine; e, haloperidol; 
f, phentolamine or g, propranolol was added immediately 
before the addition of ACh (100 4M). a, The acetylcholine- 
stimulated activity. of adenyl cyclase (S7+4 pmol per mg 
proteig per min§ was considered as 100%, and the values of 
AC in the presence of inhibitors were expressed as a per- 
centage of the stimulated value, Each value represents an 
average of four to six samples. The bar at each point is 
standard deviation, 
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Fig. 3 Effect of atropine on acetylcholine (O)-, dopamine 
(®)- and noradrenaline ( A)}stimulated activity of adenyl 
cyclase (AC) in homogenates of inactive neuroblastoma cells. 
Atropine was added at various coneentrations immediately 
before the addition of acetylcholine (100 aM) dopamine’ 
(100 M) or noradrenaline (100 uM). The stimulated value 
of AC for dopamine (58£3 pmol per mg protein per min), 
for acetylcholine (574 pmol per mg protein per min) and 
for noradrenaline (401 pmol per mg protein per min) was 
used as 100%, and the values of AC activities in atropine- 
treated homogenates were expressed as a percentage of the 
stimulated value. Each value represents an average of four 
to six samples. The bar at each point is standard deviation. 


apparent until the cells are differentiated as a result of 
raised cyclic AMP levels*’*’**. Jt is interesting that the 
application of dibutyryl cyclic AMP or acetylcholine into 
the lateral hypothalamic area of rat greatly increased water 
intake’, Atropine completely inhibited food and water 
intake induced by dibutyryl cyclic AMP". 
The fact that the adenyl cyclase retains its sensitivity to 
low concentrations of acetylcholine and dopamine in 
homogenates of neuroblastoma cells suggests that this 
system may provide a sensitive method in search of new 
agents that can mimic or antagonise the effect of catechol- 
amines and acetylcholine on mammalian neurones. 
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Effect of cyclic AMP, 
caffeine and theophylline on 
differentiation of lens epithelial cells 


PAPACONSTANTINOU has clearly shown that differentiation of 
lens epithelial cells into fibre cells involves a complex series 
of morphological and biochemical events'; however, at the 
molecular level the factors involved in the initiation of this 
differentiation are almost entirely unknown. The purification 
and characterisation of the mRNA species specifying bovine 
lens proteins? have made desirable the development of a system 
in which details of lens differentiation could be studied. Such 
a system for the study of lens epithelial cell differentiation in 
tissue culture should have the following characteristics: (1) The 
differentiation should demonstrate characteristic morphological 
changes which can be correlated with those expected of the 
process in vivo; (2) specific proteins characteristic of the 
differentiated tissue should be absent in epithelial cells inoc- 
ulated into the culture and should appear during the course 
of the morphological changes; (3) it should be possible to 
maintain the epithelial cells in culture in an undifferentiated 
state by the criteria of unaltered morphology and the absence 
of specific proteins), and to induce them to differentiate in 
response to a specific set of conditions; (4) clones of epithelial 
cells should show characteristics similar to freshly explanted 
epithelial cells. In addition to these criteria, a useful charac- 
teristic of the system would be an accelerated or inhibited 
differentiation in response to hormones of cyclic nucleotides. 

In establishing such a system, both the choice of protein to 
be monitored as an indication of differentiation and the tissue 
to be cultured may be critical. We observed in a previous 
study? by immunofluorescent staining that epithelial cells at 
early stages of lens development in the rat do not contain 
y-cryStallins. In recent (unpublished) work we have found 
that when epithelial cells from embryonic or newborn rat 
lenses are cultured, no y-crystallins can be found initially 
when fixed monolayer cultures of freshly explanted epithelial 
cells are stained by indirect immunofluorescence, but that 
subsequently such cells grow and differentiate morphologically, 
and in 5 d may be stained positively for y-crystallins. 

One of the most marked features of the monolayer cultures 
is the stimulation of cell growth and acceleration of the appear- 
ance of the y-crystallins by dibutyryl cyclic AMP. At 24 h, in 
contrast to controls (Fig. 1a), monolayers treated with di- 
butyryl cyclic AMP (Fig. 14) or caffeine (over the concentra- 
tian range 10— to 10-° M) exhibited patches of confluent 
growth and all the single cells were elongated in patterns 


similar to those observed for control cells only after three 
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Fig. ł ” Lens epithelial cells were removed from 1-d-old rat 
lens by 30 min treatment in medium 199 containing 0.08% 
trypsin at 37° C. A suspension culture of medium washed cells 
were incubated at 37° Ci in screw-capped shaker culture flasks. 
The cells were grown in suspension culture medium 199 con- 
taining 20% foetal calf serum, 0.1% p-L glutamine, penicillin 
G-sodium 100 U ml and dihydrostreptomycin sulphate 
100 ppg mi~. The pH was adjusted to 7.1 with sodium bi- 
carbonate. After 5 d growth cells were inoculated in fresh 
medium into tissue culture chamber slides (Lab-Tek) at a density 
of 3.3x 10° ml—~. This high cell concentration was necessary 
since only 10-12% of the cells will attach to the glass. After 
6 h the unattached cells were removed by sterile aspiration of 
the media and fresh media added. Monolayer cultures were 
incubated at 37° C, 100% humidity in an atmosphere of 5% 
CO -95% air. Medium (0.8 mI per chamber) was changed 
after 2 d and subsequently every 2 d. All test substances were 
present from the time of monolayer inoculation. Phase contrast 
micrographs were taken under white light 24 h after inoculation 
(x 370.50). a, Normal cultures of lens epithelial cells; 6, culture 
treated with dibutyryl cyclic AMP (i x 1075 M). 


days of growth. After 48 h in such treated monolayers strong 
y-crystallin immunofiuorescence was detected. No cell elonga- 
tion or areas of confluent growth were found in monolayers 
incubated with butyric acid, cyclic GMP or theophylline (also 
over the concentration range 10-* to 107% M), but caffeine 
potentiated the effect of cyclic AMP. 

This effect is in marked contrast to the usual inhibitory 
effect of high concentrations of cyclic AMP on the growth of 
a number of cell lines*®, and on the differentiation of an 
established myogenic cell line?. It occurs at much lower con- 
centrations of cyclic nucleotide than used to stimulate differen- 
tiation of the mouse neuroblastoma cell line (5 mM) (ref. 9), 
or the temporary stellate configuration in adult newt iris cells?®. 
It is likely that a growth response to cyclic nucleotides is typical 
of embryonic or neonatal cells“, but the additional possibility 
of inducing differentiation in rat lens epithelial cells is expected 
to be valuable in exploring differentiation at the molecular 
level. 
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New unstable haemoglobin (Hb Moscva, 824 
(B4) Gly-Asp) found in the USSR 


THE unstable haemoglobins form a well-characterised group 
of human mutants which have been observed in many parts of 
the world’. We have recently cooperated in the study of two 
such haemoglobins seen in Moscow. Haematological and clini- 
cal aspects have been published in Russia?*. One of the 
haemoglobins, discovered in a mildly anaemic patient who had 
pancreatitis (and in his son), was found to be Hb Tacoma 
(630 (B12) Arg —> Ser), previously described in three members 
of a United States Caucasian family*. As this haemoglobin has 
already been fully characterised® it will not be discussed further 
here. 

‘ The second is a new variant, Hb Moscva, with the amino acid 
substitution B24 (B6) Gly — Asp. It was found in a patient who 
suffered from myeloid leukaemia and who has since died, but it 
was possible to send her blood to Cambridge for further study. 
Incubation of the blood with brilliant cresyl blue! resulted in 
the appearance of numerous Heinz bodies. The heat instability 
test’ and incubation with isopropanol® both caused the for- 
mation of a red precipitate confirming the presence of an un- 
stable haemogiobin. Subsequently an unstable haemoglobin 
was also found in the patient’s half sister (by the maternal line), 
and the sister’s son. 

Hb Moscva migrated more rapidly towards the anode than 
Hb A on starch gel electrophoresis at pH 8.6 (ref. 9) and could 
be removed from the haemolysate, before electrophoresis, by 
heat precipitation’. There was only a single Hb A, fraction 
indicating that the abnormality was probably in the B, rather 
than the a chains. The proportion of Hb A, (4.1%) was slightly 
above the normal range (2.5 — 3.5%). The abnormal compo- 
nent, which represented 17% of the total. haemoglobin, was 
isolated in the carbonmonoxy form on DEAE Sephadex? and 
further purified, for structural studies, by paper electro- 
phoresis. 
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Fig. 1 Fingerprint of the soluble tryptic peptides of the globin 
from Hb Moscva. Electrophoresis at pH 6.4, 53 Vem™ for 1 h; 
ascending chromatography in pyridine—isoamy] alcohol—water 
(6:6,7, by volume) for 18 h. Peptides were located with 0.2% 
(w/v) ninhydrin containing 1% (v/v) pyridine and with the speci- 
fic s®ining reagent (Sakaguchi) for arginine-containing 
peptides. @, Origin; a, position of BATpll;b = pesee TpXIII. 
The variant BTplII Mies isolated by paper electrophoresis at 
pH 6.4 (61 V em^, 1 h). 
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Fig. 2 Fingerprint of the thermolysin peptides of 84TpIII (A) 
and BTpHI from Hb Moscva (Mo). Electrophoresis at pH 6.4, 
53 V cm” for 45 min; ascending chromatography and location of 
peptides as in Fig. 1. The peptide BM°S*¥#23-27 was purified from 
B20-22, for sequence studies, by paper electrophoresis at pH 
9 (1% (w/v) (NH,)2CO;, 44 V cm7, 1 h). @, Origin. 

*An electrically neutral peptide with an amino acid compo- 
sition similar to that of the positively-charged peptide B28-30 
(Leu-Gly-Arg); it amounted to 6% of total 828-30 and was 
thought to represent a minor reaction product, produced 
between ninhydrin and the guanidinium side chain of arginine 
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Measurements of the oxygen affinity of isolated Hb Moscva 
showed it to have a slightly lower oxygen affinity than Hb A 
(Fig. 3), but with a near normal Bohr effect and haem—haem 
interaction. 

All known normal globin chains have a Gly in position B6, 
with four exceptions (a-chains of mouse NB and grey kangaroo, 
one of the midge and one of the plant haemoglobins)™!>. M.F 
Perutz has examined, with us, the possible consequences of the 
substitution in Hb Moscva using his atomic model of human 
haemoglobin. B6 is in a densely packed region of the molecule 
where a side chain could not be easily accommodated without 
forcing apart the B and E helices. In the three unstable haemo- 
globins Riverdale-Bronx!*® Savannah?’ and Moscva, the glycine 
residue B24 (B6) is replaced by one of arginine, valine and 
aspartic acid, respectively. It is probable that these substitutions 
disturb the spatial relationships of the haem with the adjacent 
polypeptide chain; for example, J. Peisach observejl that the 
EPR spectrum of met-Hb Riverdale-Bronx differs from that of 
met-Hb A (cited in ref. 16). Hb Savannah shows an increased 


. dissociation into aß dimers?’, suggesting that the alß2 contact 


may be indirectly affected. 

Itis not possible to predict how these substitutions may affect 
the oxygen affinity. Hb Riverdale-Bronx shows, in contrast to 
Hb Moscva, a higher. oxygen affinity than HbA (P. A. L., un- 


B30, during location of BTpIII after its preparation on paper. 


On the fingerprint of the tryptic digest of Hb Moscva, pre- L5 
pared by standard techniques!?, peptide B“TpIII (R18-30) 
(a in Fig. 1) was replaced by a new, more negatively 
charged peptide (b in Fig. 1). The amino acid composition 
of the new peptide (Table 1) resembled that of B^TpIH except 
for a substitution of one of the three glycine residues ($24, 25 or 
29, (Table 2) by an aspartic acid residue. Asparagine is conver- 
ted to aspartic acid during the hydrolysis which precedes amino 
acid analysis; a Gly — Asn substitution could, however, be 
excluded because of the increased negative charge of the variant 
peptide. 

To determine which of the three residues had been re- 
placed, the variant BTpIII was digested with thermolysin and 
the digest fingerprinted at pH 6.4. Comparison of the finger- 
print with that from P4TpIIl (Fig. 2) showed that the peptide 
B 423-27 (Val-Gly-Gly-Glu-Ala) had been replaced by another, 
more negatively charged peptide, the amino acid composition of 
which (Table 1) indicated that one residue of glycine (824 or 
625) had been replaced by one of aspartic acid. Dansyl-Edman 
degradation!’ showed the sequence 823-25 to be Val-Asp-Gly 
and the amino acid substitution in Hb Moscva, therefore, to be 
824 (B6) Gly —> Asp. 


logs of 50 
= 


0.8 


e a 


6.0 6.4 6.8 “hz 7.6 


pH 


Fig.3 Values of logioPso for, O, Hb A and, @, Hb Moscva at 
various pH values; pso is the pressure of O; in mm Hg required 





Table 1 Amino acid composition of the tryptic peptides (18-30 
and the thermolysin peptides 823-27 from Hb A and Hb Moscva. 


Amino acid Peptide to attain half saturation of the haemoglobin. The CO-Hb was 
BTpHI (18-30) 623-27 E to oa oa) by ultrafiltration at 4° C a 

then equilibrated with 0. potassium phosphate buffer 

Asp a sie A oe PH 8.6, by gel filtration on a 1.0 x 9.0 cm column of Sephadex 
Glu 7 20 1 10 G25 (coarse). The CO-Hb was converted to the oxy-form’® and 
Gly 3 20 > 10 oxygen dissociation curves were recorded by the automatic 
Ala l 12 1 10 method of Imai et al.™® using 0.1% (w/v) haemoglobin solutions 
Val 3 30 i 10 in 0.1 M potassium phosphate buffers of various pH values 
Let 1 1.2 containing 0.5 mM EDTA. The measurements were made at a 
Arg 1 11 temperature of 23° C using monochromatic light of wavelength 


474 nm. The values of p;, were determined from the dissocia- 

tion curves and the values of n, the exponent of the Hill equation, 

were determined from the slope of the Hill plots. The curves 

were nearly parallel showing that the Bohr effect, which is 

represented by the slope of the curve d(logioP59)/d(pH), is the 
same for Hb Moscva and Hb A. 


Peptides were hydrolysed with constant-boiling HC! for 18 h at 
108° C in sealed evacuated tubes. After removal of the excess HClina 
rotary evaporator, the hydrolysates were analysed using a Locarte 

amino acid analyser. 





Table 2 Amino acid sequence of the peptide BTpIII from Wb A and Hb Moscva 


PE ee ee NSO TC ON SSN a UE A Src PULA TNR RENIN Oe aor OE TN 
Residue No. 18 19 20 21 22 23 24 23 26 2i 28 29 30 
Helical No. A15 B 1 B2 B3 B 4 B 5 B 6 B7 B 8 B9 B10 B11 B12 
Residues ° 

HbA Val Asn {Val * Asp (Glu Wal Gly Gly Glu Ala {Leu Gly Arg 

Hb Moscva Val Asn Val Asp “Glu Val « Asp Gly Glu Ala JLeu Gly Arg 





The arrows indicate the positions of hydrolysis by thermolysin a mg umol! peptide); the bond þetween Glu 22 and Val 23 was only 52% 
hydrolysed in 5 h at 37° C but was completely split in 8 h at 50° C 
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published) but both have a near-normal Bohr effect and haem- 
haem interaction. L. I. IDELSON 

N. A. DIDKOWSKY 
Central Hospital, Ministry of Transport, 
Pogono-Losinoostrovskaja Street, Moscow, USSR 

R. CASEY 

P. A. LORKIN 

H. LEHMANN - 
MRC Abnormal Haemoglobin Unit, 
University Department of Biochemistry, 
Addenbrooke’s Hospital, Hills Road, 
Cambridge CB2 2QR, UK 


Note added in proof : After this manuscript was submitted, we 
identified a third unstable haemoglobin from Russia. [ts substi- 
tution was 8106 (G8) Leu—Pro. This variant has been found inde- 
penderttly m the United States in two unrelated persons as Hb 
Casper” ånd in the United Kingdom in one individual as Hb 
Southampton*. 
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Endocytotic formation 


of rat brain synaptic vesicles 

THE present knowledge and theories regarding the fate of 
synaptic vesicles was reviewed by Holtzman ef al.'. Using 
electron microscopy it has been found that a marker protein 
(horseradish peroxidase) was incorporated into vesicles of 
frog neuromuscular junctions by microinyagination of the 
synaptic plasma membrane?~* and also intq brain synapses’. 
Heuser and Reese? have put forward a model postulating re- 
circulation of synaptic vesicle structural materials. Thus, during 
release of neurotransmitter into the synaptic cleft the vesicle 
membrane should fuse with the presynaptic membrane, 
and then vesicles could be reformed by invaginations of the 
synaptic plasma membrane distant frem the synaptic cleft. ° 
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We have investigated whether synaptic vesicles could be 
labelled after intracerebral injection of a marker protein. Rats 
were injected intracisternally with bovine serum albumin (BSA) 
and after isolation of the synaptic vesicle fraction and specific 
quantitative assay of its BSA content, the synaptic vesicles were 
found to be enriched with the label in an endocytotic process 
dependent on time and affected by barbiturates. 

Thirty-five-day-old rats in groups of eight were injected with 
2.2 mg BSA in 10 ul 0.9% NaCl, into the cisternae magna by the 
suboccipital route. The rats were anaesthetised with equal 
volumes of oxygen and carbon dioxide during the injection. 
They recovered less than half a minute after removal of the 
anaesthetic. After 5, 120 or 240 min the rats were decapitated. 
Their brains were homogenised in isotonic sucrose: and by 
sedimentation rate separations crude synaptosomal—mito- 
chondrial subfractions (cmf) were produced. These were 
osmolysed in water and separated on a density gradient by 
ultracentrifugation’:®=. The 0.2/0.4 M sucrose density gradient 
interface and the 0.4/0.6 M interface were removed, diluted with 
water and centrifuged ‘to give synaptic vesicles (ves) and 
synaptic vesicles heavily contaminated with microsomes 
(m-ves), respectively. The ves and m-ves layers have been 
identified by electron microscopy® and by analysis of an 
antigen characteristic of vesicles’. No differences were found 
between the three labelling periods with respect to the amount 
of vesicle antigen. The brain homogenate (hom) containing both 
free and bound BSA, and the subcellular fractions cmf, ves and 
m-ves containing only bound BSA were solubilised in Triton 
X-100 and analysed for BSA content by rocket immuno- 
electrophoresis. 

Figure 1 shows that the synaptic vesicle subcellular fractions 
are enriched in BSA both compared with the parent cmf 
fraction and the microsome-contaminated m-ves fraction. The 
enrichment of BSA in the synaptic vesicle fraction was greatest 


at 120 min labelling time, but the decrease with 240 min 


labelling time paralleled the decrease in hom and cmf. When 
BSA was added directly to prepared, until then unlabelled, hom 
and cmf fractions, the specific BSA content in subsequent pre- 
pared ves fractions was less than 0.08 ug BSA per mg protein 
(lower detection limit), ruling out unspecific adhesion to sub- 
cellular particles. 

We have compared the specific BSA content in the synaptic 
vesicle fraction between control groups, and groups of rats 


hom 


BSA concentration (ug per mg protein) 
to 


] ves 


120 240 
Incubation period (min) 


Fig. 1 Specific concentration of suboccipital injected BSA in 
fractions of rat brains at different incubation periods. Sub- 
cellular particles were solubilised in 2% Triton X-100, 10 mM 
phesphate, | mM EDTA and 1% Trasylol (a protease inhibitor), 
adjugted to pB 8.5. After 2h at 4°C the supernatant from an 
ultracentrifugation at 6,000,000g x min was used for rocket 
immunoelectrophoresis. Here we used 0.17 pl rabbit anti-BSA 
cm’, detecting between 5 and 400 ng BSA in samples of 20 ul 
solubilised material*®. 


x 
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anaesthetised with barbiturate during a labelling period of 120 
min, The specific contents of BSA in ves from rats treated with 
barbiturate (Nembutal) were only 66% of that of the controls. 

As the vesicles were enriched compared with both parent 
(cmf) and sister (m-ves) fractions assayed, the BSA-containing 
particles must be an integral part of the ves fraction. The BSA 
uptake may be explained by pinocytotic de novo formation of 
the vesicles from the synaptic plasma membrane as well as by 
transitory fusion of preformed vesicles with the synaptic mem- 
brane during release of ‘transmitter into the synaptic cleft". 
But taken together with the-electron microscopic observations 
of micropinocytosis in the central nervous sytem, these results 
indicate that at least a part of the synaptic vesicles have been 
formed or reformed from the synaptic plasma membrane in an 
endocytotic process. Anaesthesia decreased the BSA content 
of the vesicles to 66% possibly by impeded vesicle formation. 
It has also been shown that electrical stimulation of peripherial 
nerves increased the endocytotic uptake of horseradish perox- 


idase?. Thus, it should be possible to include the quantitative 


measurement of endocytotic formation of brain synaptic 
vesicles in the armament of the neuropharmacologist. 
This investigation was supported by a grant from the Medical 
Research Council of Denmark. 
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Chemical transfer of learned colour 
discrimination in goldfish 
Tue literature describing chemical transfer of learned in- 


formation has been characterised by contradictory findings 
during the past ten years’*~° 


We have, however, recently managed to obtain reliable - 


and repeatable results with goldfish, and we report below 
two experiments which were, designed to test the specificity 
of chemical information transfer. 

The reliability and direction of transfer has been reported 
to be influenced by the amount and type of extract injected, 
the amount of training of the donor and recipient animals 
and the time between injection and test“. These same 
variables have been important in our own work with gold- 
fish’. We have shown, for example, thate very small con- 
centrations (1 ug) of nucleic acid extracts from trained 
donors produce stronger transfer effects than higher con- 
centrations, when compared with injections of the same 
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concentrations from untrained animals. Overtraining of the 
donor animals also has been shown to have marked effects 
on the degree of transfer in recipient animals’. 

The avoidance learning task in our experiments was 
similar to the task required of fish in the shuttle-box 
described by Horner et al. except that two coloured lamps 
served as the conditioned stimuli. The four shuttle-boxes 
were rectangular plastic aquaria (78X15x15 cm) equipped 
with trapezoidal-shaped barriers dividing the boxes into two 
compartments. Each box had graphite electrodes along the 
sides to deliver an electric shock. Photo cells at each end of 
the barrier monitored the response and registered the side 
of the shuttle-box containing the fish for each trial. The 
task for the fish was to learn to anticipate a mild (5 V a.c.) 
electric shock by swimming over the barrier to the other 
compartment whenever one of two coloured signals (red or 
green) was presented. All stimulus and response cOntintgencies 
were controlled and recorded by automated circultry. 

The two experiments below differed in the consequences 
of responding to the wrong signal, the amount of training 
given the donor animals and the number of groups of 
recipient animals. In the first experiment, fish which would 
later become recipients of the nucleic acid extract from 
donor animals were trained in a red-green avoidance dis- 
orimination. The red signal was presented for 20 s, after 
which a pulsed electric shock was delivered. Whenever the 
green signal was presented, it remained on for 30 s and no 
shock was delivered, regardless of the fish’s reaction to it. 
We designate this as a R+G. discrimination to differentiate 
it from a R+G-— task where response to green was 
punished. All fish in both experiments were obtained from 
local suppliers and were 7-8 cm long. They were housed for 
one week in a 400 1 aquarium and later transferred to 
individual 6 | aquaria which were supplied with filters. 
Water temperature was maintained at 20° C, 

In the first experiment 74 donor fish (Carrasius auratus) 
were trained in a R+G— discrimination and seven to a 
G+R-— task for 3 d (100 trials each day, 50 red, 50 green, 
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31-35 46-50 l-5 16-20 31-35 46-50 
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Fig. 1 Action of. nucleic acid extracts on two groups of 
goldfish trained in a red-green avoidance learning task 
(R+G.,). Thé upper curves on the left (solid black dots) 
show the pescentage avoidance to the positive red stimulus 
while the bottom two curves on the left (black and white dots) 
show the, response to the incorrect green stimulus. The effect 
of the dissimilar injection is shown by the set of curves on 
„the right when the same fish were tested under extinction 
conditions (R.G.). The solid line fish were injected with 
extract from R+G-— trained donors while the broken line 
fish were injected with G+R-— trained extract. 
+ 
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` randomly presented). A large number of donor animals were 
trained in order to have enough extract for dose-response 
studies. Each trial consisted of the onset of the red or green 
stimulus lamp on the side of the box containing the fish. 
When the positive stimulus (R+ or G+) was presented, a 
5 V ac. pulsed shock was delivered (1 s~’, 80 ms duration) 
20 s later, unless the fish swam over the barrier into the other 
compartment. When the negative stimulus (R — or G—) was 
presented, the animal could avoid shock by ‘staying in its 
compartment. If the animal responded during the negative 
stimulus presentation, it was shocked until it returned to the 
original side. In the R+ or G+ trials, the shock was limited 
to 10 s when the fish failed to escape. The intertrial interval 
was 30 s. 

Twenty-four hours after this 3 d training ‘period, the fish 
were decapitated, their brains extracted and placed in liquid 
nitrogen. ¿lhe hot-phenol procedure was used to extract 
nucleic acids from the brain tissue. This method yielded: a 
RNA/DNA mixture of about 300 to 400 ug per fish brain. 
Only fish that had reached ‘at least the 50% avoidance level 
to the positive stimulus were used in- the extraction 
procedure. 

Two groups of 23 fish each, designated to. become re- 
cipients, were trained to the R+G, discrimination described 
above for one day or 100 trials (50 red, 50 green). Imme- 
diately after this training, each fish was injected with 1 ug 
of extract in 10 wl of saline. The injection was intracranial 
into the large cranial cavity over the brain. Using a blind 
procedure, one group was injected with extract from the 
R+G-— trained donors and the other with G+R-— extract, 
They were tested 24 h later for 100 trials under extinction 
conditions (R.G,). 

Both groups reached about the 70% avoidance level in 
responding to the positive stimulus (R+) at the end of 
training (Fig. 1). Although there was some generalisation to 
the G, stimulus (about 25% responding), discrimination is 
obvious. The effect of the intracranial injection from dif- 
ferentially trained -donors was apparent in the test trials 
on the next day. Fish receiving extracts from similarly 
trained donors remained at a relatively high level during the 
extinction trials while fish receiving extract from the G+R+ 
or dissimilarly trained donors showed a much lower level 
of performance. This difference is statistically significant at 
the P<0.01 level. 

Although the results of the first experiment show a 
dramatic injection effect, they can only be regarded as sug- 
gestive evidence for specific information transfer because of 
a difference in performance level of the donor animals in 
the R+G~— and G+R-— tasks. Since the R+G— dis- 
crimination is easier to learn, it can be argued that the 
observed negative transfer may be due to the different 
number of shocks received by the G+R— donor animals. 
The complete factorial design of the second experiment 
makes this possibility highly unlikely. 

In the second experiment, two groups of donor animals 
were trained as before except that an overtraining procedure 
was used. Overtraining of the donors has been shown to 
maximise transfer in a single-stimulus avoidance training 
situation. The advantage of overtraining is that it equalises 
asymptotic performance of the R+G— and G+R-— donor 
groups although it does not ensure that both groups receive 
the same number of shocks since the R+G— animals reach 
their asymptotic level (90-95%) faster than the G+R—~ 
donors. They were trained either on a R+G— ora G+R— 
task for 5 d (100 trials d-*), rested for Yd and further 
trained for 2 d. Immediately after this training, their brains 
were extracted and processed as before. All donor fish had 
reached at least the 50% avoidance level. 

Four groups of fish, designated as recipients, were traimed 
for a 1 d, 100 trial session. There were two R+G— groups 
and two G+R-— groups, each with 15 fish. Immediatelf 
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Fig. 2 a, Action of nucleic acid extracts on two groups‘of 
goldfish trained in a red-green avoidance learning task 
(R+G-—): the upper two curves on the left show the 
percentage avoidance to the positive red stimulus while the 
bottom two curves on the left show response to the incorrect 
green stimulus. The effect of the dissimilar injection is shown 
in the right set of curves where the same fish were tested 
under extinction conditions (R.G.). The solid line’ fish were 
injected with extract from R+G-— trained donors while the 
broken line fish were injected with extract from G+R-— 
trained donors. b, Action of nucleic acid extracts on two 
‘groups of goldfish trained in a green-red avoidance learning 
task (G+R—). The upper two curves on the left show the 
percentage avoidance to the positive green stimulus while 
the bottom two curves on the left show the response to the 
red stimulus. The effect of the dissimilar injection is shown 
in the set of curves to the right when the same fish were 
tested under extinction conditions (GR). The solid line fish 
were injected with G+R— trained extract while the broken 
line fish were injected w a from R+G-— trained 

sh. 


after this training, each animal was intracranially injected 
with 1 wg of extract from donor animals that were similarly 
or dissimilarly trained. Twenty-four hours after this injection 
all animals were given 100 test trials under extinction 
conditions (R oGo). 

Figure 2 shows the training and test oe eee of the 
four recipient. groups. The divergent effects of the injections 
are apparent for both red-trained and green-trained groups 
but are particularly striking for the R+G— groups (Fig. 
2a). Fish receiving extract from animals trained in the 


. identical task improved in performance, while those receiv- 


ing extract from the opposite trained donors show a marked 
decline. 

Figure 2a shows that the difference between the groups 
in the test trials was due to both the positive transfer on the 
R+G— trained/R+G— injected group and a negative 
transfer on the R+G-— trained/G+R— injected group. 
This distinction is not observed in the G+R— recipients 
where the majot. part of the difference after injection is 
caused by the decline im performance of the G+? 
trained/R+G— injected group. 

The statistical significance of these findings v ued 
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by a five-way analysis of variance with repeated measures 
on three factors. The difference in performance to the 
positive stimulus between groups receiving extract from 
similarly or dissimilarly trained donors is significant at the 
P<0.001 level. Not only is response-to the positive stimulus 
affected by the type of extract, but there is also a tendency 
for the response to the negative stimulus to be affected -as 
well, although to a much lesser degree. 

We are puzzled by the apparent interaction with colour 
per se. The major effect is seen with the red-trained groups. 
It is possible that this difference is associated with the rela- 
tively greater difficulty fish have in learning the avoidance 
response in the G+R— task. This colour-sensitivity differ- 
ence between red and green performance has been observed 
in all studies of the red-green discrimination .in this labora- 
tory. The difference persists even when the two stimuli are 
equated for intensity. An additional control group with 
extracts from donors trained on an avoidance task with an 
entirely different set of stimuli might have added to our 
understanding and assessment of the differences in each pair 
of subgroups. 

The results of both these experiments are consistent 
with the hypothesis that the extract contains chemically 
coded specific information which facilitates or inhibits per- 
formance. These results are also consistent with other data 
from this laboratory where similar designs were used in a 
single stimulus task’. Two groups of fish were trained to 
make avoidance responses to'a light-onset signal. They were 
then injected with extract from donors that were similarly 
(light-onset) or dissimilarly (light-offset) trained. The test 
trial performance showed the same divergence in perform- 
ance as observed here. 

In another complete factorial study we conducted, where 
the recipient animals were overtrained for 3 d (also a red- 
green task), the striking difference observed in the above two 
experiments failed to appear. Although a positive transfer is 
more difficult to achieve in animals already performing at 
the 80-85% level after 3 d of training, a negative transfer, 
as was found in the first experiment, is possible but does not 
appear when the recipients are overtrained. It is possible 
that well-consolidated information is not as susceptible to 
chemical interference as has been observed in the puromycin 
consolidation studies of memory”. 

We are planning experiments to further characterise the 
nucleic acid extracts responsible for the information transfer. 
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Influence of local hydrophobic 
environment on acid dissociation 
constants of coordinated water molecules 


THE hydration of carbon dioxide by Zn(II) carbonic anhydrase 
is thought? to occur through a mechanism in which a hydroxy] 
group coordinated to the zinc atom has an important function. 
As a consequence, the pK of the conjugate acid coordinated 
water molecule has been the subject of some discussion??. 
In Zoli) (ref. 4) and Co(II) (ref. 5) carbonic anhydrase, the 
water molecule bound to the metal ion, apparently has a pK 
in the range 6.9-7.9, which is two units lower than the pK 
range quoted® for the first protolysis of [Zn(H,O),]2+ and 
[Co(H,O),]**.(The pK values quoted for [M(H,0),]?+ exhibit a 
considerable variance and have been determined under a variety 
of experimental conditions. When M = Co, Ni, Cu and Zn mean 
pK values of 9.8, 10.3, 7.8 and 9.5, respectively, are derived 
from the range of values quoted at zero ionic strength and at 
298 K (pK values for all four metal ions in 1 M NaClO, are 
not available).) 

Structural studies’ show that the zinc atom in Zn(II) carbonic 
anhydrase is situated at the bottom of a cleft, lined with hydro- 
phobic groups, in the protein molecule, and also that it is 
tetrahedrally coordinated by three imidazole groups and one 
water molecule. It has been postulated that this local hydro- 
phobic environment is largely responsible for the decreased 
pK of the coordinated water molecule>?. Although the varia- 
tion of the pK of coordinated water with the metal ion character 
and environment is well known®’, there seems to be no report 
of a study in which this postulate may be tested. 

Here we report a study in which the environment of a water 
molecule is changed from hydrophilic to hydrophobic for a 
range of metal ions, whilst the ligand donor atoms and metal 
ion coordination number remain constant and the coordination 
geometry almost so. 

Divalent cobalt, nickel, copper and zinc all form stable 1 : 1 
complexes with both 2, 2’, 2”-triaminotriethylamine (tren) 
(ref. 10) and 2, 2’, 2’-tri (N, N-dimethylamine) triethylamine 
(Me,gtren) (ref. 11) in aqueous solution. The complexes are 
five coordinate!?~"* with the general formula [MtrenH,O]|?+ 
and [MMe,trenH,O]?* with the exception of the species 
[Ni tren(H,O),]?+. An examination of space filling models 
based on the known solid state structures of the!®*[M trenNCS]+ 
and !'4[MMe,trenBr]+ ions reveals that the coordinated water 
molecule in [M trenH,O]?+ is closely adjacent to the hydrophilic 
primary amine groups of the tren ligand, whereas the coordin- 
ated water molecule of [MMe,trenH,O]** is sterically crowded 
by the hydrophobic methyl groups of the Me,tren ligand 
(Fig. 1). Thus, these complexes provide an opportunity for the 
examination of both the effects of the metal ion and of the 
change of environment’on the pK of the coordinated water 
molecule. 

The complexes undergo protolysis as follows: 

[M trenH,O]?+ + H,O <> [M trenOH]+ + H,O+ 
[MMe,tren#,O]}*+ + HO < [MMe,trenOH]* + H,Ot- 
Apparent pK values were determined by sodium hydroxide 
titration, under nitrogen, of 5 x 107 M complex solutions in 


-aqueous 1M sodium perchlorate media, using a Radiometer 


eombined glass and calomel electrode, and a Radiometer 


774 





Fig. 1 pace filling models of [MMe,trenH,O]2* (a) and 
[MtrenH,O]}?* (b). 


PHM4 or PHM26 pH meter. Sodium hydroxide was added with 
an Agla microsyringe. Complex solutions were prepared in 
carbon dioxide-free water by the addition of equimolar amounts 
of metal perchlorate salt and polyamine ligand solution; 
except when the solid complex [MMe,trenC10,]C10, (M = Ni, 
Co, Cu) was used directly. (The titration data were consistent 
with rapid dissociation of the coordinated perchlorate to pro- 
duce [MMe,trenH,O]?+ upon dissolution.) Titration curves 
were corrected for the concentration of uncombined hydroxyl 
ion by reference to a titration of 1M sodium perchlorate alone. 
Apparent pK values were calculated from plots of pH against 
log ([salt]/[acid]) by a least squares regression analysis. Each 
complex was titrated in duplicate at 288 K, 298 K and 308 K 
thus facilitating the computation of AH? and AS? for the proto- 
lysis reaction. The results obtained are summarised in Table 1. 

In Fig. 2 the pK (298 K) values for the [MtrenH,O]?+ and 
[MMe,trenH,O]** series show similar dependences upon the 
nature of the central metal ion, the general trends in which 
persist for each series over most of the solution liquid range as 
indicated by the thermodynamic data. The pK for six coordinate 
[Ni tren(H,O),]*+ cannot be strictly compared with those of its 
five coordinate cobalt, copper and zinc analogues. The titration 
data, however, show the first pK for this species to“be greater 
than 11.0, and this datum is shown by the broken box in Fig. 2. 
The M-Br bond distances!* for [MMegttenBr]* are also plotted 
in Fig. 2 and there exists a strong similarity between the depen- 
dence of these distances upon the metal ion (which has been 
explained in terms of d orbital occupancy!) and the variation 
in pK values exhibited by the [MMe,trenH,O]** series. On the 
assumption that the M—OH, distances exhibit a similar variation 
it would seem that increasing metal ion attraction for the 
coordinated water molecule results in a decrease in pK. It is 
noteworthy that there is no correlation between pK value and 





Table 1 Apparent thermodynamic data at 298 K for the acid dissocia- 
tion of a single water molecule coordinated to tren and Me,tren 


complexes 

Complex pK + (.e.) AH’ + (s.e) AS® + (s.e.) 
kJ mol? © JK mol? 

[Co trenH,O}?* 10.224 0.01 $ 0942.7 *—192.74+ 9.1 
[Cu trenH,0O]?* 9.37 + 0.01 —13.6 + 1.9 -225.0 + 6.4 
[Zn trenH,O}?* > 10.26 + 0.02 +11.9 4 1.9 —156.5 + 6.4 
{CoMe,trenH,O]}**+ 8.80 + 0.04 +33.9 4 1.9 — 54.5 + 6.4 
[NiMe,trenH.O]*+ 9.53 + 0.01 +33.9 + 1.9 — 68.7 4 64 
{[CuMe,trenH.O}?+ 8.52 + 0.01 +28:8 + 1.9 — 66.5 4 6.4 

- [ZnMeętrenH,O]?+ 9.00 + 0.01 +49.2 + 1.9 — 7.2 + 6.4 


av ee 
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any of the M-N distances?’ in the [MMe,trenBr]* series. 

The pK variation between the [MtrenH,O]?+ and 
[MMe,trenH,O]?* series might arise either because of differ- 
ences in the environment of the coordinated water molecule 
in each case, or because of differences in electron donation 
to the central metal atom between the -NH, groups of tren and 
the —N(CH,), groups of Me,tren, or a combination of these 
two factors. The crystal field splitting for [Co trenH,O]?+ has 
been shown to be greater than that of its methylated analogue??, 
and on this basis the greater electron donation to the metal ion 
in the [MtrenH,O]** series might result in a higher pK for 
these complexes than for the [MMe,trenH,O]*+ series. This is 
the trend observed and consequently it is evident that the pK 
variation cannot be attributed solely to variation of the local 
environment of the coordinated water molecule in the two series, 
although it seems that this last factor is of major importance. 

A reasonable linear free energy relationship (LFER) charac- 
terised by an isoequilibrium temperature of 269 + 16 K, exists 
(Fig. 3) for the thermodynamic data of Table 1. This LFER 
indicates that a single major factor accounts for the difference 
between the entropy dominated [MtrenH,O]**+ pK values and 
the enthalpy dominated [MMe,trenH,O]2+ pK values. The 
systematic displacement of the data about the LFER regression 
line is a consequence of AH? and AS° becoming increasingly 
positive in the order Cu'< Co < Zn for both series of com- 
plexes, and indicates the specific metal ion perturbation of the 
major LFER relationship. The isoequilibrium temperatures for 
the isometallic [MtrenH,O]*+ and [MMe,trenH,O]*+ pairs are 
239 K (Co), 261 (Cu) and 250K (Zn). 

The thermodynamic differences between the two series of 
complexes are summarised in Table 2. If, following the method 
of Hepler”, AH?” and AS° are considered as sums of internal 
contributions, arising from interactions within the metal 
complexes, and external contributions arising from interactions 
between the complex and the solvent, one may write: 

AR? = AH?’ in, + AH ext 
AS? = AS’ int T AS ext 


11.0 


pK 


, Co b bg Ni Cu Zn 
$ 
Fig. 2 Apparent pK values of [MtrenH,O]** (@) and [MMe,- 
trenH,O]?* (©); and the M-Br distances in [MMe,trenBr]* 
(@) when M = Co, Ni, Cu and Zn. 
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Further, Pitzer? has shown that for the dissociation of a weak 
acid AS*,,, © 0. Thus, the differences in AS° between equivalent 
members of the two series of complexes are most probably 
entirely due to differences in’ the external contributions to the 
standard entropies of protolysis. Examination of Table 2 
shows that the values of AS? me, tren — AS’ tren are very similar 
for Co, Cu and Zn; indicating that the differences between 
{MtrenH,O]*+ and [MMe,trenH,O]** are caused by a similar 
change in environment for each metal. 


Table 2 Differences in apparent thermodynamic quantities between 
Me,tren and tren complexes 


Metal PKmes tren AH’ Mes tren AS Mmes tren 
—pKtren —AH° tren — AS" tren l 
Co — 1.42 33.0 (+ 4.6) 138.2 (+ 15.5) 
Cu —9.85 41.4 (+ 3.8) 158.5 (4 12.8) 
Zn —1,26 37.3 (+ 3.8) 149.3 (4 12.8) 
60 
40 
t 
© 
& 
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Fig. 3 The linear free energy relationship for the protolysis of 
[MMe,trenH,O]?+ (upper set of points) and [MtrenH,O]?* 
(lower set of points) when M = Co, Ni, Cu and Zn. The error 
estimates were calculated by the method of Mandel and Linnig??. 


The most probable environmental difference between 
{[MtrenH,O]?+ and [MMe,trenH,O]** is in the degree of order- 
ing of solvent water molecules close to these complexes. It 
seems from two partly related considerations that the degree of 
solvent water ordering about [MMegtrenH,O]* is likely to be 
the greater. First, the surface of [MMe,trenH.O]**, ‘with the 
exception of the coordinated water molecule, is cofhposed of 
hydrophobic alkyl groups—a situation generally considered to 
engender the formation of an ordered ‘ice-like’ structure in 
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solvent water adjacent to such a surfacet®?? as is observed in 
the vicinity of the zinc atom in carbonic anhydrase’. By con- 
trast the hydrophilic amine groups of [MtrenH,O]?* seem 
unlikely to affect the adjacent water structure significantly’. 
Second, the charge density on the surface of the two complexes, 
particularly in the vicinity of the coordinated water molecule 
seems likely to be greater in the case of [MtrenH,O]**+ as this 
species is smaller (Fig. 1) and also because of the polarity of the 
amine groups. According to Frank and Wen”, large ions witha 
low surface charge density are surrounded by a layer of water, 
disordered to an extent approximately proportional to the 
charge density (region B in the terminology of Frank and 
Wen") as a consequence of two competing influences; the ionic 
charge solvent water dipole interaction, and the structural 
orientating influence of neighbouring bulk water molecules 
acting upon solvent water molecules adjacent to the ion. It 
seems that as a result of its greater surface charge density and 
because of the hydrophilic nature of the amine groups, solvent 
water adjacent to [MtrenH,O]** will be less ordered and the 
decrease in entropy greater upon protolysis than will be the case 
for [MMe,trenH,O]*+ consistent with the observed trend in 
AS*, 

These conclusions lend some support to the suggestion that 
the low pK values for the coordinated water molecule in carbonic 
anhydrase? and also for other weak acid groups conjugated to 
proteins? are, in part, a consequence of their hydrophobic 
environment. It should be noted, however, that the systems 
studied here are structurally simple and that the relative 
importance of hydrophobic effects in these systerns may differ 
considerably from the importance of such effects in the protein 
systems. 
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Prolongation of skin allografts after 
oral application of ALS in rats 


THE potency of anti-lymphocytic serum (ALS) in prolonging 
skin allografts has been well investigated. Four different routes 
of administration are being used: intravenous’, intraperitoneal?, 
intramuscular? and subcutaneous*. Every route has its own 
advantages and disadvantages from the immunological and 
clinical point of view and these have been discussed elsewhere®'®, 
Oral application of ALS was never tried because it was assumed 
that intact proteins like gamma globulins are enzymatically 
metabolised before they pass through the intestinal wall. But 
we shall demonstrate, that even oral application of ALS can 
prolong the survival time of skin allografts. 
' Two different series of experiments were performed, using 
altogether 65 white male colony-bred Sprague-Dawley rats, 


weighing 250 g. All animals were grafted with skin from black — 


inbred BID-6 rats. In the first series, animals were fed 1 ml ALS 
daily, until graft rejection was completed and controls were fed 
with normal rabbit serum (NRS). In the second series animals 


were treated orally with 1 ml ALS or 1 ml NRS on days 1,3 ` 


and 5, only. Feeding was by a polyethylene tube placed into 
the stomach. The effect of oral ALS application was compared 
with the effect of intraperitoneal administration of ALS or 
NRS. One group of-rats remained entirely untreated. For 
statistical analysis mean values, standard error of the mean 
(s.e.m.), and P values according to student’s ¢ test were cal- 
culated. 

ALS was produced in rabbis by ‘two pulse’ injection of 
lymphocytes from the thoracic duct and thymus of rats. The 
first pulse was applied together with complete Freund’s ad- 
juvant. The lymphocytotoxic titre of ALS was 1 : 64, and the 
-haemagglutination titre 1:4, after one absorption with ‘rat 
erythrocytes. ALS and NRS both had a protein concentration 
of 50 mg ml". 

The results are set out in Table 1. The mean survival time 
(MST) of skin grafts in rats without any treatment was about 
10 d. Intraperitoneal as well as oral application of NRS did 
not prolong the MST of skin grafts significantly (P < 0.1). As 
expected, i.p. administration of ALS either every day or just 
on days 1, 3 and 5 increased the MST of skin allografts signi- 
ficantly (P < 0.001). But the daily oral application of ALS also 
prolonged the MST to 26.5 + 1.9 d; this was 13'd longer than 
that for control animals treated in the same manner with NRS. 
When the high dosage of ALS of 1 ml daily was reduced to 
1 mi on days 1, 3 and 5, this caused a decrease of the MST 
. from 26.5 + 1.9 d to 23.4 + 1.8 d. Nevertheless, skin allografts 
survived significantly longer (P < 0.001) after oral application 
of ALS then after oral application of NRS, the difference 
being 10 d. 


Table 1 Prolongation of skin allografts after oral and i.p. application 


of ALS ~” 
Group No. Treat- Route Dose MST* + Median ~ 
ment (i ml) s.e.m. (d) STH (d) 
Series 1 
1 ' 9 ALS oral Daily 26.5+1.9 23.8 + 1.4 
2 -6 NRS oral Daily 13.6 -+ 1.7 10.3 + 0.3 
Series 2 
3 * 10 ALS oral ae 23.4 + l. 8 19.2 + 1.9, 
4 7 NRS oral Days 13.1 + 0.6 12.2+0.75 
153, 
Controls 
5 9 ALS i.p. Daily 31.7 + 1.2 28.5 + 1.2 
6 5 NRS i.p. Daily 12.8+1.1 11.0 0.5 
7 10 ALS ip. “ n 18. z 0.3 17.8 + 0.2 
8 5 NRS ip Bays 10.6+0.3 9.60.3 
9 4 — — 2" 101402 9.6402 


ee ed 
* Mean survival time. 
t Median survival time. 
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The oral route of application seems to be less effective than 
the i.p. route when ALS is given daily. The i.p. application of 
ALS on days 1, 3 and 5 prolonged the MST of skin allografts 
only to 18.6 + 0.3 d, whereas after oral treatment, allografts 
were rejected after 23.4 + 1.8 d. A statistical analysis, however, 
does not show significant differences between the groups. 

The prolongation of skin allografts after oral application of 
ALS contradicts the generally held opinion that gamma 
globulins are metabolised on their way through the gut by 
digestive enzymes’’®. Providing the effect of ALS depends on an 
interaction with lymphocytes or with the graft, the significant 
prolongation of the MST after oral application can be explained 
by a partial absorption of intact protein molecules. Since BSA 
(refs 9 and 10), horseradish peroxidase!’ or kallikrein are known 
to be absorbed without biochemical or immunological alterations 
the absorption of intact gamma globulin is perhaps not sur- 
prising. The alternative hypothesis, that orally administered 
ALS causes lesions in the intestinal wall which allow protein 
molecules to leak through, is made highly improbable by 
histological and macroscopic observations on the intestine. 
It is, nevertheless, conceivable that ultrastructural changes in 
the gut wall facilitate the penetration of unaltered gamma 
globulins. It is also possible that lymphocytes normally invading 
the lumen of the gut!” are exposed to ALS there. By this means 
ALS might reduce the absolute number of lymphocytes without 
penetrating the intestinal wall. 

Preliminary studies in rats and dogs have shown that it is 
possible to detect xenogeneic globulins in the blood of recipients 
using Ouchterlony’s technique and Sephadex radiochromato- 
graphy, following oral application of ALS. It is therefore 
possible that a proportion of unaltered gamma globulins does 
pass through the intestinal wall. But rats have less proteinase 
in their gut than dogs and man; this means that ALS is meta- 
bolised less in the small intestine of rats than in that of humans. 
Consequently, more ALS might be absorbed in rats and this 
may explain the success in Prolonging skin allografts after oral 
treatment. 

Apart from this theoretical: interest, the oral route may - 
become important for the clinical application of ALS, because 
the antibody production of orally treated animals seems to be 
markedly reduced. Whereas the i.p. application of ALS causes 
the formation of precipitating anti-horse serum protein anti- 
bodies in all recipients, oral administration causes precipitating 


antibodies in only 10% of rats after 14 d of treatment. 


We thank Professor L. Brent for criticism. 


J. SEIFERT 

J. RING 

W. BRENDEL 
Institute for Surgical Research, 
Surgical University Clinic, 
8000 Munich 2, Federal Republic of Germany 
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The Mechanism 
of Photosynthesis 


C. P. Whittingham 


The dearth of literature covering the biochemistry 
of photosynthesis has prompted the author to put 
into perspective all aspects of present research. 
He provides a general view of existing knowledge 
of the mechanism of the process, as obtained 
from research in such related sciences as' bio- 
chemistry and physical chemistry. 


Cloth £3.80 net. Paper £1.90 net. 


New Second Editions of 
Three Weil Known Titles 


Principles of 
Animal 
Physiology 


Dennis W. Wood 


An introductory text which does not distinguish 
between ‘general’ and ‘comparative’ physiology, 
the emphasis is placed ‘on cellular physiology and 
the physiology of nerve and muscle and of co- 
ordination. 

Cioth £6.50 net approx. Paper £3.25 net approx. 
Probable publication September. 


The Biology 
of Lichens 


Mason E. Hale 


This is the only unified treatment of lichens avail- 
able. Emphasis is placed on current areas of 
research including ultrastructure, physiology, bio- 
chemical taxonomy, ecology and chemistry. 

Cioth £5.00 net approx. Paper £2.50 net approx. 
Probable publication August. 


A Biologist’s 
Physical 
Chemistry 


J. Gareth Morris 


This book is designed as an aid to under- 
graduates’ understanding of the application of 
the physico-chemical ‘principles to biological 
situations. This edition is in Si units and tha 
second chapter ‘Units and their usage’ has been 


entirely rewritten. 
Paper £2.40 net. 


‘Cloth £4.80 net. 
Edward Arnold: 


25 Hill Street London W1X 8LL 








- Molecular 
-Biology 


_reprinted. as’ a separate: publication. First 


published in the issue of 26th April 1974, 


“~ “Molecular Biology Comes of Age’ looks 


| the original 


back:.on the circumstances surrounding 
appearance in Nature of 
Watson’ and Crick’s révolutionary paper 
on the double helix structure of DNA in 
1953. ~ It discusses the development in 


‘Molécular Biology up to the present day 
ECR CEC prospects forthe future. Among 


the distinguished contributors are Crick, 
Pauling and Chargaff. 

‘Molecular Biology Comes of Age’ takes 
‘a fascinating.and critical look at a very 
controversial. area of study and will there- 
fore. be of special. interest to teachers and 
students as: invaluable background 
‘material. ` 


“Reprints of ‘Molecular Biology Comes of 


Age’ are now ,available in multiples of 


. five copies at £1. 10 surface mail, or £2.00 


airmail (10 copies £2.20 or £4.00 and pro 
rata). Please order copies by completing 
the order form below and returning it with 


_ the appropriate fee. 


* Circulation Department, Macmillan Journals Limited, Brunel Road, 


Basingstoke, Hampshire RG2t 2XS. 


Please send me......................copies of ‘Molecular Biology Comes of 
Age’, by surface mail/airmail (delete whichever is not applicable). 


| enclose £... 


(Payment may be made in any currency at the current exchange rate. Orders 
must be accompanied by remittance. Cheques should be made payable to 
Macmillan Journals Limited.) 


Ñ Zip/Postal Code... 


Registered No: 785998 England. Registered Office: 4 Little Fasex St, London WC2R 3LF 
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Koch- Light’s ‘new’ Old Master 


This is the 12th edition of the Colourful Metabolic Pathways Chart, with more than 500,000 
copies distributed over the years to the biochemical world. No. 12 has some particularly worth- 
while new features, but still retains its familiar—easy to understand—basic structure. The 
inter-relationships of metabolism, particularly those of carbohydrates, fats, and amino acids, 
are clearly shown. 

60 new compounds have been added. Lipid metabolism has been expanded; and several 
carotenoids and water-soluble vitamins—including visual pigments—incorporated. Back again 
(by ‘popular demand’): the folic acid C-1 pool. Another important new feature: the inclusion 
of Enzyme Commission (E.C.) reference numbers, which simplifies the identification of the 
many enzymes involved. Once again the designer responsible for this latest Old Master is 
Dr. D. E. Nicholson of Leeds University. 


Please forward (indicate quantity in box) 


Large 40” x 30” Chart@ £1.15p........ 


Compact 15” x 10” Chart (@ £0.35p each POSITION 
or £13.50p per 100 


‘Maps & Metabolism’ (explanatory booklet) 
by Dr. Nicholson (@ £0.28p....... 00... 


‘Inborn Errors of Metabolism’ Chart a £0.36p 


NAME 


ORGANISATION 
ADDRESS 


“Regulation of Metabolism’ Chart (a £0.36p.... = 
| enclose total remittance of £ p payableto Koch-Light Laboratories Ltd. 


Koch-Light Laboratories Ltd. 


Colnbrook SL3 08Z, Bucks., England. Telephone Colnbrook 2262. Telex 84-8103 
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matters arising 


` Nonradioactive silver 


Sin,—-Lindner ef al.’ described the 
detection of small amounts of radio- 
active silver isotopes ("Ag and *°"Ag) 
in silver bars from an eastern European 
source. They suggested that the activity 
may have originated from any one of 
several causes: nuclear mining, that is, 
the breaking up of rock before the 
removal of the ore, using nuclear 
explosions; neutron irradiation of the 
ore after it was mined; the introduction 
of silver isotopes into the melted silver 
during processing; or irradiation of the 
silver bars. 

Another possibility has been sug- 
gested by Boyle’. An intimate contact 
of silver, uranium and light elements 
such as boron, might produce, through 
(a, n) reactions, enough neutrons to give 
measurable events of Ag ™™Ag, 
This phenomenon could occur in 
uranium deposits of the vein type, 
which are found in eastern Europe. 

We have checked this speculation by 
counting specimens of silver ore 
collected from the Echo Bay Mine (near 
Port Radium), Great Bear Lake, 
Canada’. Ore samples from this vein- 
type uranium deposit included two 
pieces of massive native silver mined 
from uraninite-rich areas of the 302 
Stope, and a third sample from an 
occurrence of pitchblende, 206A W 
Drift in the mine, containing veinlets 
of native silver. The first two samples 
were counted directly but in the latter 
case the silver was separated from the 
ore by dissolution in nitric acid. The 
silver was therefore in intimate contact 
with the pitchblende until a few hours 
before it was counted. 

For counting, a 70 cm? Ge(Li) y-ray 
detector and multichannel analyser were 
used. The sensitivity was 10 nCi, the 
same as that of the Nal(TI) detector 
used by the Dutch workers. Since we 
did not possess an anticoincidence array, 
we were compelled to count for several 
days in order to achieve this. In all three 
cases there was no measurable Ag or 
um Ag in the samples. On the basis of 
the Dutch work, we would have 
expected to have detected as much as 
3 uCi, 

We conclude that, at least for our 
samples, uranium does not produce 
significant activity in the silver asso- 
ciated with it. In view of the calculated 
low neutron flux’, this is not surprising. 
Our conclusion can probably be applied 
to similar ore bodies, 


R. W. Boyle (personal communica- 
tion) cannot find any reported nuclear 
detonations which correlate with the 
time of origin of the activity as calcu- 
lated by the Dutch workers. We agree 
with their current view (personal com- 
munication) that the most likely source 
of the reported activity is the addition 
of silver tracer to the silver during some 
stage of the refining process. 

Yours faithfully, 
N. E. WHITEHEAD 
B. W. ROBINSON 
Institute of Nuclear Sciences, 
Department of Scientific and 
Industrial Research, 
Lower Hutt, New Zealand 
1 Lindner, L., Brinkman, G. A., and 
Schimmel, A., Nature, 240, 463 (1972). 
2? Boyle, R. W., Nature, 243, 460 (1973). 


? Robinson, B. W., thesis, Univ. Alberta 
(1971). 


Great Glen Fault 


Sr, —Detailed mapping of the regional 
metamorphic pattern of the central 
and northern Highlands has led to the 
conclusion that a post-metamorphic 
sinistral shift of 160 km must have 
occurred along the Great Glen Fault’. A 
reappraisal of the considered data sug- 
gests, however, that the proposed shift 
probably represents a minimum esti- 
mate; a displacement of 200 km would, 
for example, fit the data equally well 
but even this figure cannot be taken as 
a reasonable upper limit of possible 
strike-slip movement. 

The most likely northward continua- 
tion of the Great Glen Fault is through 
the Walls Boundary Fault in Shetland’. 
This provides a slight curvature in the 
fault line which seems to have an im- 
portant geophysical bearing on the 
displacement problem. Thus, it can 
be shown’ that a certain discordance 
in Devonian palaeomagnetism across 
the Great. Gien Fault can be fully ex- 
plained by incorporating a late or post- 
Devonian sinistral shift of at least 
about 200 km. At present, palaeomag- 
netic results cannot be used to set an 
upper limit of the actual movement 
but a displacement of at least 250 km 
is possible. What is really important at 
this stage, however, is to stress that a 
geophysical and a geological method 
have both led to practically identical 
palaeogeographic reconstructiop * of 
Scotland, which involve a transcurrent 
‘movement, at least twice as large as 
previously suspected along the Great 
Glen Fault. Consideration of the 


lower age limit of this movement (pro- 
vided by palaeomagnetic results) seems 
to indicate that the Strontian and 
Foyers granites (K/Ar ages of around 
400 Myr, ref. 5) never formed part of 


the same intrusive complex. 


Yours faithfully, 
K. M. STORETVEDT 
Department of Geophysics,® ° 
University of Bergen, Norway 


t Winchester, J. 
246, 81 (1973). 

* Flinn, D., Geol. J., 6, 279 (1969). 

3 Storetvedt, K. M., Geol. Mag., 111, 23 
(1974). 

+ Waage, H. L., and Storetvedt, K. M., 
Z. Geophys., 39, 937 (1973). 

* Miller, J. A., and Brown, P. E., Geol. 
Mag., 102, 106 (1965). 


A., Nature phys. Sci, 


Dr WINCHESTER replies: Storetvedt’s 
comments are very welcome. The 
suggested displacement of 160 km was 
chosen as the optimum fit of the meta- 
morphic patterns in the opposing 
blocks. A precise metamorphic zonal 
correlation across the fault is not pos- 
sible because on opposite sides of the 
fault, Moinian rocks are concealed be- 
neath Devonian sediments east of 
Inverness, and beneath Tertiary vol- 
canics in Mull. The zonal pattern may 
therefore be extrapolated across these 
areas to fit a post-metamorphic dis- 
placement of between 140 and 200 km 
along the Great Glen Fault, before it 
becomes impossible to match without 
requiring an unjustified warping of the 
metamorphic pattern adjacent to the 
fault. A displacement of 250 km is 
therefore not supported by the meta- 
morphic evidence. It is significant, 
however, that the maximum displace- 
ment allowed by the metamorphic 
pattern, and the minimum shift indi- 
cated by Storetvedt’s palaeomagnetic 
work should agree so well. 


University of Durham 


McCollough 
colour after effect 


Sirn,—McCollonugh* demonstrated a 
striking, long lasting colour after 
effect. Observers adapted (2-4 min) to 
a vertical grating of black and orange 
stripes alternating with a horizontal 
grating of black and blue stripes. 
Thereafter a pattern made up of a 
black and white vertical grating and 
an adjacent horizontal grating 
appeared tinted with colours comple- 
mentary to the adapting colours. The 
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vertical grating appeared blue-green 
and the horizontal grating appeared 
orange. 

Piggins and Leppmann’ repeated 
the McCollough-type experiment with 
the adapting pattern stabilised on the 
retina by the conventional contact lens 
method. They were unable to build 
up the after effect with a stabilised 
image. They concluded that the eye 
must scan the adapting pattern to gen- 
erate the after effect, and explanations 
of the after effect must include ‘image 
motion mechanisms’. 

Our experiments show that the after 
effect requires no retinal image motion. 
Four ,observers adapted to a high con- 
trast sine-wave grating of two cycles 
per degree flashed on an oscilloscope 
field ` that was 12° in diameter. The 
observer carefully fixated a tiny light 
in the centre of the field and then 
pressed a button which presented a 
stationary grating for one 9 ms sweep. 
Tihe luminance of the P4 white phos- 
phor, as measured with a 1P22 photo- 
tube, fell to 1/e of the peak value in 
1 ms. The field was dark between 
flashes. The grating was presented in 
a different, random position on each 
flash and could be vertical or horizon- 
tal. When vertical, it was viewed 
through a Wratten 30 magenta filter 
_ (or a Wratten 11 yellow-green filter) 
and when horizontal, through the 
yellow-green filter (or magenta filter). 
The mean luminance of the gratings 
through the filter was about 4 cd m~. 
The observer presented himself with a 
grating about every second for a total 
of 2,000 times. Every 50 flashes, the 
grating changed orientation and 
colour. After effects were built up to 
counter any initial colour bias that the 
observer reported while viewing black 
and white test gratings before adapta- 
tion. 

All observers saw weak McCollough 
after effects of pink and green on a 
test pattern consisting of adjacent ver- 
tical and horizontal square-wave grat- 
ings of two cycles per degree. The 
pattern was viewed in fluorescent room 
light. The colours were more pro- 
nounced when the mean luminance was 
reduced considerably—from 100 to 
0.1 cd m7, 

Retinal image motion during adapta- 
tion cannot be completely ruled out in 
this experiment. It has been shown,’ 
however, that movements greater than 
1 min of arc are very unlikely during 
attempted fixation of a target which is 
exposed for less than 20 ms, and the 
retinal image is virtually stationary for 
exposures less than 10 ms. The second 
experiment eliminates even these tiny 
retinal image movements. 

High contrast vertical and horizon- 
tal square-wave gratings of two cycles 
per degree were placed on a diffusing 
screen to form two fields 9° in diameter. 


L] 

These patterns were illuminated from 
the rear by Grass photo-stimulators 
rated at about 10° candles. Measure- 
ments showed that the flash lasted 
less than 60 as. The lights did not 
appear bright, and the after image they 
produced lasted 1 or 2 s. Four observers 
viewed the vertical grating through the 
magenta filter and the horizontal grating 
through the yellow-green filter. To 
spread the adaptation evenly over the 
retina, four tiny lighted fixation points 
were placed on each grating, separated 
by phase angles of 90° with respect to 
the fundamental period of each grating. 
The observer triggered the flash about 
every 2 s while fixating one of these 
lights. Each fixation light was fixated 
equally often. Total adaptation was 200 
flashes, with alternation between the 
vertical and horizontal grating every 20 
flashes. 

All observers reported seeing the 
McCollough effect, which was very 
evident. The colours were still seen 
30 min after adaptation. This experi- 
ment shows that no retinal image 
motion is required to build up the 
McCollough effect. Our method of 
stabilising the image has the advantage 
over the contact lens method in that 
the image does not fade over time, and 
is thus a potent stimulus. 

Retinal image motion is thus not 
required for the- McCollough effect. 
Flashed gratings and gratings stabilised 
by the contact lens method might well 
cause movement mechanisms to fire 
and thus adapt. But the optimal 
stimulus for these mechanisms is a 
pattern moving in a specific direction. 
Thus, these experiments tell us nothing 
about movement mechanisms. It is 
possible, however, to generate Mc- 
Collough effects selective to the direc- 
tion of motion*’ 

We thank Professor Karl Pribram 
and Professor Leo Ganz for support. 

C. F. STROMEYER III 
B. W. Dawson 
Psychology Department 
Stanford University 
Stanford, California 94305 


* McCollough, C., Science, 149, 
(1965). 

? Piggins, D. J., and Leppmann, P. K., 
Nature new Biol., 245, 255 (1973). 

* Riggs, L. A,, Armington, J. C., and 
Ratliff, F., J. opt. Soc. Am., 44, 315 
(1954). 

* Hepler, N., Science, 162, 376 (1968). 

5 Stromeyer, C. F., III, and Mansfield 
(1970 ie Percept. Psychophys., 7, 108 


Mouse granulocyte precursors 
and multiple sclerosis 


Stk,—Brown and Gajdusek? have re- 

cently reported failure to reproduce the 

suppression of peripheral bfood grany- 

locytes which „was described’ in mice 

following inoculation of material from 

patients with miyltiple sclerosis (MS). 
® 
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We have also studied the effect on 
groups of ten weaning C57BL and CBA 
mice of intraperitoneal inoculation of 
0.2 ml serum or brain extract (prepared 
as in ref. 2) from patients with MS. In 
agreement with Brown and Gajdusek, 
we found no differences in peripheral 
blood granulocyte levels up to 35 d after 
inoculation between mice inoculated 
with MS material, normal human 
serum, normal human brain or saline. 

We used the agar culture technique 
for granulocyte-macrophage colonies’ 
to enumerate granulocyte-macrophage 
precursor cells (colony-forming cells, 
CFC) in the marrow and spleen of 
inoculated mice, and in addition mea- 
sured serum levels of the myelopoietic 
colony-stimulating (CS) factor*. Table 
1 shows that 34 d after inoculation of 
MS brain extract into groups of 5 
weanling CS57BL mice there was no 
depression of pranulopoietic potential 
compared with similar mice given 
normal brain extract or the medium 
used to prepare the extracts. 


Table 1 Colony-forming cells after inocu- 
lation of normal and MS brain. 


CFC CFC Serum 
per £ 
Material femur 10° activity 
inoculated (x 107°) spleen 
leukocytes 
Medium 42417 25+15 10+ 7 
Normal brain 45+10 19+ 8 8+ 5 
MS brain 61+ 6 164 7 154 7 


In this experiment the mice inoculated 
with MS brain actually showed a statis- 
tically significant increase in CFC per 
femur (but not in spleen which is usually 
a more sensitive indicator of changes in 
CFC populations) compared with the 
mice given normal brain (0.01 > P 
> 0.005). No consistent differences in 
any of these parameters were found, 
however, between MS serum-inoculated 
mice and controls when tested in both 
C57BL and CBA strains. 

We thank Dr J. H. D. Millar for sera 
from his MS patients, Dr Margaret 


Haire for specimens of normal and MS 


brain and the Medical Research Coun- 
cil for financial support. 
-~ Yours faithfully, 
T. A. MCNEILL 
M. KILLEN 
i A. TRUDGETT 
Department of Microbiology 
and Immunobiology, 
The Queen’s University of Belfast, 
Northern Ireland — 


* Brown, P., and Gajdusek, D. C., Nature, 
247, 217 (1974). 

A Carp, R. I, Licursi, P. C., Merz, P. A., 
and Merz, G. S., J. exp. Med., 136, 
618 (1972). 

3 Metcalfe, D., and Moore, M. A. S., 
Haemopoietic cells (North Holland, 
Amsterdam, 1971). 


* * Metcalfe, D., Aust. J. exp. Biol. med. 


Sci., 50, 547 (1972). 
" McNeill, T, A., Fleming, W. A., Mc- 
Clure, S. F., and Killen, M., Immun- 
Sloe. 25, 9] (1973), 
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book reviews 





General relativity 


Gravitation. By C. W. Muisner, K. S. 
Thorne, and J. A. Wheeler. Pp. xxvi+ 
1279. (Freeman: San Fransisco and 
Reading, December 1973.) £19.20 
boards; £8.60 paper. 


IN most cases it is probable that, if 
a scientific discovery had not been 
‘made by the person normally credited 
with it, it would have been made by 
someone else within a few years. There 
is one notable exception te this gen- 
eral rule: had Einstein died before 
1916, the world would have probably 
had to wait another 50 years or so 
for the General Theory of Relativity. 
In fact Einstein was ahead of his 
time: after an initial burst of activity 
in the 1920s, there was .very little 
work on the theory until about 1960. 
This neglect was caused partly by the 
belief that the theory was too com- 
plicated to allow predictions to be made 
in any but the simplest cases and 
partly by the fact that there did not 
seem any prospect of comparing the 
predictions with observation apart 
from the three famous Solar System 
tests which Einstein himself proposed. 

During the period 1920-1960 the 
most exciting field of physics seemed 
to be quantum theory. The success of 
quantum electrodynamics led most 
physicists to feel that physics was 
Feynman diagrams. They distrusted 
general relativity because of its clas- 
sical and geometric’ nature. This dis- 
like of geometry is shown, for example, 
by the particle physicist Steven Wein- 
berg in the introduction to his other- 
wise excellent book Gravitation and 
Cosmology (John Wiley, New York, 
1972): “. . . too great an emphasis 
on geometry can only obscure the 
deep conncetions between gravitation 
and the rest of physics. ... I believe 
that the geometrical approach has 
driven a wedge between general rela- 
tivity and the theory of elementary 
particles”. 

But geometric insights have played 
an important part in many of the 
outstanding recent theoretical develop- 
ments such as black holes, space-time 
singularities and gravitational radia- 
tion. The answer therefore seems to be 
not to free general relativity from 
geometry but to teach geometry to 
physicists brought up on the normal 
ideas of special relativity; that is, to 
teach them to regard space-time as # 
differentiable manifold and not as a 
flat vector space. 

This is what Misner, Thorne and 


Wheeler have set out to do in their 
book. They have also endeavoured to 
give at least an introduction to those 
fields such as cosmology, gravitational 
waves, post-Newtonian effects in the 
Solar System, relativistic stars and 
black holes where general relativity 
is now, or is on the point of, making 
contact with the recent great advances 
in observation. All this combined with 
fairly large print and wide margins 
has produced a book weighing 6 
pounds. Because this is too long for 
most postgraduate courses on general 
relativity, the authors have divided the 
material into two tracks which are 
indicated on the top corners of the 
pages. Track 1, which is designed to 
accompany a one-semester course, 
gives an impressionistic overview of 
the theory and its applications but to 
perform any calculation one would 
really need to master -most of the 
Track 2 sections on the basic theory. 

The style is typical of the Prince- 
ton school (Misner and Thorne are 
former students of Wheeler at Prince- 
ton). It is aimed more at giving the 
reader an intuitive feeling for the con- 
cepts involved than giving a mathe- 
matically rigorous axiomatic account. 
Important results and other material of 
interest are displayed in boxes. These 
are generally helpful though they 
sometimes rather interrupt the text. 
The book is also well provided with 
exercises ranging from, easy to major 
research problems. These should be 
very helpful to students learning the 
subject. 

The authors’ research interests have 
obviously influenced the coverage of 
the book. There are very good sections 
on relativistic stars, black holes and 
experimental tests of relativity. On the 
other hand the section on cosmology 
is less detailed than that in Weinberg’s 
book and suffers from the ideological 
insistence that the Universe is spatially 
closed. The section on gravitational 
waves gives a good account of the 
generation and detection of gravita- 
tional radiation but does not mention 
the work of Bondi, Sachs, Newman 
and Penrose on the ‘peeling off’ of 
the curvature tensor, the Bondi mass 
loss formula and the Bondi-Metzner— 
Sachs group. These and the compara- 
tive neglect of spinors are the mein 
gaps in this book, which does not aim 
to describe in detail global result§ such 
as singularity theorems. Despite these 
omission$ the book is a major land- 
mark in the field and ‘is likely to be- 
come the most widgly used textbook 


and reference work on the subject. It 
is well printed and bound and the 
paperback version is cheap for a book 
of this size. 

S. W. HAWKING 


Radial parameters 


Ligand-field Parameters. By M. Ger- 
loch and R. C. Slade. Ppxii+235. 
(Cambridge University: Lofñdon, 
August 1973.) £5; $15. j 


ALTHOUGH many books exist dealing 
with the theory of transition-metal 
complexes, this one is welcome, since it 
treats the subject in a novel way. Other 
texts approach ligand-field theory 
through symmetry and group theory, 
being concerned with aspects of the 
subject determined by molecular sym- 
metry alone. This is a valid approach, 
but it is sometimes necessary to stress 
those parts of ligand-field theory where 
the molecular symmetry is less sig- 
nificant, and this is done here. 

For all systems, group theory can 
only give information on quantities 
dependent upon the angular properties 
of wave functions. Radial properties 
appear only as proportionality con- 
stants. Furthermore, complexes of 
lower than cubic symmetry are less 
amenable to group-theoretical treat- 
ment, needing large numbers of para- 
meters to describe the system. 

In this book stress is laid on calcula- 
tions of radial properties of regular 
octahedral and tetrahedral complexes, 
and the ligand-field parameters of non- 
cubic systems, thus rationalising per- 
tinent data on such complexes. A sum- 
mary of the role of symmetry in ligand- 
field theory is followed by a develop- 
ment of the crystal-field formalism, 
with a discussion of inter-electron re- 
pulsion parameters in- cubic systems. 
Treatment of the radial parameters in 
various complexes of lower symmetry 
follows, with emphasis on trends in the 
parameters Cp and Dą. 

The second half of the book seeks to 
interpret these radial parameters, cover- 
ing calculations of 70Dqą, and use of 
the point charge model and semi- 
empirical molecular orbital methods 
(especially the angular overlap model) 
in rationalising trends in Dg and Cp. 
The final chapter contains a discussion 
of the Nephelauxetic effect. 

The authors hope that the book will 
be useful to advanced undergraduates 
and young researchers; but although 
the treatment is sound and logical, the 
level of difficulty will probably prove 
to be too great for all save very few 
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undergraduates. Nevertheless, this is a 
very worthwhile contribution to a little- 
known aspect of an important area of 
chemical theory, which should be read 
by anyone with a serious interest in 
ligand-field theory. The book is well 
produced, with extremely few typo- 
graphical errors. 
G. DAVIDSON 


Bioengineer’s dreams 


Phloem Translocation. By M. J. Canny. 
Pp. x+301. (Cambridge University : 


London, November 1973.) £7.50; $22.50. 
THE question of how cells in phloem 
tissue, transport organic foodstuffs, 
viruses and other material from one 
end of a plant to the other, remains, 
tantalisingly, open. The nature of the 
movement and the force which drives 
it are still unknown. It is not even 
agreed about where in the pipelines any 
forces might be applied. 

The reasons for this ripe state of 
affairs, and suggestions for improving 
it, are set out in this lively book by 
Martin J. Canny, Professor of Botany 
at Monash University. 

It is now ten years since Professor 
Canny first proposed his own hypo- 
thesis or model to explain translocation. 
In the very first sentence of the preface 
he warns “This book is less a review 
of a field of plant physiology than a 
lengthy statement of a point of view 
about that field which, in the course of 
the argument involves the review of 
most of the work”. His point of view 
is that translocation behaves like diffu- 
sion but is faster. 

The angle of view in part one of the 
book (“The Experimental Facts”, 211 
pages) is wide. It gives an interesting, 
though sometimes closely argued 
account of the ups and downs of 
research into translocation; of the 
quantities translocated; of how the 
channel of movement was identified; of 
how patterns and rates of movement 
and gradients of concentration were 
studied; of the effects of temperature; 
of the nature of phloem exudates; of 
why functioning sieve elements are so 
difficult to examine and experiment 
with; and of what is known or contro- 
versial about their structure. In particu- 
lar Professor Canny discusses very fully 
how the distribution of radicisotopic 
tracers and their concentration profiles 
in the transport channels are related to 
various patterns of flow proposed to 
occur through sieve tubes. 

Part two (52 pages) is divided from 
part one by a group of 23 plates which 
contains 45 micrographs and photo- 
graphs and two line drawings. These are 
well chosen to illustrate the text and 
beautifully reproduced. 

In part two (“Towards a Mechan- 
ism”) Professor Canny outlines briefly 
various mechanisms which have been 


proposed to explain translocation, and 
discusses their drawbacks. He then 
describes his own model as he first 
based it, in 1962, on hypothetical mem- 
branes round transcellular strands pro- 
posed by Dr R. Thaine. But he goes 
on to say that “The prime objection to 
the model is that the strand structures 
it uses seem not in fact to be there, nor 
any such tonoplast-type membranes as 
were originally imagined as separating 
them from the sap”. Filaments, per- 
haps gathered together in bundles are 
all that appear in the electron micro- 
scope to warrant his highly sophisticated 
calculations, which have been criti- 
cised’*”’. He now seems to suggest that 
“accelerated diffusion” might be caused 
by flow within (and of?) 250A diameter 
tubular filaments, or within “small 
aggregates of them”, and driven by 
“mechanicochemical means”. I find 
flow through such filaments hard to 
believe; their resistance would surely 
be enormous’. Far-fetched models have 
an irritant value which provides much 
of the spark for research into transloca- 
tion. But they can become an entangle- 
ment. 

There are numerous useful tables, 
graphs, and drawings in the text. These 
provide essential information from 
many different sources for those who 
wish to make their own calculations 
about translocation, or try their hand 
at model building. The book has author 
and subject indexes, and a bibliography 
with more than 330 references. There 
are four short appendices. 

I found this a stimulating and 
thought-provoking book. It should be 
read by anyone who wishes to know 
more about translocation. It demon- 
strates vividly how enthusiastic specula- 
tion stimulates the search for hard facts. 

RICHARD JOHNSON 


* MacRobbie, E. A. C., Biol. Rev., 46, 
429-481 (1971). 


* Crafts, A. S., and Crisp, C. E., Phloem. 


Transport in Plants, 277 (Freeman 
San Francisco, 1971). 

* Weatherley, P., Physiol. Vég., 10(4), 731- 
742 (1972). 
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Bacterial envelopes 


Bacterial Membranes and Walls. 
Edited by Loretta Leive. Pp. xv+495. 
(Microbiology Series.) (Dekker: New 
York, December 1973.) $38. 


Ir is fashionable in some quarters to 
pretend that the prokaryotes are a 
spent force as research models in 
tiology. This collection of essays, all 
written by distinguished experts, might 
be rtad with great profit by those who 
promulgate or accept such Views. Chap- 
ters such as those by Mindic# on mem- 
branes, by Kaback on transport, by 
Luria on the cglicins, by Tomasz on 
@ 
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the uptake of DNA, by Pardee, Wu 
and Zusman on bacterial division and, 
despite its specialised title, certainly 
that by Ghuysen and Shockman on the 
biosynthesis of peptidoglycan (muco- 
peptide, murein) all embody principles 
of general biological importance. In 
particular the necessary confluence of 
those interested in DNA replication 
and nuclear segregation with those in- 
terested in cell envelopes, to tackle the 
fundamental biological problem of cell 
division, is illuminating. 

Although the subject of cell division 
is mentioned in the title of only one 
chapter, five out of the total of nine 
essays deal at lesser or greater length 
with it. Indeed, it might have been pro- 
fitable to put together a separate sec- 
tion of the book on this subject, taking 
and expanding the relevant sections 
from some of the other chapters. For 
example, the part of Ghuysen and 
Shockman’s article called “Relationship 
to Morphogenesis and Division” could 
well have stood on its own im such a 
section. This section would also have 
included the stimulating but maverick 
article by Henning and Schwarz which 
points its didactic finger in almost the 
opposite direction to several of the 
other chapters, as well as the thought- 
ful and cautious article of Pardee with 
its epilogue. This is not to criticise 
either the book or the editor who has 
persuaded her distinguished soloists to 
perform with such crystal clarity of 
tone, even though she did not integrate 
them into a consonant orchestra, had 
this been desirable. It is rather meant 
to emphasise unsatisfied intellectual 
hunger stimulated from the brief re- 
marks often made almost as asides by 
some of the authors. 


The generality of the title is a little 
misleading since some considerable 
lacunae exist. There are, for example, 
no serious considerations of energy 
metabolism, despite the siting of im- 
portant parts of the electron transport 
chain in membranes, no general or 
detailed ultrastructural studies, no bio- 
physical studies, nothing on the export 
of macromolecules other than DNA, 
and no serious study of the transport 
of ions. The latter might have allowed 
the supporters of the chemiosmotic 
hypothesis a fair chance to reply to 
Dr Kaback’s strictures on them. A 
brief mention of the t-forms of Gram- 
positive bacteria such as B. subtilis or 
Streptococcus haemolyticus might have 
given pause for thought to Henning 
and Schwarz in their considerations of 
the determinants of cell shape for, to 
adopt their style—if membrane, 
not mucopeptide formation, is alone 
shape determining how is it that un- 
stable t-forms of Gram-positive bac- 
teria totally without regular shape or 
division and without mucopeptide 
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rapidly revert to normally shaped bac- 
teria which divide regularly when 
penicillin, a quite specific inhibitor of 
one step in mucopeptide biosynthesis 
is removed from their growth medium? 
But this book is already nearly 500 
pages long and refers to some 1,400 
papers. 

References in the main text extend 
to 1972 and a short appendix at the 
end of the book improves this to 1973 
for some chapters; considering the pub- 
lication date of 1973 this is very satis- 
factory. It is beautifully produced, well 
indexed and singularly free of typo- 
graphical errors. Both the editor and 
the publishers are to be congratulated. 
I hope that Dr Leive may be persuaded 
to edit a second companion volume in 
this microbiology series that will deal 
with the subjects perforce omitted from 
the present one. The book is to be 
recommended to all those directly in- 
terested in cel] surfaces. Individual 
chapters could be suggested as supple- 
mentary reading to postgraduate and 
final year undergraduate students in 
biochemistry or microbiology, but the 
perusal of some more general books 
on bacteria and bacterial walls and 
membranes would be a_ necessary 
preliminary. 

HowarpD J. ROGERS 


Taxonomy of ferns 


The Phylogeny and Classification of 
the Ferns. Edited by A. C. Jermy, J. A. 
Crabbe and B. A. Thomas. Pp. xiv+ 
284. (Supplement No. 1 to the Botani- 
cal Journal of the Linnean Society, 
Vol. 67.) (Academic: New York and 
London, December 1973.) £9; $25. 


THIS is a collection of papers based on 
those presented at a joint symposium 
held in 1972 by the Linnean Society 
and the British Pteridological Society. 
The original programme has been ex- 
panded by the addition of three further 
papers, extensive reference lists and, 
judging by the concentrated factual 
content of some papers, additional de- 
tailed data. New approaches and tech- 
niques of the last 20 years have revealed 
errors and inadequacies of past taxo- 
nomic treatments without firmly 
establishing alternative classifications. 
In several of these papers the view is 
expressed that conclusions are tentative 
and await further critical investigations. 
It was the organisers’ stated intention 
therefore that the symposium should 
provide an opportunity to take stock 
of the present situation and provide 
stimulus and direction for further work. 
In this they will have at least partially 
succeeded, by inviting leading research- 
ers to give authoritative and up-to-date 
assessments in their own area of in- 
terest. Supported by detailed data and 
extensive bibliographies these add up 
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Fiddle-head of soft shield-fern Poly- 
stichum setiferum. 


to a useful reference book for the 
specialist pteridologist. 

But by basing the programme on 
the choice of speakers rather than on 
themes within the overall broad scope 
of the title, the programme lacks cohe- 
sion, and few of the papers are linked 
together in any way. As, furthermore, 
there is no record of any discussion 
which may have been stimulated by the 
papers, the reader is left with the im- 
pression that the unique feature of a 
symposium has been lost. 

On the dust jacket, there are the 
further claims that this is “a reference 
book to the cytology, anatomy, paly- 
nology, chemisty and gametophyte 
studies of the Filicopsida” and, making 
a curious distinction, ‘‘a valuable pur- 
chase for many botanists and plant 
physiologists”. These claims, perhaps 
those of the publisher rather than the 
editors, are misleading. The cytology 
is largely restricted to chromosome 
numbers, the anatomy and palynology 
occurs mostly as scattered references 
in papers on particular genera or fami- 
lies, and the gametophyte study takes 
no account of the effects of environ- 
mental conditions on the development 
of diagnostic characters, even though 
protonema and prothallus development 
is known to be particularly sensitive to 
such factors as temperature, light in- 
tensity and light quality. Several’ of 
the diagnostic characters discussed in 
Atkinson’s paper on the gametophyte 

eas an igdicator of family relationships 

can be induced or suppressed at will 

in, for example, Dryopteris species 

merely by changing the cultural con- 
2 
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ditions. Botanists (and plant physiolo- 
gists!) not already familiar with the 
ferns will find the several essentially 
traditional treatments of groups such 
as the dennstaedtoids, cheilanthoids, 
Oleandraceae, Thelypteraceae, Poly- 
podiaceae and Aspidiaceae of limited 
value. Several areas of more general 
interest such as serological and num- 
erical taxonomy, breeding systems and 
apomixis, developmental physiology and 
the ecological significance of phylo- 
genetic changes are omitted and the 
biosystematic approach is restricted to 
one paper by Lovis on the Aspleniaceae. 
Professor Manton comments that the 
production of phyletic schemesefor the 
Filicopsida involves every* discipline 
in botany, but this is not fully reflected 
in this book. 

Those with historical interests will 
enjoy tracing fern classification systems 
back to the time when it was commonly 
believed that fern spores collected on 
Midsummer’s Eve and placed in the 
shoe rendered the wearer invisible (see 
Shakespeare, W., Henry IV Part 1, 
act 2, scene 1, line 96 (1576). Also, 
botanists with any interest in taxonomy 
will find some of the more general 
papers worth reading, particularly 
those by Swain er al. on the possibilities 
for biochemical systematics in ferns, 
by Van Cotthem on the classification 
of stomatal types, by Lovis on the 
biosystematic approach in the Asplen- 
iaceae and by Wagner on future chal- 
lenges in fern systematics. Walker’s 
comprehensive survey of fern chromo- 
some numbers and Wood’s and the 
Tryons’ use of spore surface structure 
revealed by scanning electron micro- 
scopy may also be of some use to those 
working with other groups of plants. 

The limited success of this volume 
in achieving its secondary aims only 
emphasises the need for a general text 
on the biology of ferns to interest 
students in these fascinating plants and 
to re-educate those botanists whose 
impressions of the Pteridophytes are 
based on their past experience of un- 
imaginative teaching within a narrowly 
systematic context. 

A. F. DYER 


Petrol and polar bears 


Man, Nature and Ecology. By Keith 
Reid, J. A. Lauwerys, Joyce Joffe and 
Anthony Tucker. Pp.418. (Aldus, 
Jupiter: London, March 1974.) £3.95. 


Tuis large and lavishly illustrated book 
aims to give a background in ecology 
to the layman with an interest in 
doom. It is too diffuse to have a pro- 
found impact—the four authors cover 
ecology, anthropology, rare animals, 
and problems of population and re- 
sources. The layman who remembers 
his school biology and reads the news- 
papers will know much of it already. 
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The parts I found most interesting 
were those on the problems inherent 
in the use of pesticides, antibiotics and 
the products of the green revolution. 

The book ends with a list of sugges- 
tions for an ecologically virtuous life. 
Ironically one of the recommendations 
is to save paper by using both sides 
when writing letters: the authors don’t 
mention how many trees had to be 
felled to produce their book. 

GILLIAN MOORE 


Classify knowledge 


The Fabric of Knowledge: A Study of 
the Relations Between Ideas. By J. L. 
Jolley. Pp. 130. Duckworth: London, 
October 1973.) £2.95, 


THIS monograph will be of interest to 
anyone concerned with the problems 
of organising scientific or technical 
documents. It is more specialised than 
the title suggests, being an examination 
of the use of integrative level theory 
for the organisation of concepts in 
scientific and technical subjects. There 
are three parts. The first recounts the 
development of Mr Jolley’s ideas, the 
second supports them by means of set 
theory and the third is a brief sum- 
mary of previous ideas applied in the 
organisation of knowledge. 

The first section is the most satis- 
factory and least controversial. It 
should be read in conjunction with the 
account of similar work by the Classi- 
fication Research Group in Classifica- 
tion for a General Index Language, by 
D. J. Foskett (Library Association, 
1970). Despite the common. starting 
point there seem to be considerable dif- 
ferences of detail in the two sets of 
ideas. The levels identified are not 
exactly the same and their method of 
use varies: the CRG uses them for 
organising entity concepts only, where- 
as Mr Jolley includes all concepts. His 
semantic types used within the levels 
also differ from the categories used by 
the CRG. Unfortunately a full com- 
parison is not possible since Mr Jolley 
has not written at sufficient length to 
do himself justice. A lot more ex- 
amples would have helped to clarify 
the sometimes eccentric terminology 
and definitions that in themselves are 
inadequate for complete understanding. 

There is no reason to doubt the 
usefulness of Mr Jolley’s analysis, since 
it is based on many years of work in 
indexing consultancy. Even the set 
theory may be useful, but the exposi- 
tion here is difficult to understand. 
Whether it is really necessary is 
another matter: the CRG have man- 
aged without it. It could be that they 
have merely failed to make explicit the 
real theory underlying their work, but 
the experience with categories should 
be a warning against Mr Jolley’s claim 
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to objectivity. There are no generally 
accepted categories of reality, and their 
use in classification can only be judged 
pragmatically. The only way to be 
objective in the classification of ideas is 
to examine the nature of knowledge 
rather than the nature of some sup- 
posed objective reality. 

There seems little ground for Mr 
Jolley’s optimism about the extension 
of his theory beyond science and tech- 
nology. Integrative level theory relates 
to natural objects and there is no 
obvious reason why it should provide 
a structure for philosophy, history, 
religion or the arts. It is sufficient that 
it has a use in science and Mr Jolley’s 
work is welcome independent support 
for that of the CRG. Both his sug- 
gested pattern of ideas and the use of 
set theory are worthy of further 
research. 

D. W. LANGRIDGE 


Analysis 


Elementary Real and Complex Analysis. 
By Georgi E. Shilov. Revised English 
edition translated and edited by Richard 
A. Silverman, Pp. xi+516. (Mathe- 
matical Analysis: Vol. 1). (MIT: Cam- 
bridge, Mass. and London, 1973.) 
$14.95. 


Tuis translation, by R. A. Silverman is, 


' as usual, of high standard. The appear- 


ance of the book is good, the printing 
and accuracy so meticulous, that an 
error on page 223, where f(x)+h 
should read f(xot+A), comes as a shock. 
The book covers much of the analy- 
tical knowledge demanded of a mathe- 
matics graduate—real and complex 
numbers, vector functions, metric 
spaces, limits, convergence, elementary 
functions, the theorems of the calculus, 
Reimann (-Stieltjes) integrals, analyti- 
cal function theory (for piecewise 
smooth curves) and improper integrals. 
The chapters on limits (using directions) 
and improper integrals are probably the 
most refreshing. Functions of several 
variables, measure and Lebesgue in- 
tegration receive only passing reference. 
The author’s declared aim is an 
easier ‘Dieudonné’; nevertheless mathe- 
matical sophistication, and hard 
thought about abstract ideas, are de- 
manded of the reader particularly in 
the earlier chapters. This may prove a 
deterrent to weaker students, scientists 
and engineers for whom the book is 
also intended. There is a good collect- 
ion of examples, some normally ac- 
aorded theorem status, some difficult 
exen with the hints of the appendix. 
This is a scholarly book; carefully 


used it could provide a logical, inte- » 


grated and economic presentation of 
basic work. ° 
e MARGARET JACKSON 
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Domestic life in Africa 


Man and Woman among the Azande. 
Edited by E. E. Evans-Pritchard. Pp. 
197. 8 plates. (Faber: London, Febru- 
ary 1974.) £4.50. 


Str EDWARD EVANS-PRITCHARD died 
towards the end of 1973, and this is 
the last book to come from his pen. 
As such it is appropriate that in it 
he returns to the study of the Azande 
people of Central Africa, the group 
about whom he first wrote more than 
forty years ago and about whose 
thought he published his first major 
work. 

This book is a collection of Zande 
texts, some taken down in the 1920s, 
some written more recently. Evans- 
Pritchard links these with brief com- 
ments of his own, and in a few places 
discusses and clarifies obscure passages. 
He is always careful to allow his 
Azande informants to speak for them- 
selves and his editorial presence never 
prevents his reader from having to deal 
for himself with the complexities, con- 
tradictions and individualities of Zande 
thought and belief. 

Evans-Pritchard was a great and 
respected social anthropologist, and it 
is probably due to his eminence that 
he was able to publish this book, for 
it is hard to believe that a commercial 
publisher would risk issuing a series 
of native observations about the prob- 
lems and joys of domestic life if these 
were not supported by the name of such 
a famous author. But we must be 
thankful for that eminence, for it has 
made available a series of fascinating 
documents about the relations of men 
and women in a single exotic culture. 
Material such as this has rarely been 
published in book form before. 

One of the main qualities of this 
book is that it shows the almost-raw 
material from which anthropologists 
huild up their analyses and abstractions. 
Women quarrel, men complain, an 
informant recalls a story heard about 
a neighbour, an old man criticises the 
conduct of the young. All this is faith- 
fully and simply recorded here and it is 
left to the reader to make what he 
can of it. In some places he would 
clearly benefit from additional infor- 
mation or guidance from the editor, 
but this is not provided. To get the 
full worth of the book it is therefore 
necessary to read some of Evans- 
Pritchard’s other writings on the 
Azande; once this is done the mass of 
data about male/female relations can 
be used more profitably. 

In the final count anthropologists 
depend on the quality of their inform- 
ants. Evans-Pritchard, like Malinowski 
and others before him, always stressed 
the need to record information ver- 
batim; only in that way, he argued, 
could a true appreciation of native 
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ideas be developed. Although the texts 
published here are but a small propor- 
tion of those collected during his work- 
ing life, they reveal his skill at eliciting 
information and also his tact and 
sensitivity in allowing people to say or 
write what they wanted and not what 
would have best suited him. Rejecting 


analysis in his final works, he concen- 


trated on making known the views of 
those he studied; the present book is 
typical of this approach. Though one 
might wish for more of his own views 
and ideas, the work as a whole pro- 
vides a mass of interesting and valuable 
data. It is also a tribute to Evans- 
Pritchard’s lifelong fascination with the 
lives and ideas of other men and his 
deep respect for these in all their 
variety. 
M. D. McLeop 


Molecular sieves 


Zeolite Molecular Sieves: Structure, 
Chemistry and Use. By Donald W. 
Breck. Pp. ix+771. (Wiley: New York 
and London, January 1974.) £18. 


THERE have been several shorter 
monographs on particular aspects of 
zeolite chemistry and technology, 
mostly in Russian, and also several 
bibliographies. In 1968, 1971 and 1973 
volumes have appeared embodying the 
papers read in three international 
symposia on molecular sieve zeolites. 
But Dr Breck’s monograph is the first 
comprehensive text reviewing all as- 
pacts of zeolites except their catalytic 
properties. A second monograph is 
being considered which will cover this 
important area. I hope this will be 
completed in due course in the same 
comprehensive pattern. 

In the book under review the intro- 
ductory chapter is followed by chapters 
on structure, mineral zeolites, synthe- 
tic zeolites, physical properties, chemi- 
cal properties and reactions, ion ex- 
change, adsorption and finally manu- 
facture and properties of commercial 
sieve zeolites. A feature of the book 
is the amount of illustrative material 
presented as tables. In the field of 
molecular sieves progress in the basic 
science and in applications is rapid ar 
the incorporation of the most recent 
developments presents considerable 
problems. The author has nevertheless 
been successful in providing coverage 
up to about 1972. The discussions of 
zeolite structure, crystal chemistry, 
synthesis, chemical reactions and pro- 
perties are particularly interesting. 

One may ask whether Dr Breck’s 
classification of zeolites will appeal to 
mineralogists since it produces some 
Strange bedfellows, for example anal- 
cime,  phillipsite, paulingite and 
yugawaralite are all given as members 
of the same group. Cages of linked 
tetrahedra of (Si,A1)O, are referred 


e 
to as a-, B-, y~ ... cages. In my 
opinion these cavities would be better 
designated as 14-hedra, 26-hedra, and 
so on since this conveys partial infor- 
mation about their nature. The 
chapters on adsorption and ion ex- 
change reproduce many isotherms, 
although usually without the experi- 
mental points which allow one to 
assess the accuracy and reversibility 
achieved in the original researches. In 
the introductory chapter a brief review 
is given of several other materials 
having molecular sieve properties such 
as Saran charcoals and alkali metal 
graphites, but one of the more import- 
ant types, the alkylammonium-ex- 
changed clay minerals, receives vir- 
tually no attention. 

There are various printing errors but 
they do not usually result in ambiguity 
and are small matters in a book of 
this compass. The author is to be con- 
gratulated on completing a monograph 
which will, despite its price, be in- 
dispensible to all those interested in 
molecular sieve science and technology, 
and which should become the first 
standard work on this subject. The 
format is attractive, clear and easy to 
read. 

R. M. BARRER 


Plant components 


Phytochemical Methods: A Guide to 
Modern Techniques of Plant Analysis. 
By J. B. Harborne. Pp. x+278. (Chap- 
man and Hall: London; Halsted Press, 
a division of Wiley: New York, 1973.) 
£4.80. 


THE aim of the author is to provide 
undergraduate students and research 
workers with a series of proven 
methods of phytochemical analysis in 
a single volume at a reasonable cost. 
After a brief survey of general extrac- 
tion, analytical and identification pro- 
cedures, specific methods for each 
major class of organic constituent 
found in plants are considered. Much 
of the book (98 pages) is concerned 
with a comprehensive discourse of 
methods used for the analysis of 
phenolic compounds and terpenoids. 
The coverage of the organic acids, 
lipids and related compounds, nitrogen 
compounds and sugars, though not as 
extensive as the phenolics, is adequate. 
The macromolecules including the 
nucleic acids, proteins and polysac- 
charides are deliberately considered in 
less detail owing to space limitations 
and widespread coverage in other texts. 
It is unfortunate that more space 
could not have been allocated to thss 
important area of research. . 

Each chapter contains section? on 
the chemistry, distribution and re- 
commendêd qualitative and quantita- 
tive procedures for each component 
which have widespreag application in 
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research laboratories. Sufficient detail 
has been included to enable the in- 
experienced worker to attempt the 
methods and the practical experiments 
in each section should help the student 
gain experience with the procedures. 
The carefully selected references at 
the end of each section should aic 
the worker to quickly develop or 
modify the techniques to suit his own 
requirements. The author assimilates 
the rapidly expanding and difficult 
area of phytochemical methods into a 
well written and informative text 
which should be welcomed by both 
students and researchers. 
G. NORTON 


Flies and humans 


Flies and Disease. Vol 2: Biology and 
Disease Transmission. Bernard Green- 
berg. Pp. x-+447. (Princeton University. 
Princeton, September 1973.) £4.50. 
THIS second volume of Flies and Dis- 
ease complements volume 1 which 
appeared in 1971. 


The introductory chapter provides 
an historical survey of the association 
of flies with man throughout recorded 
history. This is one of the most fascina- 
ting chapters in the book, documenting 
both early myths and observations on 
the natural history of flies. A slip of 
paper in the mouth of a mummy “The 
maggots will not turn to flies within 
you” illustrates the Egyptians’ apprecia- 
tion of insect metamorphosis many 
centuries ago. 

The second chapter deals with the life 
history and habits of ten common 
genera of synanthropic flies. There are 
several important omissions here (for 
instance, Musca domestica), justified on 
the grounds of treatment elsewhere 
in the literature, and the information 
given is occasionally rather disjointed 
because of the variety of interests of 
the original authors. The chapter ends 
with a discussion of the estimation of 
fly density (simple Lincoln index only) 
and dispersal: table 3 is a useful sum- 
mary of the dispersal of more than 40 
fly species. 

Chapter 3 investigates flies as hosts 
of a variety of micro-organisms and 
describes the changes which take place 
in the gut fauna during metamorphosis. 
Many larval microbes are lost during 
pupation and emerging adults may even 
be sterile. The relevance of this to 
the vectorial capacity of saprophagous 
flies is examined. 

The two final chapters discuss fites 
as disseminators of more than 50 
human and animal diseases. In the ab- 
sence of definitive parasite stages in 
the insect hosts, the importance of 
flies relative to other transmission 
pathways is often based on circumstan- 
cial evidence alone; for example a 
correlation of increased numbers of 
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disease cases with seasonal plagues 
of flies. Professor Greenberg deals with 
these examples in an open-minded way, 
admitting where the evidence is slight 
and emphasising where new research 
efforts should be directed. 

The book has an extensive biblio- 
graphy, including many early works. 
The style of the illustrations is very 
variable and occasionally disappointing, 
but the volume as a whole will be a 
useful source of information and refer- 
ence for public health workers, epi- 
demiologists and entomologists alike. 

Davin ROGERS 


Image of a scientist 


Science as a Career Choice: Theoreti- 
cal and Empirical Studies. Edited by 
Bernice T. Eiduson and Linda Beck- 
man. Pp. xv+735. (Russell Sage 
Foundation: New York, 1973.) £10.40. 


Wuy I feel able to embark upon the | 


formidable task of reviewing this work, 
which is a vast book largely concerned 
with psychological theory and studies 
of the process of socialisation, is that 


the choice of career is a crucial factor ` 


in economic analysis of the way in 
which the labour market works. It is 
therefore necessary to review as much 
of the evidence as possible presented 
by a variety of disciplines in order to 
see what it is that drives people to 
make one choice rather than another. 

This interesting study is a collection 
of papers concerned with the mechan- 
isms of career choice and the way that 
people drift into the physical and other 
sciences, and what sort of people they 
are. Scientists apparently (page 670) 

“lead quite, unpretentious, even- 
tenored, rather steady ‘lives. They 
come home regularly for dinner, 
and spend the time before and after 
dinner with their children and wives; 
pursue their hobbies systematically; 
and more often than not, spend the 
evenings reading journals, novels, 
magazines, or watching television. 
Most live on a fairly modest scale 
and do not spend much for theatres 
or entertainment... despite the fact 
that their home lives are interesting 
and varied, one gets the impression 
that these do not reflect their most 
exciting selves. For one thing, the 
interviews reveal that the scientists 
are not able to give the most signi- 
ficant parts of themselves to home 
and family.” 

To an outsider, this is an extra- 
ordinarily perceptive description of the 
home lives of many scientists, and also 
suggests the degree of secretiveness 
and obsession with work which has 
seemed so often a characteristic of 
scientists with whom one has been 
thrown into contact. Terman seems to 


have shown that scientists chose a 
subject early, and that their early 
socialisation tended to isolate them by 
making them feel different from other 
children. According to other studies, 
those people who are going to take 
up science develop an image of a 
scientist which tends to become self- 
confirming: the scientist is committed, 
studious, collaborative, concerned pri- 
marily with science; and that this 
perpetuation of a self-image which is 
assisted by highly developed social 
structures therefore tends to make the 
scientific community a fairly close one 
which is self-recruiting. This would 
also suggest that it was a social system 
which tended to push other people 
out, particularly people who developed 
an interest in science later in life, or 


people who had unusual social 
characteristics. 
This description of the physical 


scientists contrasts markedly with those 
who call themselves social scientists, 
There seems to be some evidence that 
physical scientists come from in- 
dividualistic and rather cold families 
(page 17) with high intellectual motiva- 
tion. There is also, it seems, some 
evidence that the classic image of the 
pure scientific researcher clashes some- 
what severely with most scientists’ 
actual experience of their work. 
Interestingly enough, there are 
astonishingly few female or black 
scientists in the American studies 
which are cited here, and therefore 
the scientific community in the United 
States may be described as pre- 
dominantly white and male, thus pre- 
sumably reinforcing the tendencies 
towards a self-perpetuating community 
which have just been outlined. 

The editors point out that the evi- 
dence, although very bulky, is in fact 
sketchy and derived from a great 
many partial studies of certain aspects 
of the problem, and therefore the very 
brief allusion which has been given 
here to some aspects of the work must 


. be treated with great caution. Never- 


theles, it does illustrate the probability 
that career choices between becoming 
a non-scientist or a scientist, and with- 
in the sciences, are largely affected by 
what economists would regard as irra- 
tional motivations, and also implies to 
the outsider that there must be a con- 
siderable number of people inside 
science who have been attracted into 
it by their own fantasies and who are 
now living in a world in which their 
fantasies clash rather sharply with 
reality. This may not be an untypical 
situation, but presumably it must be 
perticularly disillusioning inside a 
closed profession like science, where so 
much of the original choice of career 
has depended upon high hopes and 
aspirations. ° 
JOHN VAIZEY 
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Lymphocyte dogma 


T and B Lymphocytes. By M. F. 
Greaves, J. J. T. Owen and M. C. Raff. 
Pp. vii+316. (Excerpta Medica: 
Amsterdam; American Elsevier: New 
York, 1973.) £14.08. 


HERE is a book to fill with joy the 
hearts of cellular immunologists. So 
many pages devoted to T and B 
lymphocytes and only 4p per page. 

T and B lymphocytes, by which is 
meant lymphocytes derived from the 
thymus and lymphocytes derived from 
the bursal equivalent (whatever that 
is) respectively, have after a shaky 
start in the 1960s become all the rage 
at the beginning of the 1970s. The 
present book represents a sort of con- 
summation of this rage. 

The history of the notion of two 
modalities of lymphocytes is given pari 
passu with a general dccount of the 
relationship between the immune res- 
ponse and the lymphoid system. The 
variously described properties of 
T and B lymphocytes are adequately 
documented. The authors go in detail 
into the mysteries of T and B 
lymphocyte participation in immuno- 
logical responses and as a rousing finale 
consider the clinical applications of 
T and B lymphocyte theory. Theré is 
an appendix said to deal with the 
manipulation of T and B cell responses 
and an extensive and up-to-date refer- 
ence list. The index could be more 
comprehensive but the diagrams and 
illustrations are good. 

It seems on compelling evidence that 
the various chapters of the book have 
been written each by a different author 
but the blend overall is eminently read- 
able and not markedly reiterative. 
Further, there are many and healthy 
instances in which ignorance in rela- 
tion to particular points of fact is 
stressed. The book is heavily orientated 
towards work on mice but 
respect it reflects the activities of the 
bulk of contemporary cellular im- 
munologists. 

Greaves, Owen and Raff are to be 
congratulated on a timely and -care- 
fully prepared book which, despite its 
price, will be a boon to teachers of 
immunology. The only danger in it is 
that it will be seen as an orthodox 
statement of fact rather than what it 
is, the enunciation of a most interest- 
ing working hypothesis. 

A. J. S. Davies 


Erratum 


In the illustration “Butterfly Collec- 
tion” (248, 289; 1974) the habitats of 
Idea hypermnestra and Marpesia chiron 
should have been given as Malaysia and 
South America respectively, 


in this . 
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obituary 


N. A. Mackintosh 


Nei ALISON MACKINTOSH, CBE, DSc, 
ARCS, the distinguished biological 
oceanographer and authority on the 
ecology and populations of whales, died 
on April 9, at the age of 73. He was 
educated at Westminster School and 
Imperial College where he very soon 
showed an aptitude for zoological 
research; in Jess than two years after 
graduation he had completed two papers 
on such widely different subjects as the 
chondrocranium of fish (Proc. zool. 
Soc., 1923) and the crystalline style of 
gastropods (Q. JI. microsc. Sci., 1925). 
He was in at the very beginning of 
that great enterprise, the Discovery 
Investigations of the Antarctic seas, 
when in 1924 he led the advance party 
to establish and take charge, of the 
Marine Laboratory for the study of 
whales at South Georgia. Later he took 
part in three major expeditions of the 
Discovery H, being leader of two 
circumpolar voyages and bringing back 
a wealth of information on the plankton 
and hydrography of the Southern 
Ocean. In 1936 he had succeeded Dr 
Stanley Kemp as Director of Research 
until 1949 when the Investigations were 
merged with the new National Institute 
of Oceanography, of which he became 
deputy director, and since 1936 he had 
edited the long series of ‘Discovery’ 
Rep. to which he made many outstand- 
ing contributions including one to be 
published in the thirty-sixth volume only 
four months before he died. In 1961 he 
established and directed the Institute’s 
research unit at the British 
Museum (Natural History). He took a 
prominent part in the International 
Whaling Commission, being chairman 


Announcements 


Appointments 


has been 
appointed Director of the Medical 
Research Council’s Demyelinating 
Diseases Unit at Newcastle upon Tyne. 


Gwynne James Morgan has been ap- 
pointed Professor of Theoretical 
Physics at the University of Leeds. 





of its Scientific Committee. His con- 
tributions to knowledge lay in two main 
fields: the biology and conservation of 
whales, and the oceanic macroplankton. 

It was at the laboratory adjacent to 
the whaling station at Grytviken, South 
Georgia, and on visits to stations on the 
African coast during the Antarctic 
winters (when the whales go north) that 
Mackintosh and Dr J. F. G. Wheeler, 
working together, amassed the enorm- 
ous amount of information, based on 
the examination of nearly 1,700 whales, 
for their important monograph on the 
Southern Blue and Fin whales (‘Dis- 
covery Rep., 1, 1929). This and a 
number of later reports by Mackintosh 
laid the foundations of most of the 
current knowledge of the economically 
important species. 


At Grytviken, Mackintosh and 


C. D. Green, A. P. Halestrap, D. I. A. 
MacLeod, J. R. Rhodes, Barbara M. F. 
Pearse, Elizabeth C. Cartwright and C. 
R. Hiley have been elected to Beit 
Memorial Junior Fellowships for Medi- 


cal Research. ¢ 


Dayid Anthony King has been ap- 


pointed to the Brunneg Chair of 
Computer Studies at the University of 
Liverpool. « 


Wheeler discovered the remarkable rates 
of growth of the Blue and Fin whales. 
Mackintosh’s book The Stocks of 
Whales (1965) is an important contribu- 
tion to a study of their populations and 
conservation prospects based? of a 
number of his earlier investigations, 


particularly his “Southern stocks of 


whalebone whales” in ‘Discovery’ Rep., 
22, 1942. 

He made an extensive oceanographic 
survey of the macroplankton of the 
Atlantic sector of the Antarctic seas and 
was the discoverer of a remarkable 
seasonal vertical migration of many of 
the species whereby they are carried 
northwards in the surface waters during 
the summer months and then sink in 
winter to be returned towards the pole 
by a lower south-bound current ready to 
arise again the following spring. More 
recently, from the vast collections of 
earlier years, he renewed the investiga- 
tion of the krill, producing two im- 
portant studies: one relating the life 
cycle to ice and water conditions 
(‘Discovery Rep., 36, 1972) and another 
on the circumpolar distribution of the 
post-larval stages (Discovery Rep.. 
1973). 

Neil Mackintosh was one of the 
kindest and most modest of men, 
intensely disliking anything in the way 
of publicity. Indeed, his retiring nature 
was perhaps a fault, for because of it, so 
few in the outside world realised the 
greatness of the Discovery Investiga- 
tions’ achievements, including, of 
course, his own. He was awarded the 
Polar Medal in 1942 and the Patron's 
Medal of the Royal Geographical 
Society in 1954. 


Geoffrey Bernard Cook has been ap- 
pointed to the Chair of Computer 
Studies at the University of Hull. 


D. P. J. Browning, Violet R. Cane, K. 
M. Clayton and T. W. Goodwin have 
been appointed to the University 
Grants Committee. 


A. S. V. Burgen, J. N. Walton, S. 
Cohen and D. C. Phillips have been 
appointed to the Medical Research 
Council. 
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Awards 


Denys H. Wilkinson has been awarded 
the American Physical Society’s 1974 
Tom W. Bonner Prize in Nuclear 
Physics. 


The Linnean Gold Medal of the Lin- 
nean Society of London has been 
awarded to E. H. W. Hennig and J. 
Braun-Blanguet. The H. H. Bloomer 
Award has been presented to A. F. 
Millidge, and George H. Locket. 


Corrigendum 


IN “thg ° article “Heavy ion transfer 
reactions in nuclear astrophysical pro- 
cesses” by T. W. Conlon (Nature, 247, 
268; 1974) the third paragraph from the 
end should read as follows. “A. study of 
the a-transfer reaction “C(°O,%Ne)*Be 
at energies in the region of the Cou- 
lomb barrier has been made possible 
by the development of a particle identi- 
fication system based on position-sen- 
sitive counters mounted in the focal 
plane of a Bueschner spectograph. 
Preliminary results indicate that sig- 
nificant amounts of *Ne are produced 
with respect to “Mg, which results from 
the principal compound nucleus chan- 
nel (Table 2).” 

In the same article, the following 
corrections should have been made; 
para. 1, line 12 should read ‘“‘corres- 
ponds to the transfer of an a par- 
ticle, . . .” para. 10, line 5, “available 
for later evolutionary...” and the last 
column in Table 1 should be “Q opitum 
(MeV) corresponding to (E min to E 
max).” 


International meetings 


July 8-10, 15th Annual Meeting of the 
Society for Economic Botany (Mr 
Bruce Alderman, Kellogg Centre, 
MSU, S. Harrison Road, East Lansing, 
Michigan 48824), 


July 23-24, 550th Meeting of the Bio- 
chemical Society (The Meeting Officer, 
The Biochemical Society, 7 Warwick 
Court, Holborn, London WCIR SDP). 


August 5-9, 7th Semi-Annual Short 
Course on Laser Safety (R. James Rock- 
well, Jr., Laser Safety Course, Conmed, 
114 Medical College, Cincinnati, Ohio 
45219). 


August 26-28, Pacific Slope Béochemi- 
cal Conference (Calvin S. McLaughlin, 
Secretary-Treasurer, Department of 
Molecular Biology and Biochemistry, 
University College Irvine, Irvine, Cali- 
fornia 92664). 


Reports and Publications 


Great Britain 


Cancer Treatment Reviews, Vol. 1, No. I, 
March 1974. Edited by K. Hellmann and S., K. 
Carter. Pp. 1-80. Subscription:— Vol, i (4 issues) 
March—December 1974. Iniand £6.50 inclusive of 
postage; abroad £7.50 inclusive of postage. 
{London and New York: Academic Press, a Sub- 
sidiary of Harcourt Brace Jovanovich, Publishers, 
1974.) 1164 

The Annual Report of the Science Policy 
Research Unit at the University of Sussex for 
the year 1973. Pp. 54. (Brighton: SPRU, Uni- 
versity of Sussex, 1974.) [164 

Medical Research Council. 
44: Haemophilia and its Related Conditions—a 
Brief Guide to Diagnosis and ‘Freatment. By 
Rosemary Biggs. Pp. v + 42. (London: HMSO, 
1974.) 34p net. 164 

Flora of Tropical East Africa. Edited by R. M. 
Polhill. Gramineae (Part 2). By W. D. Clayton, 
S. M. Phillipd and S. A. Renvoize. Pp. 177~449, 
(London: Crown Agents for Oversea Governments 
and Administrations, 1974. Published on behalf 
of the East African Community.) £2.75, [164 

Unilever. Report and Accounts for 1973, Pp. 
48. (London: Unilever, 1974.) [164 

Bulletin of the British Museum (Naturai 
History). Zoology, Vol. 26, No, 3: Observations 
on Trinema lineare Penard (Testacea : Protozoa). 
By Ronald Henderson Hedley and Colin Gerald 
Ogden. Pp. 185-199 + 7 plates. (Londen: British 
Museum (Natural History), 1974.) £1.50. [184 

Process Engineering of Pyrometallurgy. (Pro- 
ceedings of a joint meeting of the Institution of 
Mining and Metallurgy and the Institution of 
Chemical Engineers.) Edited by M. J, Jones. Pp. 
vi + 105. (London: The Institution of Mining 
and Metallurgy, 1974.) £6.50. [194 

The Way Ahead in Postgraduate Medical Educa- 
tion. Papers by Stanley Clayton, J. O. F. Davies, 
R. B. Hunter, Sir George Pickering, John Revans, 
Elizabeth Shore, George Smart, Sir Charles Stuart- 
Harris, Selwyn Taylor and G. I. Watson. Edited 
by Gordon McLachlan. Pp. 113. (London, New 
York and Toronto: Oxford University Press, 
1974. Published for the Nuffield Provincial 
Hospitais Trust.) £1.25 net. 224 

Agricultural Administration, Vol. i, No. I, 
January 1974. Edited by A. N. Duckham and 
John Pearce. Pp. 1-88. Subscriptions: Four 
quarterly issues per volume (approximately 320 
Pages}—£i0 ($25. subject to exchange fluctua- 
tions.) London: Applied Science Publishers, Lid.. 
1974. {224 

Parliamentary and Scientific Committee, Annual 
Report for 1973. Pp. 15. (London: Parliamentary 
and Scientific Committee, 1974.) (234 

Imperial Cancer Research Fund. Scientific Re- 
port to the Council by the Director of Research 
for the year 1973. Pp. 137. (London: Imperial 
Cancer Research Fund, 1974.) 234 

The Fourth Television Network: a Question ty 


Memorandum No. 


Priorities. By Sir Charles Curran. Pp. 
(London: BBC, 1974.) [244 
Scientific Proceedings of the Royal Dublin 


Society. Series A. Vol. 5, No. 1: The Volcanic 
Rocks of the Carrigogunne!l Area, Co. Limerick. 
By P. Strogen. Pp. 1-26 + plates 1—3., £1. Vol. 5, 
No. 2: The Structural Setting of the Leinster 
Granite, Ireland. By James C. Brindley. Pp. 
27-36. 30p. Vol. 5, No. 3: Artificial Key for the 
Identification of the Fruits of Irish Grasses. 
By M. A. Farragher. Pp. 37-54 + plates 4~7. 
£1. Vol. 5, No. 4: Poaceae—Irish Members, Part 
IV: Classification. By M. A. Farragher. Pp. 55~76 
+ plate 8. £1. Vol 5, No. 5: The Petrography of 
some Red-Feldspar Pegmatites and Their Associa- 
tion with Late Hydrothermal Changes in the 
Leinster Granite. By P. S. Kennan. Pp. 77-84 + 
plates 9 and 10. 70p. Series. Vol. 3, No. 16: 
Some Recent Researches on the Growing of Fibre 
Flax. By M. Neenan and J. Devereix, Pp. 201~ 
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March 1974. Edited by G. W. Dimbleby, D.'R. 
Brothwell and Barker. Pp. [~116. Subscrip- 
tion: 1974, Vol, “1, 4 issues, Inland £8 including 
postage; abroad £9.10 including postage. (London 
and New York: Agademic Press, 1974.) [15 
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Physics Reports of the Kumamoto University, 
o 


1, No. 1, I973. Pp. 1-72. (Kumamoto: 
Department of Physics, Kumamoto University, 
1973.) [164 


Marine Aquariums in the Research Labora- 
tory. By John M. King and Stephen Spottle. Pp. 
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plates). $3. Paper 73-9: Reconnaissance Studies of 
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Part I: Species of the Western United States. By 
John R. Holsinger. Pp. iii + 63. $1.45. (Washing- 
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9, $2. Paper 74-19: Analysis of Rocks and 
Minerals Using an Atomic Absorption Spectro- 
photometer. Part 5: An Imptoves Lithium- 


Fluoborate Scheme for Fouteen Elements. By S. 
Abbey, N. J. Lee and J. L. Bouvier. Pp. iv + 26. 
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Classified Advertisements 


CONDITIONS. All advertisements will only 
be accepted on the condition that che advertiser 
warrants that the advertisements do not in any 
way contravene the provisions of the Trade 
Descriptions Act 1968 and the Race Relations Act 
1968. The Publisher also reserves the right to 
refuse, amend, withdraw or otherwise deal with 
all advertisements submitted to him at his absolute 
discretion and without explanation. All advertise- 
ments must comply with the British Code of 
Advertising Practice. 

The Publishers will not be liable for any loss 
occasioned by the failure of any advertisement to 
appear from any cause whatever, nor do they 
accept liability for printers’ errors, although 
every care is taken to avoid mistakes. 
Semi-displayed £3.60 per 10 mm. Minimum £7.20, 
each additional 2 mm 72p. Full page £230.00. Half 
page across £125.00. 30p is charged for the re- 
direction of replies to advertisements with a box 
number. 

ADVERTISEMENTS SHOULD BE ADDRESSED 
TO: T. G. Scott and Son, Limited, | Clement’s Inn, 
London, WWC2A 2ED. Telephone: 01-242 6264, 
Telegrams: Textualist, London, YV¥.C.2. 





APPOINTMENTS VACANT 


THE UNIVERSITY OF MANCHESTER 
LIBRARIAN /CURATOR 


Applications are invited for the post of 
Librarian/Curator in the Department of Geology. 
The person appointed will look after maps and 
books in the departmental library, and will also 
be responsible for the care of the Department’s 
teaching and research collection of rocks, 
minerals and fossils. Candidates should have, or 
expect to have shortly, a degree in geology, or a 
combined degree incloding geology. Initial 
appointment within the Graduate Assistant salary 
range p.a. £1,569 t £1,791 (under review). 
F.S.S.U. Further particulars and application 
form (returnable By June 28) from the Registrar, 
The University, Manchester M13 9PL. Quote ref: 
116/74/N. (2351) 





UNIVERSITY OF SOUTHAMPTON 
DEPARTMENT OF BIOLOGY 


Applications are invited for the post of 
lecturer in the Department of Biology, Can- 
didates should have an appropriate Honours 
Degree and a research interest preferably in 
cytogenetics or cell culture. Opportunities exist 
for collaboration with the work of the Clinical 
Geneticist in the Faculty of Medicine. The 
lecturer will be expected to play a major part 
in teaching genetics to undergraduates in the 
Department of Biology and the Faculty of 
Medicine. Salary scale: £2,118 to £4,896. 
F.S.S.U. Initial salary will depend on qualifica- 
tions and experience. Further particulars may 
be obtained from the Deputy Secretary’s Section 
(Ext. 2400), The University, Southampton SO9 
SNH to whom applications (seven copies from 
United Kingdom applicants) should be sent not 
later than July 12, 1974. Please quote reference 
number Na236/A. (2378) 





STANDARDS LABORATORY FOR 


SEROLOGICAL REAGENTS 


Technician AIMLT (Bacteriology or Virology) 
or HNC in Medical Laboratory Sciences (Micro- 
biology) required to work with Australia Anti- 
gen. Graduates may apply for this position. 


Written applications with full details of age, 
experience and qualifications to the Personne! 
Officer, Central Public Health Laboratory, 
Colindale Avenue, London NW9 SHT. (2392) 





DUNSTAFFNAGE 
MARINE RESEARCH 
LABORATORY 
OBAN, ARGYLL 


SCIENTIFIC OFFICER 


Applications are invited for the post of 
Scientific Officer to join a multidisciplinary group 
working on the breakdown of cellulose in marine 
sediments. The applicant would be expected to 
have a University degree or equivalent in Micro- 
biology or related science. Post would be for 
initial period of two years; starting annual 
Salary around £1,435. 

Application forms can be obtained from the 
Director, Dunstaffnage Marine Research Labo- 
ratory, P.O. Box 3, Oban, Argyll PA34 4AD. 

(2387) 









Reckitt & Colman 
PHARMACEUTICAL DIVISION 


Section Leader 
Microbiologist 


QUALITY CONTROL 


To lead a small, expanding team in the Bacteriological Laboratories 
involved in Microbiological quality control of the company’s 
products. The successful candidate, who will report to the 
Chief Bacteriologist, will have at least HNC in Medical Laboratory 
Science or Applied Biology with relevant experience of routine 
microbiological control within the pharmaceutical or food and 
dairy industry. The ability to effectively supervise junior staff 

and to present results and reports in a clear and concise manner 
is essential. Starting salary will be within the range of £1,600 to 
£2,300 according to experience and qualifications. 


The Pharmaceutical Division is expanding and opportunities for 
promotion are good. The Company offers four weeks annual holiday, 
good sports, social and welfare facilities and operates a bonus 
and pension scheme. 


Please write with details of career to date, qualifications, etc. 
Alternatively telephone or write to request an application form to: 
Mrs. P. A. Haynes, Staff Personnel Officer, Reckitt & Colman, 
Dansom Lane, Hull HU8 7DS. (2544) 






















Graduate 


Department of Registration and Documentation 


The overseas group forms an important part of this leading international 
pharmaceutical company. 


Internal promotion has created a vacancy in the Registration and 
Documentation Department which serves the groups in the preparation 
of submissions to overseas regulatory authorities and the assembly of 
documentation for company approval of new products. Candidates 
should have an honours degree in a biological or other appropriate 
subject and some experience in pharmaceutical documentation. They 
must be capable of critical assessment of technical data and clear 
expression. 


An attractive salary based on experience is offered and full removal 
expenses will be paid in appropriate circumstances. Please write giving 
brief relevant details of age, qualifications and experience to: 

The Personnel Officer, Smith Rline & French Laboratories Limited, 
Mundells, Welwyn Garden City, Herts. 


A mémber of the worldwide Smuthisiine Corporation 
® (2539) 
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HEDGES AND BUTLER LTD. 


Microbiologist 


We are seeking a graduate Microbiologist 


to provide an efficient and complete 
mycological and bacteriological service to 
our Central Laboratory situated in our major 
production and packing complex at 
Bromley~by~Bow. 


This position offers an excellent 
opportunity to a person interested in 
furthering management skills whilst 
retaining contact with the latest technical 
developments in this field. 

Good conditions of employment and 





RESEARCH IN MUSCLE 
DISEASE 


Applications from honours graduates in 
biochemistry or a related discipline are in- 
vited for the post of Research Assistant in 
continuing studies of muscle metabolism in 
health and disease. 


The successful applicant will be expected 
to register for the degree of Ph.D. at the 


University of Glasgow. The post carries 
N.H.S. grading, with appropriate super- 
annuation and salary (£1,797 to £2,259) from 
October 1, 1974. 


Applications naming two referees should be 
sent as soon as possible to Dr W. H. S. 
Thomson, Research Laboratory, Knightswood 
Hospital, Glasgow G13 2XG. (2428) 













Although primarily a quality control 
function some applied research together 
with development of existing methods is 
envisaged. Self motivation and initiative 
are essential. 
Applicants, male or female, will probably 
be in the age bracket 24-35 and will 
possibly already have had three or more 
years industrial experience. An Upper 
Second in Microbiology is the minimum 
degree level required and a higher degree 
would be advantageous. 


other benefits including free life assurance 
and acontributory pension scheme will 
apply. A good salary will be negotiated 
which will reflect the importance of this 
appointment. 

Please write with a detailed curriculum 
vitae, including details of age, experience 
and current salary to: Miss J. Long, 
Personne! Department, Hedges and Butler 
Limited, Three Mill Lane, Bromley-by-Bow, 
E.3 or alternatively telephone 01-980 7133 
for an application form. 





THE BRITISH COUNCIL 
invites applications for the following post: 


TECHNICAL LIBRARY ADVISER 
(INDONESIA) 


ı GEOLOGICAL SURVEY OF INDONESIA 
LIBRARY, BANDUNG 


Candidates must have mature experience in 
scientific librarianship and information science in- 
cluding general administration, and have profes- 
sional qualifications of the Library Association. 

Salary: £3,541 to £4,710 p.a. 

Benefits: Free furnished accommodation; overseas 
and education allowances; terminal grant. 74 BO 37 

Two year contract, usually renewable for a 
further period. Return fares are paid. Local con- 
tracts are guaranteed by the British Council. 


Please write, quoting the reference number, for 
further details and an application form to The 
British Council (Appointments), 29 Bressenden 
Place, London SWIE SDD. {2472} 


UNIVERSITY COLLEGE, CARDIF 
DEPARTMENT OF BIOCHEMISTRY 
Applications are invited for a 
POSTDOCTORAL RESEARCH 
ASSISTANT 


and a Graduate Research Assistant to work on 
the “Rôle of certain enzymes in the development 
of lung diseases, induced by the inhalation of 
various types of dust”. 

The work is supported by a grant for 3 years 
from the M.R.C. starting October 1, 1974. Post- 
doctoral salary—£1,929 rising to £2,223 p.a. (under 
review), Graduate Assistant salary—£1,416 rising 
to £1,524 p.a. (under review). 

Applicants for the Postdoctoral position should 
have some experience in protein chemistry and/or 
enzymology. Applicants for the Graduate post 
should possess a B.Sc. or similar qualification and 
have a good knowledge of basic biochemical 
techniques. 

Applications including a curriculum vitae and the 
names and addresses of 2 referees should be sent 
to: The Registrar, University College. P.O. Box 78, q 
Cardiff CFI] IXL. Please quote ref. 0591. 

(2471) 





(2400) 





CITY OF LONDON POLYTECHNIC 


SIR JOHN CASS SCHOOL OF SCIENCE 
AND TECHNOLOGY 


READER IN CELL PHYSIOLOGY 


Applications are sought from highly qualified 
persons for the post of Reader in the Department 
of Biological Sciences. 

In addition to providing a wide range of under- 
graduate and postgraduate teaching and research 
the School is a nationally recognised centre for 
biomedical studies. The successful candidate will 
be expected to initiate and develop lines of research 
in cell physiology preferably with some relationship 
to health or environment—and will also be expected 
to play a significant rôle in the development of 
new course work in the biological sciences par- 
ticularly in relation to undergraduate programmes 
within the B.A./B.Sc. (C.N.A.A.) Modular Degree ~ 
Scheme, the Higher National Certificate in Medical 


LISTER INSTITUTE OF PREVENTIVE MEDICINE 


Elstree, Hertfordshire 


BLOOD PRODUCTS LABORATORY 


Recent graduate in microbiology required for control testing of human 
blood products and to assist in development work. 


è mooo Science and the Diploma in Medical 
j ; : ‘ echnology. 
Please apply stating qualéfications, age, and experience to The Secretary, The post is tenable from September 1, 1974 or 


as soon as possible thereafter. 

Salary scale-—4 consecutive points within the 
scale £4,380 to £4,824 (London Weighting Allow- 
ance of £118). 

Full details and an application form, may be 
obtaincd from the Assistant Secretary, Cily of 
London Polytechnic, 117/119 Houndsditch, London, 
E.C.3. (2515) 


Lister Institute of Preventive Medicine, Elgtree, Hertfordshire, from whom 


further particulars can be obtained. ° ° 
(2394) 
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ANIMAL BREEDER. 
UNIVERSITY OF GUELPH 


Ph.D. in Animal Breeding with back- 
ground in statistical genetics. Experienced in 
data analyses and interested in working with 
animal industry breeding developments. Res- 
ponsible for developing a research pro- 
gramme and teaching undergraduate and 
graduate students. Appointment at Assistant 
Professor level. Applications accepted to 
August 31, 1974. 

Apply to: W. D. Morrison, Professor and 
Chairman, Department of Animal & 
Poultry Science, Ontario Agricultural 
College, University of Guelph, Guelph, 
Ontario, Canada NIG 2W1. (2492) 


The University of Birmingham 


THE WELLCOME 
FOUNDATION LIMITED 


Wellcome 


Structure, Physiology and 
UNIVERSITY OF DURHAM Biochemistry of 
me oF sorany | Insect Neuromuscular 


from October 1, 1974, from chemists, biochemists 
or botanists, to work on the biochemistry of grain 


m 
legume improvement. Successful candidates may J unctions 
register for a higher degree. 


Applications to Professor D. Boulter, Department 
of Botany, Science Laboratories, South Road, 








Durham DH1 3LE. (2516) Applications are invited for a CASE postgraduate studentship in the 
above field of work. 

CONSERVATION OFFICER The student will work primarily in the Department of Zoology and 
required by Dorset Naturalists’ Trust. Degree in Comparative Physiology at Birmingham University with some time 
Biology/Ecology, plus conservation training or spent in the Unit of Arthropod Physiology at the Wellcome Research 
Rune Sine soo ay et napa nee Laboratories, Berkhamsted Hill, where biochemical aspects of work in this 
scheme. Full details from Hon, Sec., Dorset field are currently in progress. 

MALA SES Pest Oe FCAT CECA VERUS, PAOR ae The Studentship commences on Ist October, 1974 and is tenable for 

3 years. The current value of the Studentship is £695 per annum. 
MARINE PHYSIOLOGIST Further details may be obtained from the Academic Supervisor: 
The Rosenstiel School of Marine and Atmospheric Dr. M. P. Osborne, i 

Science has an opening for a whole animal physio- Dept. of Zoology & Comparative Physiology, 

logist Ai at ries i secondary TETS in eor University of Birmingham, 

mental physiology, beginning as early as January, p 

1975. Responsibilities will include teaching a Edgbaston, BIRMINGHAM. 


graduate level course on the physiology of marine 
animals, Appointment will be at a rank and salary 
commensurate with experience and qualifications. 
Applicants must have completed the Ph.D. degree. 
Send curriculum vitae and names of five referees 
to Dr Barrie F. Taylor, Chairman of Search Com- 
mittee, University of Miami, R.S.M.A.S., 4600 
Rickenbacker Causeway, Miami, Florida 33149. 
Applications close on August 31, 1974. (2509) 





DIRECTOR 


The Jackson Laboratory invites applications for 
the position of Director of the Laboratary, which e 6 
will become open on October 1, 1975. Qualified l f t 
applicants are invited to submit a curriculum vitae ec nica n orma ion 
and summary of experience to one of the following: 


Dr James D. Ebert, Chairman, Search Com- 
mittes, Marine Biological Laboratory, Woods 


e ® 
Di Janes E Gree, Mectee Search Committee, I n a Sal es E NVI ro n m € nt 


Department of Medical Genetics, University of 
Wisconsin, Madison, Wisconsin 53706: 





Dr Douglas L. Coleman. Secretary, Search Com- This post provides the opportunity for someone with a background in 
mee aa kon Laboratory, Bar Harbor, technica! information work to move closer to the marketing sphere. 
ae AN EQUAL OPPORTUNITY meager As a member of a team dealing with our full range of products, the prime 


responsibility will be for the provision of a full technical input to the 

sales function for our range of biological products. This will involve 

SUB-EDITORS maintenance of product information dossiers, preparation of product 

licence applications and assistance with preparation of promotional 

BUTTERWORTH’S have two vacancies material and technical training. There will also be a responsibility to 

in their Scientific Publishing department. represent the company’s interest at conferences and seminars, and for the 
Previous experience of sub-editing manu- co-ordination of activities relating to the introduction of new products. 


Scripts and all aspects of book publishing js š : s , ` 
essential. A degree in chemistry or the Iife The Company, SmithKline Animal Health, is concerned with the develop- 


sciences is necessary. ment, manufacture and sale of veterinary medical products and feed 


The offices are situated in pleasant rural additives on a worldwide basis. 


surroundings at Borough Green, near Applicants should be in their mid to late twenties and will have already 


gained experience of technical support or information work in the health- 
care field. A biological science degree and knowledge of a European 


Sevenoaks, and company transport is avail- 
able from certain surrounding districts. The 
minimum salary for a qualified sub-editor is 


£2,405 p.a. and new rates are at present language is desirable. Salary will depend on the immediate contribution 

under negotiation. which the candidate is capable of mgking and an excellent range of benefits 
Please write, giving details of age, ex- apply. M ° 

perience and qualifications to: Please write giving brief career®details to Mr. A. Maltby, SmithKline and 
Mrs D. Luiham, . Frenclr Laboratories Limited, Mundells, Welwyn Garden City, Herts. 


Butterworth & Co, (Publishers) Ltd., ä (2567) 
88 Kingsway, 
London WC2B 6AB. (2511) 





A member ofthe worldwide SmithI<lme Corporation 


Tropical Products Institute, 
London 


Food Scientist 


m Develop new food uses of tropical pro- 
duce W Biochemical/chemical research rele- 
vant to food processing M Opportunity to 
work independently overseas. 

0 rst/2nd hons degree in Biochemistry, Chemistry 
O Some relevant experience in food industry 
desirable © Age under 27 O Appointment as 
Scientific Officer (£1663-£2557, under review, 
plus threshold payment) OG Ref: SA/24/JD. 

(] Application forms (for return by 16 July 1974) 
from Miss C. A. Hall, Tropical Products Insti- 
tute, 127 Clerkenwell Road, London ECrR sDB 


Department of Health 
and Social Security 
London 


Information 
Scientist 


E In Medical Division m To compile in- 
formation on chemical contamination of 
food including additives, colouring, insecti- 
cides and pesticides, and on environmental 
health problems m Help develop data storage 
and retrieval system. 

O Degree or equivalent in chemical or biological 
subject O Age under 27 O Appointment as 
Scientific Officer (£1663-£2557, under review, 
plus threshold payment) O Ref: SB/2/K. 

q Application forms (for return by 15 July 1974) 
from Civil Service Commission, Alencon Link, 
Basingstoke, Hants RG21 rJB, telephone Basing- 
stoke 29222 ext. 500 or O1-839 1992 (24 hour 
answering service). 
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Tropical Products Institute, 
Slough, Bucks 


Entomologist 


W Research on biological problems relating 
to insect infestation of stored produce M 
Investigation of integrated control methods 
E Assist with training technologists from 
developing countries Æ Opportunity to work 
overseas. 

O Degree in Zoology or Biology C Age under 30 
1 Appointment as Higher Scientific Officer 
(£2221~£2854) or Scientific Officer (£1435- 
£2329) © Additional threshold payments O 
Salaries under review O Ref: SA/23/JD. 

O Application forms (for return by 16 July 1974) 
from Miss-C. A. Hall, Tropical Products Insti- 
tute, 127 Clerkenwell Road, London EC1iR sDB. 


Ministry of Agriculture, 
Fisheries and Food 
Royal Botanic Gardens, Kew 


Botanist 


E In Jodrell Laboratory m Supervise assist- 
ants carrying out anatomical research E 
Undertake, after initial training, the identi- 
fication of plant fragments and organs E 
Develop new techniques m Use optical and 
scanning electron microscopes W Give tech- 
nical advice to visiting research workers. 

D Degree in Botany O Interest in literature on 
natural history and geography O Age under 30 O 
Appointment as Higher Scientific Officer (£2331- 
£2964) or Scientific Officer (£1545-£2439) O 
Additional threshold payments O Salaries under 
review () Ref: SB/10/AH. 

(1 Application forms (for return by 15 July 1974) 
from Civil Service Commission, Alencon Link, 
Basingstoke, Hants, RG2r 1]B, telephone 
Basingstoke 29222 ext. 500 or London o1-839 1992 
{24 hour answering service). 


Ministry of Agriculture, Fisheries and Food 
Plant Pathology Laboratory, Harpenden 


Plant Scientist 


@ Responsible for technical and scientific aspects of plant health in 
Crop Certification Schemes to produce improved propagation 
material m Liaise with UK official bodies and growers’ organisations 
m Travel involved m Advise on administration of plant disease 
legislation M Investigate mycological problems. 

O rst/2nd hons degree or equivalent in Plant or Agricultural Science, or 
related subject G Knowledge of plant pathology and ability to organise 
essential J Knowledge of Agriculture desirable [] At least 2 years post- 
graduate experience O Age normally under 32 O Appointment as Senior 
Scientific Officer (£2798~£3895) or Higher Scientific Officer ({2221~£2854) 
O Additional threshold payments C] Salaries under review O Ref: SB/3/AG. 
O Application forms (to be returned by 12 July 1974) from Civil Service 
Commission, Alencon Link, Basingstoke, Hants, RG21 1JB, or telephone 
Basingstoke 29222, ext. 500 or London o1-839 1992 (24 hour answering 


service). 
Sciences (2523) 


. m SERVICE 
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TOXICOLOGISTS 


Veterinary Graduates, preferably with 
experience, required for Short and Long 
Term Toxicological Studies of compounds 
of potential therapeutic importance. Excel- 
lent opportunities for advancement in 
modern, well-equipped laboratories and 
Animal House, Pension and Assurunce 
Scheme. Application forms from the 
Secretary, Biorex Laboratories Ltd., Biorex 
House, Canonbury Villas, London N1 2HB. 


(2490) 





BIRKBECK COLLEGE 
(UNIVERSITY OF LONDON) 


DEPARTMENT OF ZOOLOGY 
M.Sc. DEGREES FOR PART-TIME 
STUDENTS 
IN 


ENTOMOLOGY 
AND IN 


COMPARATIVE PHYSIOLOGY 


Each Course extends over a period of two 
calendar years and involves attendance on three 
evenings each week during term. Examination is 
by written papers and course assessment. 

Full details may be obtained from The Secretary, 
Department of Zoology, Birkbeck College, Malet 
Street, London WCIE 7HX, to whom application 
should be addressed. (2507) 


THE MIDDLESEX HOSPITAL 
MEDICAL SCHOOL 
(UNIVERSITY OF LONDON) 


COURTAULD INSTITUTE OF 
BIOCHEMISTRY 


RESEARCH ASSISTANT 


Applications are invited from Honours Gradu- 
ates in Biochemistry for the above post for work 
on lipid metabolism in the nervous system in 
relation to Muliple Sclerosis. Registration for a 
higher degree would be possible for a suitable 
graduate. Starting salary £1.371 per annum (under 
review). Applications in writing including a curricu- 
lum vitae and the names and addresses of two 
referees, to the Director, Professor R. H. S. 
Thompson, Courtauld Institute of Biochemistry, The 
Middlesex Hospital Medical School, London WIP 
SPR, by July 15, 1974, quoting ref. M.S. 

(2496) 


HISTOLOGY TECHNICIAN 


required for Pharmacologica! and Toxi- 
cological Laboratory. Experience essential 
in the preparation and processing of animal 
tissues. Good working conditions. Pensions 
and Assurance Scheme. Application Forms 
from: Secretary, Biorex Laboratories Ltd., 
Biorex House, Canonbury Villas, London 
NI 2HB. (2489) 





UNIVERSITY OF GLASGOW 
DEPARTMENT OF CHEMISTRY 


Applications are invited for an S.R.C. Post- 

doctoral Research Assistantship for work on the 
synthesis of enzyme models. 
_ The appointment will be for one year in the first 
instance and, ‘according to experience, within the 
Salary range £2,118 to £2,412 per annum of the 
new Lecturers’ salary scale which will be effective 
from October 1, 1974. 

Applications giving a brief curriculum vitae and 
the names of two referees should be sent to Dr 
A. G. Cairns Smith, Department of Chemistry, 
University of Glasgow, Glasgow G12 8QQ, from 
whom further information can be obtained. In 
reply please quote Ref. No. 3478M. (2498) 





UNIVERSITY OF LIVERPOOL 
DEPARTMENT OF HISTOLOGY 


TECHNICIAN 


required to work on a research project concerned 
with subcellular aspects of secretion in the anterior 
pituitary. An interest in radioimmunoassay, tissue 
culture or electron microscopy would be an ad- 
vantage. Candidates should possess a degree, H.N.C, 
or at least O.N.C. in an appropriate subject. The 
appointment will be tenable for two years in the 
first instance. Salary range up to £1,920 per annum. 
Application forms may be obtained from the 
Registrar, The University, P.O. Box 147, Liverpool 
L69 3BX. Quote ref. RV/N/276077. (2494) 





Pharmaceuticals 
Division 


Graduate 
Biochemist |. 


We have a vacancy for a Graduate Biochemist witha 
good honours degree in Biochemistry to work on the 
metabolism of parasites (helminths). Previous 
research experience would be an advantage, but 
knowledge of parasite biochemistry ts not required. 


The suceessful candidate will be expected to 
undertake original and applied research into 

helminth biochemistry, the mode of action of drugs on 
helminths, and the design of novel drugs, under the 
direction of a Research Scientist. 


Pharmaceuticals Division is attractively situated in 
rural North Cheshire, within easy reach of main road 

‘and rail routes. Assistance given to married men in 
moving to this area is designed to attract and retain 
staff of high calibre. 


Applications in writing, requesting an 
application form should be sentto: 


M F Losse 
Personnel Officer 
ICI Pharmaceuticals Division 
Mereside, Alderley Park 
Macclesfield, Cheshire, 





(2551) 


DEPARTMENT OF SCIENTIFIC AND 
INDUSTRIAL RESEARCH 


NEW ZEALAND 


Scientist 


The Physics and Engineering Laboratory of the Department of Scientific 
and Industrial Research has a vacancy for a scientist at the Geophysical 
Observatory, Christchurch. 


The Upper Atmosphere Division of the Physics and Engineering 
Laboratory, of which the Geophysical Observatory is part, is undertaking 
research into the physics of the ionosphere and magnetosphere, using a 
variety of experimental research and observatory ionosondes and mag- 
netics) programmes from the Pacific Islands to Antarctica. Satellite tele- 
metry facilities are also available. 


Qualifications: Ist class honours degree in physics plus relevant experience. 
Salary: Up to NZ$10,232 p.a. A ° 


Further information may be obtained from the High Commissioner for New 
Zealand, New Zealand House, Haymarket, London SW1Y 4TQ. Applicants 
should quote Ref. Imm. 2/284 and forward applications to the High 
Commissioner for New Zealand by August 1 1974. 


(2487) 
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DEPARTMENT OF SCIENTIFIC AND 
INDUSTRIAL RESEARCH 


NEW ZEALAND 


Scientist 


The Industrial Chemistry Section of the Chemistry Division, DSIR, Lower 
Hutt, has a vacancy for a Chemical Engineer or Chemist with experience in 
the treatment of industrial waste. Duties will be to develop treatment 
processes for industrial effluents, and to carry out both laboratory and 
pot scale studies, 


Qualifications: Good Honours degree or Ph.D. required. 
Salary: Up to NZ$10,232 p.a., depending on qualifications and experience. 


Further details, passage assistance etc., may be obtained from the High 
Commissioner for New Zealand, New Zealand House, Haymarket, London 
SW1Y 4TQ. Applicants should quote Ref. Imm, 2/285 and forward 
applications to the New Zealand High Commissioner by July 31 1974. 


(2486) 


Bass Charrington 


Physical Chemist 
BURTON-ON-TRENT 


A Graduate with a good honours degree specialising in Physical 
Chemistry is required by a major Brewery Company for a period 
of three years to work on projects related to the Physico- 
Chemical characteristics of foam formation and collapse in beer. 


The appointment and planned projects would be most applicable 
to a recent graduate wishing to proceed to an external Ph.D. 
qualification whilst working in an industrial résearch environment 
and earning a competitive salary with attractive fringe benefits. 


Detailed applications should be sent to:— 


The Staff Personnel Manager, 
Bass Production Limited, 
High Street, 

Burton-on-Trent DE!4 1JZ. 





TRENT POLYTECHNIC THE MIDDLESEX HOSPITAL 


THE ANIMAL VIRUS 
RESEARCH INSTITUTE 


PIRBRIGHT, WOKING, SURREY 


Applications are invited from Honours 
graduates interested in chemical and bio- 
chemical studies of the structure and multi- 
plication of animal viruses, for a post in 
the Biochemistry Department. Facilities are 
available for the successful applicant to 
work for a higher degree. 


The appointment will be in the S.O, 
(£1,435 to £2,329) or H.S.O. (£2,221 to 
£2,854, grade, starting salary depending on 
qualifications and experience. FSSU Super- 


annuation Allowance of 440’. House 
available for married man. Application 
forms and further particulars from Sec- 
retary. (2513) 





UNIVERSITY OF LIVERPOOL 
DEPARTMENT OF BOTANY 


LECTURER IN APPLIED ECOLOGY 


Applications are invited for the post of Lecturer 
in applied ecology commencing on October I, 1974. 
Applicants should possess a good honours degrce 
and postgraduate experience in plant ecology, soil 
science or agronomy. An interest or experience in 
applying ecological principles to solving practical 
problems of the environment such as land reclama- 
tion or pollution would be an advantage. 

There will be excellent opportunities for collab- 
orating with a very active research group in 
environmental rehabilitation which has strong links 
with industry and local government. 

Initial salary within the range £2,118 to £2,412 
on a scale rising to £4,896 per annum. 

Applications together with the names of three 
referees should be received not later than July 19, 
1974 by the Registrar. The University P.G. Box 
147, Liverpool L69 3BX from whom further par- 
ticulars may be obtained. Quote ref. tty 





UNIVERSITY OF MANCHESTER 
DEPARTMENT OF MEDICAL 
BIOCHEMISTRY 


Applications are invited for a Postdoctoral RE- 
SEARCH ASSOCIATESHIP financed by the British 
Heart Foundation. The project involves the isola- 
tion of endothelial cells from major blood vessels, 
their establishment in culture and studies of the 
synthesis of the collagen and glycoprotein com- 
ponents of the endothelial basement membrane. 
Experience in cell culture and/or protein synthesis 
would be advantageous. The appointment from 
October 1, 1974 is tenable for two years. Salary 
range p.a.: £2,118 to £2,412 plus F.S.S.U. Applica- 
tions giving the names of two referees should 
reach the Secretary, Department of Medical Bio- 
chemistry, University of Manchester Medical School. 
Manchester M13 9PT, as soon as possible. 

2481) 


Electron Microscopy 
Technician 


(grade 3) 


Required to assist generally in a fully 
equipped unit serving research and 
teaching in Biological Ultrastructure. 


NOTTINGHAM 
DEPARTMENT OF LIFE SCIENCES 


SENIOR LECTURER IN 
BIOCHEMICAL PHARMACOLOGY 
LECTURER GRADE II IN 
BIOCHEMISTRY 


To commence September 1974 or ds soon as 
possible thereafter. Salary scales (subject to ratifi- 
cation): Senior Lecturer--£3,525 to £3,915(bar) to 
£4,212; Lecturer Grade II-—~£2,700 to £3,474. 

For further particulars ‘and application forms 
please sand: self-addressed foolscap envelope to The 
Chief dministrative Officer, Trent Polytechnic, 
Burton Street, Nottingham NGI 4BU. Closing date 
July 5. (2474) 


MEDICAL SCHOOL 


{UNIVERSITY OF LONDON) 
COURTAULD INSTITUTE OF BIOCHEMISTRY 


RESEARCH ASSISTANT 


Applications are invited from Honours Graduates 
a Biochemistry for the above post to work with 
Ir B. Ketterer on studies of cellular proteins 
which interact with carcinogens, Registration for 
a PR.D. degree would be expected, Starting salary 
£1,371 per annum (under review), Applications in 
writing including a curriculum vitae and the names® 
and addresses of two referees, togthe Director, 
Professor R, H. S. Thompson, Courtauld Institute 
of Biochemistry, The Middfesex Hospital Medical 
School, London WIP SPR by July 15, 1974, 
quoting ref C.R.C. ẹ (2506) 


The post offers opportunities in the 
development of techniques and in- 
strumentation for. applicants of 
appropriate interests and experience. 
Salary in the range £1,825 to £2,095 
per annum. l 


Applications in writing to Mr. R. 


Adams, Departmental Superinten- 
dent, Department of Botany, Imperial 
College, London SW7 3BB. 


(2473) 





~ 
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European Organization for Nuclear Research 


Organisation Européenne pour la Recherche Nucléaire 


CERN is a modern research laboratory, situated near Geneva, which offers first-class social and 


financial conditions of employment, and the opportunity to work in an international atmosphere. 


9 0 


A junior staff position in the Theoretical Study Division is open to scientists working on theoretical ° 
aspects of elementary particle physics or intermediate energy nuclear physics. Applicants should have 
a few years of post-doctoral experience and have accomplished interesting original research. 


This position is for a period of three years, with the possibility of renewal for a further three years, and 
implies a basic salary of between 44,000 Sw.Frs., and 55,000 Sw.Frs., per annum, tax free, according to 
the qualifications of the selected person, 


Candidates are invited to apply irrespective of nationality. However, among candidates with similar 
qualifications, preference will be given to nationals of CERN Member States. 


Applications, including curriculum vitae and list of publications, are invited. They should be addressed 


to: 


Professor D. Amati, Leader of the Theoretical Study Division, CERN, 1211 Geneva 23, Switzerland, 
and received before [5 August, 1974, 


UNIVERSITY OF OXFORD 
PROFESSORSHIP OF CLINICAL 
BIOCHEMISTRY 


The electors intend to proceed to an election to 
this professorship, which has been established with 
effect from August I, 1974. The stipend is £7,559 
a year. Further particulars may be obtained from 
the Registrar, University Registry, Broad Street, 


Oxford, by whom applications (twelve copies), 
naming three referees but without testimonials, 
should be received not later than July 13, 1974. 

1 (2491) 





UNIVERSITY OF 
NEWCASTLE UPON TYNE 
DEPARTMENT OF ZOOLOGY’ 


The University invites applications for the post 
of DEMONSTRATOR in the Department of 
Zoology. The appointment will be for a period of 
three years, subject to annual renewal, and will 
be tenable from September 1, 1974. Preference will 
be given to candidates experienced in animal 
behaviour {including relevant aspects of neuro- 
physiology). Applicants should possess a higher 
degree or equivalent postgraduate research ex- 
perience, 

Salary will be at an appropriate point on the 
scale £1,929 to £2.223 (from October 1974 £2,118 
to £2,412) according to age, qualifications and 
experience. Membership of F.S.S.U. required. 

Further particulars may be obtained from the 
Registrar, The University, Newcastle upon Tyne 
NE! 7RU with whom applications (3 copies), 
together with the names and address of three 
referees. should be lodged not later than July 12, 
1974, Please quote reference N (2483) 





UNIVERSITY OF ABERDEEN 
DEPARTMENT OF MEDICAL PHYSICS 


PHYSICIST 


required for duties in hospital isotope service, which 
includes thyroid, haematological and scanning pro- 
cedures. The department has an extensive research 
and teaching programme. Some experience of radio- 
therapy physics would be an advantage. 

Salary on Lectureship Scale £1,929 to £4,548 
(after October 1, 1974 £2,118 to £4,896) with plac- 
ing according to qualifications and experience. 

Further particulars from The Secretary, The 
University, Aberdeen, with whom applications (2 
copies), giving two referees, should be lodged by 
July 8, 1974, (2500) 





THE UNIVERSITY OF LEEDS 
DEPARTMENT OF COLOUR 
CHEMISTRY 


Applications are invited for a RESEARCH 
STUDENTSHIP to examine novel triaryl- 
methane dyes of potential biological interest. 

The project is financed by Allen & 


Hanbury’s Research Ltd., and the grant has 


the same value as a SRC Studentship, The 
person appointed will be able to read for a 
higher degree, 

Applicants should have a good Honours 
degree (or equivalent) in Chemistry and 
should write by July 7 to Dr G. Hallas, 
Department of Colour Chemistry, The 
University, Leeds LS2 9JT, from whom 
further particulars may be obtained. 


(2499) 


EDITORIAL ASSISTANT 


required for Genetics Abstracts. Degree in Bio- 
logical Sciences preferably in Genttcs essential, 
foreign language an advantage. Apply in writing 
to Dr. E, S. Krudy, Information Retrieval Limited, 
1 Falconberg Court, London W1V SFG. (2504) 





UNIVERSITY OF NOTTINGHAM 


ELECTRONICS ENGINEER 
SENIOR SCIENTIFIC OFFICER 


Applications are invited for a new technical post 
in the Department of Zoology from qualified 
electronics engineers with experience of servicing 
and designing electronic equipment. The appointee 
will occupy a senior position in a new Electro- 
sphysiology Research/Teaching Unit in the Zoology 
Department and will be expected to play a major 
role in advising graduate students and acadengic 
staff on the technical aspects of their research and 
teaching programmes. Previous experience of bio- 
medical electronics would be an advantage. Galary 
within the range £2,382 to £2,751 (bar) £2,862 to 
£4555 per annum. 


Applicatio® forms from Staf Appointments 
Officer, University of¢ Nottingham, University Park, 
Nottingham quoting ref. 375. Closing date: June 


30, 1974. E (2484) 


(2543) 


RESEARCH POST AT THE 
OXFORD HAEMOPHILIA CENTRE 


Applications are invited from medically qualified 
graduate scientists with some experience of research 
in some aspect of haemostasis for appointment as 
a member of a small team of Medical Research 
Council staff working at the Oxford Haemophilia 
Centre, under the direction of Dr Rosemary Biggs 
The successful candidate will be expected to co- 
operate with other members of staff on projects 
already progressing at the Centre and to initiate a 
research project or projects in the general field of 
interest of the work at the Centre. The work of 
the M.R.C. staff is integrated with that of the 
N.H.S. Clinical Unit, many projects being under- 
taken jointly, and an Honorary Clinical contract 
with the United Oxford Hospitals may be sought 
at a level appropriate for the successfui candidate 
The M.R.C. and N.H.S. staff also work in close 
co-operation with the staff of the Lister Institute 
Plasma Fractionation Laboratory and joint research 
projects may be planned. The appointment will be 
to the M.R.C. staff on the appropriate scientific 
grade and will initially be for a period of five 
years with the possibility of renewal at the end 
of this period. Superannuation provision. 


Applications should be addressed to Dr Rose- 
mary Biggs, Director, Oxford Haemophilia Centre, 
Churchill Hospital, Headington, Oxford a 

) 


cee aa 


INFORMATION SCIENTIST 


Senior management in the Malaysian natural 
rubber industry needs to be kept informed of 
techno-economic and statistical trends in rubber 
consuming countries. An abstracts-based infor- 
mation bulletin has been started as the core of a 
new information service for management, and a 
computerized retrieval system is now being de- 
veloped. 

A qualified information scientist is required 
to develop and operate this service at the Malay- 
sian Rubber Producers’ Research Association, 
which is shortly moving to new premises on an 
attractive site near Hertford. 
goeeheauen forms and further details from 
the:— 


Director, 
Malaysian Rubber Producers’ Research 
Association, 
56 Tewin Road, 
Welwyn Garden City, 
Herts, AL7 IAD, 
(2533) 
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POSITION AVAILABLE 


ENTOMOLOGIST, ASSISTANT 
OR ASSOCIATE PROFESSOR RANK 


Qualifications: Recent Ph.D., preferably 
with teaching, research or extension experi- 
ence in applied entomology. 

Duties: Teaching--To offer a course in 
economic entomology to the Diploma in 
Agriculture students; to assist in entomology 
courses for degree students; to supervise 
graduate students. 

Research—To~ conduct research in pests 
of vegetables, ornamentals or greenhouse 
crops. 

Extension—To provide extension infor- 
mation in his area of research; to identify 
insects sent in by home owners, and others 
and provide information concerning them. 

Salary: Open. 

Apply: Professor F, L. McEwen, Chair- 
man, Department of Environmental Biology, 
University of Guelph, Guelph, Ontario, 
Canada NIG 2W1. {2493} 





“KINGSTON POLYTECHNIC 
RESEARCH ASSISTANTSHIP 
SCHOOL OF GEOLOGY 


The research assistant will be required to work 
upon A SEDIMENTARY AND FAUNAL ANALY- 
SIS OF SOUDLEYAN/LONGVILLIAN (CARA. 
revere ROCKS IN SNOWDONIA, NORTH 


_This research will be conducted under the super- 
vision of Dr. J. 5. W. Penn. The selected candidate 
will be expected to register for a higher degree. 
Commencing salary £1,427, 


Application forms and further details from 
Appointments Officer, Kingston Polytechnic, Pen- 
rhyn Road, Kingston upon Thames KT1 2EE. 
01-549 1366. (2502) 





THE MIDLAND CENTRE FOR 
NEUROSURGERY & NEUROLOGY 


PATHOLOGY DEPARTMENT 


Senior Technician—Electron Microscopy 


Applications are invited for the post of Senior 
Technician in Electron Microscopy. The depart- 
ment is engaged on studies of the ultrastructural 
pathology of material from the central and peri- 
pheral nervous systems and muscle. Two Siemens 
microscopes are in use and an unusually compre- 
hensive range. of equipment is available. The 
successful candidate will be required to assist in 
instrument maintenance and in developing electron 
microscopy. Previous experience in election micro- 
scopy necessary. 

The Department may be visited by appointment 
(021-558 2311). ae 

Applications with names of two referees to 

Area Administrator, 
P.O. Box 50, 
Shaftesbury House, 
High Street, 
West Bromwich, 
B70 SLE. 
(2526) 





Faculty Position 
ELECTRICAL ENGINEERING 


Applications are invited for a position as As- 
Sociate or Full Professor in the field of Elec- 
tronic or Communication Engineering. Ph.D. and 
industrial experience required. Duties will include 
undergraduate and postgraduate teaching and 
laboratory development. The applicant should be 
able to initiate and lead research in electronics 
engineering; particular interest in communications 
or biomedical engineering would be preferable. 
Salary according to qualifications. Send applica- 
tions’ to: OQ. Gashus, Head, Electrica) 
Engineering Department, Nova Scotia Technical 
College, Halifax, Nova Scotia, Canada. (2527) 


Ph.D or M.D. TO LEAD 
IMMUNOLOGICAL RESEARCH 
DEPARTMENT 


A Ph.D. or M.D. is required by a French 
Pharmaceutical] Research Laboratory of in- 
ternational size to direct a new Department: 
Immunology applied to therapeutics, 

He (she) must be able to formulate re- 


search programmes and develop them. 
Preference is given to a Ph.D. of (and) 


M.D. with about ten years postgraduate 
experience in industrial research. 

No matter the nationality. 

Send your resume in complete confidence 
to Box No. 2531, Nature, T. G. Scott & 
Son Ltd., Clement’s Inn, London WC2A 
2ED. (2531) 





° University College of North Wales 
CHAIR OF FORESTRY 


Applications are invited for the post of Pro- 
fessor and Head of the Department of Forestry 
and Wood Science, 


The appointment will be from a date to be 
arranged and the salary will be not less than 
£5,973. 

Further particulars can be obtained from the 
Secretary and Registrar, University College of 
North Wales, Bangor, LL57 2DG. TEN copies 
of the application (ONE from overseas candi- 
dates), together with the names of three referees, 
should be sent to reach the Secretary and 
Registrar by July 8, 1974, (2532) 


STRANGEWAYS RESEARCH 
LABORATORY CAMBRIDGE 


Cell biologist required to join a group in the 
Strangeways Research Laboratory concerned with 
cell motility in relation to cancer invasion. The 
work will mainly be in electron microscopy and 
tissue culture. The post which is financed by the 
M.R.C., is for a maximum of 4 years at a 
commencing salary of not less than £1,830 + 
F.S.S.U. Applications, together with the name of 
two referees should be sent to the Administrative 
Secretary (Ref. M.A.) Strangeways Research 
Laboratory, Wort’s Causeway, Cambridge. 

(2534) 





UNIVERSITY OF WESTERN 
AUSTRALIA 


Perth 
CHAIR IN MATHEMATICS 


Applications for appointment to a Chair in the 
Department of Mathematics during 1975, prefer- 
ably before September, are invited from persons 
who have made significant contributions in the 
field of applied mathematics and who, preferably, 
have had experience of teaching at university 
level. The present research strength of the 
Department in applied mathematics is primarily 
in classical areas, but applications will be 
welcomed from persons with interests in other 
areas. 


The appointee will replace Professor J. J. Mahony 
who has resigned from the end of the year 
and will occupy one of four Chairs in the 
Department. Professor A. L. Blakers (Mathe- 
matics Education) and Professor J. P. O. Silber- 
stein (Pure Mathematics) occupy two of the 
other Chairs. The third, which is earmarked for 
Mathematical Statistics, is vacant. The headship 
of the Department is filled periodically from 
among the professors by decision of the Unj- 
versity Senate. The present Head (Chairman) 
of the Department is Professor Biakers. The 
appointee will share in the determination of 
policy and in the administration of the De- 
partment. 


The present salary for a Professor is $A19.614 na, 
Benefits include superannuation similar to FSSU, 
fares to Perth for appointee and dependent family, 
removal allowance, study leave, long service 
leave and housing loan scheme. Further infor- 
mation incuding conditions of appointment and 
details of present staff and research in the 
applied area may be obtained from the Staffing 
mcer, or from the Association of Common- 
wealth Universities (Appts), 36 Gordon Square, 


London WCIH OPF. 
Applications in duplicate stating full personal 
particulars, qualifications, experience and the 


names and addresses of three referees shoul 
reach the Staffing Officer, University of Western 
Australia, Western Australia 6009, by 20 tly 
1974. (2519) 


RESEARCH ON TRANSFERABLE 
DRUG RESISTANCE 
ENTERIC REFERENCE 
LABORATORY 


Applications are invited for two posts in the 
Enteric Reference Laboratory, Publice Health 
Laboratory Service, Colindale, directed by Pro- 
fessor E. S. Anderson, Successful candidates will 
join a team investigating transferable drug 
resistance. 


(1) A microbial geneticist to 
demiological and ecological 
transferable drug resistance 
bacteria. 


(2) A microbial or molecular geneticist for 
research on the genetic and molecular 
characterisation of plasmid transfer 

ad systems. 


Cafdidates with a Ist or 2nd class honours 
degree or a Ph.D. will be considered. Starting 
salary in accordance with age and experiente. 

Application with full curriculum vitae and 
names of 2 refePees to Peesonnel Officer, Cen- 
tral Public Health Laboratory, Colindale Avenue, 
London NW9 è (2517) 


study epi- 
aspects of 
in entero- 





Imperial College 
Department of Biochemistry 


BIO-ORGANIC CHEMIST 


Applications are invited for an 
S.R.C. Post-Doctoral Assistantship 
for work on the Biosynthesis of Fun- 
gal Sesquiterpenes in collaboration 
with Dr G. Mellows. 


Candidates should have an interest 
in and preferably experience of bio- 
logical chemistry. The appointment 
is tenable for one year, commencing 
October 1, 1974, Salary range up to 
£2,247 p.a, with FSSU, plus £162 
London allowance. 


Applications, including curriculum 
vitae, research experience and the 
names of two referees should be sent 
as soon as possible to Dr G. Mellows, 
Department of Biochemistry, Im- 
perial College, London SW7 2AY. 

(2525) 
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THE ROYAL DENTAL HOSPITAL 
OF LONDON 
SCHOOL OF DENTAL SURGERY 


(University of London) 


A Graduate Research Assistant is required by 
the Department of Physical Sciences to study 
jon-exchange and adsorption phenomena at the 
surface of hydroxyapatite, the mineral constitu- 
ent of bones and teeth. Applicants are expected 
to have or to obtain a good degree in Physics 
or Chemistry. The appointment, which 1s for 
three years in the first instance, will be on 
a salary scale from £1,417 to £1,713 (under 
review) plus a London Allowance and F.S,5.U. 
benefits. Alternatively a part-time appointment 
would be considered. ‘it 

urther particulars may be obtaine rom 
DEN. E. Waters and applications should be sent 
to the School Secretary, (N) (2520) 


eer ee RP RUN i NII SHON OIA 


RESEARCH MICROBIOLOGIST 


Following a promotion a vacancy has arisen 
at our Research Laboratories in Edgbaston, 
Birmingham, for a chemical microbiologist to 
work on the production of chemicals and enzymes 
by fermentation processes. 

Applicants, aged about 25, should have at 
least an upper second class degree preferably in 
chemistry with two or three years post graduate 
microbiological experience cither academic or 
industrial. The Company operates staff bonus 
and pension schemes and assistance with removal 
expenses will be given where appropriate. Write, 
giving full details of education and career to 
date to: 

Mr. P. E. Milsom, 

JOHN & E. STURGE LTD., 
1 Wheeleys Road, 

Birmingham, B15 ZLE. 





(2547) 


WANTED 
CYTOGENETICIST 


To join team investigating genetic and 
immunological aspects of birth defects and 
leukaemia. The main responsibility of the 
successful applicant will be to carry out, 
with technical assistance, chromosome 


studies on amniotic cells and lymphocytes 
as part of the diagnostic and the research 


activities of the department. Previous ex- 
perience desirable, This post is annually 
renewable initially and will be appointed on 
the appropriate Whitley Council scale. 
Apply to:— 
Dr. R. Harris, 
Department of Medical 
St. Mary's Hospital, 
Manchester 13, 
stating experience and giving the names of 


two individuals to whom reference may be 
made. (2536) 


Genetics, 
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UNIVERSITY OF 
NEW SOUTH WALES 


PROFESSOR OF BIOCHEMISTRY 


Applications are invited for appointment to the 
third chair to be established in the School 
of Biochemistry. A Chair of Biochemistry is 
held by Professor E.O.P. Thompson, the present 
Head of School, and Dr W. J. O’Sullivan has 
recently accepted the Chair of Medical Bio- 
chemistry. Applicants should have appropriate 
qualifications and research experience in a major 
field of biochemistry, with an interest in uni- 
versity teaching and a capability for academic 
leadership. 

The School has extensive undergraduate pro- 
grammes for students in science, applied science 
and medicine as well as postgraduate research 
activities for higher degrees. The new professor 
will supervise and participate in teaching and 
examining undergraduate and ppstgraduate stu- 
dents in the School, with particular reference 
to the lecture courses and practical training for 
students in science and applied science, and 
will engage in and promote research and advanced 


study in the field of his chair. 


Salary $A19,614 per annum. Subject to the 
consent of the University Council, professors 
may undertake a limited amount of higher 


consultative work. The University reserves the 
right to fill any chair by invitation. 

Details of appointment, including superannua- 
tion, study leave and housing scheme, may be 
obtained from the Secretary-General, Associa- 
tion of Commonwealth Universities (Appts), 36 
Gordon Square. London WCIH OPF. 

Applications close in Australia and London on 
Aupust 30, 1974. (3522) 


WHITTINGTON HOSPITAL 
LONDON N.19. 
DEPARTMENT OF CHEMICAL PATHOLOGY 
BASIC GRADE 
BIOCHEMIST 


Required to work in this well-equipped Depart- 
ment. 
The Post would suit a recent graduate and could 


provide a comprehensive training in Clinical 
Chemistry. 
For further details please contact Miss §. 


McFarlane, Senior Biochemist, Whittington Hos- 
pital, Highgate Hill, London N.19. (Tel: G1-272 
3070 Ext. 233). 

Application forms available from Hospital Per- 
sonne! Officer (Address as above). (2518) 





CHARING CROSS HOSPITAL 
MEDICAL SCHOOL 
DEPARTMENT OF BIOCHEMISTRY 


TECHNICIANS 


Applications are invited for the following posts: 


i. Senior research technician to join research 
group headed by Professor A. Neuberger, 
F.R.S., working on glycoproteins, supported 
by the Medical Research Council. Applicants 
should held HNC, AIST or equivalent quali- 
fications and have suitable laboratory ex- 
perience for this senior position. This 
appointment is from Ist July 1974 until 31st 
March 1977. The salary is on Whitley scale- 
commencing at £2,400 plus London weight- 
ing. = - 

2. Research technician to fin Professor A. 
Neuberger’s group working on the  biosyn- 
thesis of porphyrins, supported by the Well- 
come Trust. Applicants should hold recogni- 
sable qualifications for this post which is 
from ist July 1974 until 3ist March 1977, 
salary £1845 pius London Weighting. Applica- 
tions, in writing, to the Secretary, Charing 
Cross Hospital Medica] School, Brandenburgh 
House, Fulham, W.6. (2542) 





THE NORTH OF SCOTLAND 
COLLEGE OF AGRICULTURE 


Applications are invited for the post of 
SPECIALIST ADVISORY OFFICER in Animal 
Husbandry. In addition to Specialist Advisory 
Work duties include participation in Research 
and Development. Posting, for some years at 
least, will be to Inverness to serve the six coun- 
ties of the Highland Region, 


Salary Scale: Grade IV £1,584-£2,148 
Grade III £2,328-£4,061 


Cost of living safeguard allowance payable in 
addition. Superannuation Scheme. 

Forms of application and further particulars 
of the post (Reference Number 46/74) may be 
obtained from the Secretary, The North of 
Scotland College of Agriculture, School of Agri- 
culture Building, 58! King Street, Aberdeen 
ABS {UD with whom application should be 
lodged not later than 10th July, 1974, 

(2545) 


UNIVERSITY OF BIRMINGHAM 
DEPARTMENT OF CANCER STUDIES 


Research Technician, Grade ITI, is required 
to work on a project involving a study of the 
mechanism of carcinogenesis by chemical com- 
pounds. Biochemical work, tissue culture work 
and some animal experimentation will be 
volved. Preference will be given 
with experience in either biochemistry or tissue 
culture techniques. Applicants must have an 
ONC in an appropriate subject and several years 
laboratory experience. Salary will be on the 
scale £1,650-£1,920. Applications should be sent 
with a curriculum vitae and the names of two 
referees to the Personnel Department, University 
of Birmingham, Birmingham, BIS 2TT. Ref. 
450/B/264. (2546) 





UNIVERSITY OF READING 


DEPARTMENT OF PHYSIOLOGY AND 
BIOCHEMISTRY 


RESEARCH DEMONSTRATOR 


required for work on the regulation of luteinising 
hormone secretion in the chicken, invalving the use 
of neurophysiologica] and radioimmunoassay tech- 
niques. Candidates should have a degree in Physi- 
ology or Zoology or a related discipline and may 
register for a higher degree. The post will be for 
three years from October I, 1974 with possible 
extension and involves about 12 hours demonstrat- 
ing per week during term. Salary in the scale 
£1.047 by £51 to £1,149 p.a. (under review). Apply 
with names of two referees, quoting Ref. TN 48, 
to Assistant Bursar (Personnel), University of 
Reading, Whiteknights, Reading RG6 2AH. 
(2560) 





UNIVERSITY OF BRISTOL 


Postdoctoral Protein 
Crystallographer 


Applications are invited for an 
S.R.C, post to work on the crystal 
structure of pyruvate  kirase or 
phospho glucose isomerase. The re- 
search will involve the development 
of computer programs to handle data 
collected by an oscillation camera. 
The appointment is for a period of 
two years with an initial salary of up 
to £2,058 per annum depending on 
experience. Previous research ex- 
perience in crystallography is essential. 


Applications, including a brief 
curriculum vitae and names and 
addresses of two referees, should be 
sent to Dr. H. Kinase, Department of 
Biochemistry, University Walk, Bristol 
BS8 1TD. (2558) 





JOHN INNES INSTITUTE 


DEPARTMENT OF ULTRASTRUCTURAL 
STUDIES 


The Department of Ultrastructural Studies is 
accommodated in a new laboratory with extensive 
facilities for studying plant call systems with the 
aid of electron microscopy and light microscopy. 

A vacancy exists in the Department for an assist- 
ant to work on the ultrastructure of plant cells 
and protoplasts. An interest in the visualisation of 
celi structure is essential. Some experience in 
microscopy will be an advantage but the successful 
applicant will be given training in electron micro- 
scopy and tissue culture techniques. 

The appointment will be as a SCIENTIFIC 
OFFICER (£1,435 to £2,329) or ASSISTANT 
SCIENTIFIC OFFICER (£961 to £1,729). Grade 
and starting salary will be determined by qualifica- 
tions and experience. H.N.C. or pass degree 
qualifications are required for appointment to the 
Scientific Officer grade. Superannuation benefits are 
provided under the Institute’s Scheme for Clerical 
and Technical Staff with 54% allowance in addi- 
tion to salary to offset contributions. 

Applications with full curriculum vitae and the 
names of two referees should be sent to the 
Secretary, John Innes Institute, Colney Lane, 
Norwich NOR 7OF, by July 5, 1974. (2540) 


TECHNICIAN (Grade 3) s 


required in Department of Microbiology, University 
of Reading, to assist in research on bactêrial 
classification and, to prepare materials for classes. 
Integest in photomicrography an advantage. Salary 
in scale £1,650@to £1,920 p.a. Apply stating qualifi- 
cations and experience and names of two referees, 
quoting Ref. TN46, to ‘Assistant Bursar (Personnel), 
University of Reading, Whiteknights, Reading RG6 
2AH. e (2559) 


in- | 
to candidates ` 


UNIVERSITY OF NOTTINGHAM 


DEPARTMENT OF PHYSIOLOGY AND 
ENVIRONMENTAL STUDIES 


Applications are invited for a Lectureship in the 
above Department in the School of Agriculture. 
Areas of interest should preferably include the 
regulation of enzyme activities, the control of 
photosynthetic processes, and cellular aspects of 
growth and development, although other areas will 
not necessarily be excluded. The salary will be on 
the Lecturers scale: £2,118 to £4,896 although the 
appointment will initially be made within the first 
three points of the scale. The appointment is 
tenable from October 1, 1974. 

Application forms and conditions of appointment 
available from Staff Appointments Officer, Uni- 
versity of Nottingham, University Park. Nottingham 
NG7 2RD. Please quote ref. 377. Closing date 
June 30, 1974. (2553) 





INSTITUTE FOR MARINE 
ENVIRONMENTAL RESEARCH, 


EDINBURGH 
ECOLOGISTS °, ° 
The research programmes of the Edinburgh 


Oceanographic Laboratory of I.M.E.R. are de- 
signed to describe and analyse variability und to 
formulate models of pelagic ecosystems, based 
largely on the Continuous Plankton Recorder 
survey of the North Atlantic Ocean and North Sea 
for which 27 years’ data and computing facilitics 
are available. 

Applications are invited for two posts in the 
existing team of biologists and physicists at Edin- 
burgh which is expected to move to Plymouth 
within the next three years: 

ZOOPLANKTON ECOLOGIST (Post 38): Re- 
search on spatial and temporal variability. and 
population dynamics, of zooplankton in the C.P.R. 
survey. First or good second-class honours in 
zoology, preferably with experience of marine 
ecology and knowledge of computing. 

SYSTEMS ECOLOGIST (Post 42): Research on 
structure and dynamics of plankton communities in 
relation to environmental variability, leading to 
formulation and validation of models of pelagic 
ecosystems, First or good second-class honours in 
a relevant biclogical or mathematical science, with 
experience of ecosystem analysis and modelling. 

Grades and starting pay dependent on age, 
qualifications and experience. Candidates will be 
considered for appointment at Higher Scientific 
Officer/Senior Scientific Officer level (salary range 
£2,221 to £3,895) and exceptionally well qualified 
candidates will be considered for Principal Scientific 
Officer (£3,715 to £4.895) (Scales under review). 

Non-contributory Pension Scheme. 

For application forms or further particulars 
write (specifying post 38 or 42) to the Director, 
Institute for Marine Environmental Research. 67/69 
Citadel Road, Plymouth PLI 3DH, Devon. 

CLOSING DATE: JULY 10, 1974. (2541) 


UNIVERSITY OF SURREY 
LECTURER/INDUSTRIAL TUTOR 
DEPARTMENT OF BIOCHEMISTRY 


Applications are invited from suitably qualified 
graduates with experience in the pharmaceutical or 
food industry for this new post in the Department 
of Biochemistry. The successful candidate will be 
required to organise the year of industrial ex- 
perience of students reading for the 4-year B.Sc. 
Courses in Biochemistry and Nutrition, and to 
participate in the teaching, administration and 
research of the Department. 


The teaching of the Department includes courses 
in biochemistry, clinical biochemistry, food science, 
nutrition, pharmacology and toxicology. Preference 
will be given to candidates with teaching/research 
interests in food science, pharmacological, or 
clinical biochemistry. 

Salary, within the scale £2,118 to £4,896 per 
annum, with F.S.S.U., from October 1, 1974. 

Further particulars of the post may be obtained 
from the Academic Registrar (L.F.G.), University 
of Surrey, Guildford GU2 5XH. Telephone: Guild- 
ford 71281, extension 452, and to whom applica- 
tions should be sent, in the form of a curriculum 
vitae, including present salary and the names and 
addresses of two referees, by Friday, July 12. 1974, 

(2552) 





THE ROYAL FREE HOSPITAL 
DEPARTMENT OF NEUROLOGY 


RESEARCH ASSOCIATE 


Postdoctoral fellow required for work in muscle 
spindle mopphology. Preference will be given to 
those with experience in electron microscopy. 

The post is available from September 1, 1974 
and the appointment would be for 3 years. Salary 
to a maximum of £2,232 first year depending on 
qualifications and experience. 

Applications, naming two referees, to the Secre- 
tary, Department of Neurology, The Royal Free 
Hospital, Grays Inn Road, London WC1X recor 
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UNIVERSITY OF BIRMINGHAM 
DEPARTMENT OF SPACE RESEARCH 


Applications are invited for two posts, supported 
by S.R.C. grants: 
X-RAY ASTRONOMY 


Research Associate to carry out theoretical and 
laboratory studies of grazing incidence optical sys- 
tems for use in X-ray telescopes. Previous experi- 
ence of X-ray techniques useful but not essential. 
The posts is available for two years in the first 
instance, 

ION-MOLECULE COLLISIONS 


Research Associate within a group carrying out 
measurements of ion-ion and ion-molecule reaction 
rates using an advanced flowing afterglow apparatus. 
Experience with these techniques or with spectro- 
scopic techniques would be advantageous but is not 
essential. The post is available for three years. 

Salary scale (under review): Research Associate 
£1.569 to £2,223: Exceptionally: Senior Research 
Associate £2,223 to £2,718 plus F.S.S.U. 

Applications (3 copies) naming 3 referees to the 
Assistant Registrar (S). University of Birmingham, 
Birmingham B15 2TT by July 22, 1974. Quote 
Ref. NL7, (2562) 


MEDICAL RESEARCH COUNCIL 


*NATIONAL INSTITUTE FOR 
MEDICAL RESEARCH 


MOLECULAR GENETICIST 


A Scientist with postdoctoral experience is re- 
quired to join a small group working on the 
molecular biology and genetics of veast. Primary 
interests of the group are in the replication and 
function of nuclear and mitochondria! DNA and 
of the molecular and genetic interrelationships 
between the nuclear and mitochondrial genomes. 

Incremental salary according to age and qualifica- 
tions within the range £2,223 to £3,378 p.a. plus 





£162 pa. London Allowance and F.S.S.U. 
provision. 

Applications, giving the names of two profes- 
sional referees, should be sent to the Director, 


National Institute for Medical Research, Mill Hill. 
London NW7 IAA. (2565) 


SEALE-HAYNE COLLEGE 
LECTURER IN THE DEPARTMENT 
OF BIOLOGICAL SCIENCES 


Applications are invited from suitably qualified 
AGRICULTURALISTS or BIOLOGISTS. Candi- 
dates should have interests in one or more of the 


following: 
CROP PHYSIOLOGY 
ANIMAL PHYSIOLOGY 
ECOLOGY 


The main courses taught at the College include 
five Higher National Diplomas, two Ordinary 
National Diplomas as well as post-graduate/post- 
diploma certificate courses. 

The appointment will be at either the Lecturer 
Grade í or Lecturer Grade If, Scales of Salaries 
for Teachers in Further Education, according to 
age and experience. Further particulars may be 
obtained from The Principal, Seale-Hayne College, 
Newton Abbot, Devon, to whom applications 





should be sent by July 12, 1974. 





PHARMACOLOGISTS/ 
TOXICOLOGISTS 
Honours Graduates/Postdoctoral Fellows, 


with some experience preferred. required for 
research and toxicological studies of com- 
pounds of potential therapeutic importance. 
Excellent opportunities for advancement in 
modern, well-equipped laboratory. Pension 
and Assurance Scheme. Application forms 
from the Secretary, Biorex Laboratories Ltd., 
Biorex House, Canonbury Villas, London NI! 
2HB. (2563) 





* UNIVERSITY COLLEGE DUBLIN 


‘APPOINTMENT IN PHARMACOLOGY 


Applications are invited for a teaching post in 
the Department of Pharmacology. Candidates must 
have a Ph.D. or an equivalent qualification either 


(i) in pharmacology or physiology 


or 
(ii) in a cognate subject, provided that the candi- 
date has had a significant undergraduate 


broad training in physiology. 

The current salary scales are: 

College Lecturer £3.514 by £162 to £4.648, 
Assistant Lecturer £2,420 by £129 to £3,323, 

Entry point on the relevant scale will be in 
accordance with qualifications and experience. 

A non-contributory pension -scheme and family 
allowances are additional to salary. An alternative 
contributory F.S.S.U. type scheme is also available. 

Further information and details of application 
procedure may be obtained from: 

Mr J. P. MacHale, 

Secretary and Bursar, 

University College, 

Belfield, 

Dublin 4. | oy 

Latest date for receipt of completed applications 
is Friday, July 5, 1974. (25 


INSTITUTE OF CANCER RESEARCH 
SUTTON, SURREY BRANCH 


RADIATION CHEMIST/BIOCHEMIST 
Ph.D. 


A vacancy exists on the full time research staff 
for a suitably qualified scientist to work within an 
M.R.C. sponsored research program. The suc- 
cessful applicant will be applying pulse radiolysis 
and other radiation techniques to radiobiology and 
radiotherapy problems. Salary on the lectureship 
scale (M.R.C. Grade II) with F.S.S.U. Candidates 
from overseas who may be attending the Seattle 
Congress of Radiation Research July 14-20 could 
be interviewed there by contacting Professor Boag. 

Application in duplicate with names of two 
referces should be sent to the Secretary, 34 Sumner 
Place, London SW7 3NU, quoting Ref. pea 








THE NEW SOUTH WALES INSTITUTE 
OF TECHNOLOGY 
SYDNEY. AUSTRALIA 


PRINCIPAL LECTURER AND HEAD 
OF DEPARTMENT OF CELLULAR 
PATHOLOGY 


in the 
SCHOOL OF LIFE SCIENCES 
SALARY $A15,744 to $A16,389 p.a. 


The School occtipies a new six-storey building 
adjacent to a large teaching hospital (Royal North 
Shore). There are well equipped laboratories for 
general biology, biochemistry, microbiology, en- 
vironmental biology, physical biology and bio- 
medical subjects. 

The appointee will be responsible to the head 
of the School for the teaching and the development 
of degree level programmes in cellular pathology. 

This will include developing courses in haema- 
tology, blood storage, histopathology and histo- 
chemistry, The appointee will also be required to 
study current trends in the fields mentioned, and 
to make recommendations on new undergraduate 
and postgraduate courses. 

It is anticipated that the appointee will be 
medically qualified, possess appropriate postgraduate 
qualifications and have substantial professional ex- 
perience. Depending on his interests and experience 
he may be offered an association with the Royal 
North Shore Hospital. in which case a right of 
limited private practice may be approved under 
similar terms and conditions to other such appoint- 
ments to the hospital. 

The pdsition is offered with tenure. Super- 
annuation, long service leave and an appropriate 
housing loan scheme are available. Also fares will 
be paid for the successful appointee and a con- 
tribution will be made towards initial accommoda- 
tion expenses. 

Enquiries regarding the Institute may be made 
with the Agent-General, New South Wales Govern- 
ment Offices, 66 Strand. London WC2 SLZ. 

Applications close with the Agent-General on 
July 26, 1974. (2549) 





FELLOWSHIPS AND STUDENTSHIPS 


KINGSTON POLYTECHNIC 
RESEARCH STUDENTSHIP 


SCHOOL OF CHEMICAL AND 
PHYSICAL SCIENCES 
Applications are invited fram good honours 
graduates in chemistry for a postgraduate research 
studentship. The successful candidate wf be regis- 
tered for a higher degree and will be involved in 
the study of the rôle of Boric Acid in the Synthesis 
of Anthraquinone Dyestuffs, in collaboration with 
Borax Consolidated Ltd. and I.C.1. (Organic Div.). 


Enquiries to Dr P. B. Brindley, School of 
Chemical and Physical Sciences, Kingston Poly- 
technic, Penrhyn Road, Kingston upon Thames 
KTI 2EE. (2501) 


UNIVERSITY OF VIENNA 
DEPARTMENT OF PHYSICS 


POSTDOCTORAL RESEARCH 
FELLOWSHIP 


° Applications of Physicists and Metallurgists are 
i&vited for Basic Research on the deformation of 
metals. The group guided by Prof G. Schoeck 
works on plasticity of b.c.c. single crystals. 


Electron-microscoov, low temperatere and hydraulice 


deformation facilities are available. Knowledge of 
German not essential. Salary appro®. £2,000 p.a.. 
after tax. Addres® anolications and enquiries to H. 
Kirchner, If. Phys. Inst., A-1090 Strudlhofeasse 4. 
ġ (2505) 
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THE UNIVERSITY COLLEGE 
OF WALES 
ABERYSTWYTH 
DEPARTMENT OF PHYSICS 


Applications are invited for postgraduate work 
in the Department of Physics for sesssion 1974-75. 
The Science Research Council is prepared to offer 
to suitable candidates a limited number of Research 
Studentships for ionosphere and space research 
and studies of atomic collisions in plasmas, shock 
and detonation waves, and the flow of non- 
Newtonian fluids. 

The Science Research Council has also accepted 
the postgraduate course on Physics of the Atmos- 
phere as suitable for tenure of its Advanced Course 
Studentships. 

Applications to Professor W. J. G. Beynon, 
F.R.S., Department of Physics, University College 
of Wales, Aberystwyth. (2478) 


UNIVERSITY OF SOUTHAMPTON 
DEPARTMENT OF CHEMISTRY 


Postdoctoral Research Fellowship available from 
October 1974 ta work on time-resolved fluorescence 
spectroscopy of aromatic molecules using mode- 
locked laser as excitation source. Starting salary up 
to £2,058 p.a. (under review) according to age 
and experience, A 

For further details please write to Dr D. Phillips, 
Department of Chemistry. University of Southamp- 
ton, Southampton SO9 SNH. (2479) 


THE SCHOOL OF PHARMACY 
UNIVERSITY OF LONDON 


RESEARCH STUDENTSHIP IN 
NEUROPHARMACOLOGY 


An M.R.C. Research Studentship is available in 
the Department of Pharmacology for 3 years from 
October 1974 for neuropharmacological studies on 
sympathetic ganglia using  electrophysiological 
and/or radio-active tracer techniques. Applicants 
should hold, or expect to attain, a good honours 
degree in a relevant subject and would be en- 
couraged to register for a higher degree in the 


University of London. 


Enquiries and applications should be made to 
Dr D. A. Brown, Department of Pharmacology, 
The Schoo! of Pharmacy, 29/39 Brunswick Square. 
London WCIN 1AX. (2497) 





THE UNIVERSITY OF MANCHESTER 
DEPARTMENT OF MEDICAL BIOCHEMISTRY 


S.R.C. RESEARCH STUDENTSHIP 


Applications are invited for an S.R.C. Research 
Studentship tenable from October 1, 1974, to study 
aspects of the biosynthesis of connective tissuc 
macromolecules. Applicants are expected to have, 
or to obtain, a first or upper second class honours 
degree in biochemistry or an allied subject. Further 
information is available from Professor D. S. 
Jackson, Dept. of Medical Biochemistry. University 
of Manchester Medical School, Oxford Road, Man- 
chester M13 9PT, to whom applications including 
a brief curriculum vitae and the names of two 
referees should be forwarded as soon as possible, 

(2480) 


UNIVERSITY OF BIRMINGHAM 
FACULTY OF MEDICINE AND 
DENTISTRY 
DEPARTMENT OF PHYSIOLOGY 


Applications are invited for a POSTDOCTORAL 
RESEARCH FELLOWSHIP to collaborate in a 
study of the physiological and pharmacological 
regulation of renin release under the supervision of 
Dr B. Singer. i 

Starting salary up to £2,553 p.a. plus F.S.S.U., 
depending on age and experience. 

Applications, with curriculum vitae. naming two 
referees, should be sent to Professor S. M. Hilton. 
Head of the Department of Physiology. The Medical 
School, Birmingham L15 2TJ. (2476) 








UNIVERSITY OF LONDON 
REACTOR CENTRE 


(IMPERIAL COLLEGE OF SCIENCE 
AND TECHNOLOGY) 


S.R.C. RESEARCH STUDENTSHIPS 


The Science Research Council is prepared this 
year to offer to suitable candidates a limited number 
of research studentships tenable at the University of 
London Reactor Centre. The value of these awards 
will be £695 p.a, (under review). 

The areas of research for which studentships may 
be available are the following: 


(i) Heat transfer studies on the U.L.R.C. 
reactor; 

(ii) Fast reactor physics: 

(iii) Neutron activation analysis. 

Candidates who possess. or hope shortiv to 


obtain. a good honours degree in a relevant subject 
are invited to wrife for further information to: 
Dr T. B. MacMahon, University of London 
Reactor Centre. Silwood Park, Sunninghill, Ascot, 
Berkshire SLS 7PY, (2503) 


A 
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LANCHESTER POLYTECHNIC 
S.R.C. RESEARCH 
STUDENTSHIPS 


The Science Research Council is prepared 
to offer to suitable candidates two CASE 
Research Studentships at Lanchester Poly- 
technic to undertake research for a PhD 
Degree in the fields of: 


SOLID STATE PHYSICS 
CORROSION FATIGUE 


Applicants should possess, or expect to 
obtain this summer, a first or upper second 
class Honours Degree or the equivalent in an 
appropriate subject. 

Application forms and further particulars 
available from the Assistant Secretary (Per- 


sonnel), Lanchester Polytechnic, Priory 
Street, Coventry CV1 SFB, returnable by 
July 8, 1974. (2475) 


PH.D STUDENTSHIPS 


INSTITUTE OF CANCER RESEARCH 
(UNIVERSITY OF LONDON) 


Two postgraduate Studentships will be available 
from October 1974 for studies on: 


1. The chemical mechanisms involved in radio- 
biology and enzymology. The work will in- 
valve the application of rapid mixing tech- 
niques combined with pulse radiolysis. and 
rapid freezing, to investigate the radiation 
chemistry of radiosensitisers and of the 
mechanistics of fast enzymatic processes. 


2. Development of tissue culture methods for 
the study of Sertoli cells from animal and 
human tissues with special reference to their 
structure and biochemical function. 


Applicants should have or expect to have at least 
an upper second class honours degree in bio- 
chemistry, chemistry or possibly physics (No. 1) or 
in biochemistry, zoology or a related subject 
(No. 2). 

Applications to The Dean. Institute of Cancer 
Research, 26 Neville Street, London SW7 3AS. 

(2482) 





University of Kent at Canterbury 


RESEARCH FELLOWSHIP 
IN BIOCHEMISTRY 


Applications are invited for a post-doctoral 
research fellowship involving work on nucleic 
acid and protein metabolism of malaria parasites 
and the effects of drugs. The appointment will 
be initially for one year, with the possibility of 
extension. Salary in the range £2,118-£2.412 with 
F.S.S.U. benefits. Application forms and further 
particulars may be obtained from the Assistant 
Registrar, Faculty of Natural Sciences, Chemical 
Laboratory, The University, Canterbury, Kent 
CT2 7NH to whom completed applications should 
be returned by July 19, 1974. Please quate ref. 
A60/74. (2530) 





UNIVERSITY OF BIRMINGHAM 
NEUROCOMMUNICATIONS 
RESEARCH UNIT 


A vacancy occurs in the above Unit for a 
Research Fellow, preferably with relevant research 
experience, to study the electrophysiology of the 
mammalian cortex in relation to complex sound 
stimuli, Appointment for a period of one year 
from August 1, 1974, or as soon thereafter as 
possible. 

Salary scale (under review): £1,929 to £2,223 
p.a. or, exceptionally, to £2,388 p.a. plus F.S.S.U. 

Further particulars from Assistant Registrar (RS). 
University of Birmingham, P.O. Box 363, Birming- 
ham BIS 2TT, to whom applications (five copies) 
naming two referees should be sent by July 10, 
1974, (2561) 





THE EDINBURGH SCHOOL OF 
AGRICULTURE 


RESEARCH STUDENTSHIP 


Applications are invited for a thrée-year 
research studentship financed by the British 
Egg Marketing Board for work on bio- 
chemical aspects of food intake regulation 
in poultry. The successful candidate will be 
required to possess a good honours degree 
in biochemistry, physiology or agricultural 
science, The value of the award is £750 
per annum plus post-graduate fees, 


Further information and application form 
from the Secretary, The Edinburgh School 
of Agriculture, West Mains Road, Edinburgh 
EHS 3JG. (2524) 


NEW ZEALAND 


Senior and Post-doctoral 
Research Fellowships 


2 
The New Zealand National Research Advisory Council- 


invites applications for 10 Senior and Postdoctoral Fellow- 
ships to be taken up in New Zealand in 1975. The awards 
will be for scientific research in Government Departments. A 
good working knowledge of English is required. 


The emoluments will be: Senior, within the range NZ$10,288 
to NZ$15,265, Postdoctural NZ$8,637. All emoluments are 
taxable. 


Senior Fellowships will normally be for a period of from 
nine months to year and Postdoctoral Fellowships for a 
period of from two to three years. 


Application forms and further particulars may be obtained 
from: The Senior Administration Officer, Nationa] Research 
Advisory Council, Box 8004, Wellington, New Zealand; The 
Senior Scientific Adviser, New Zealand High Commission, 
New Zealand House, Haymarket, London SWIY 4TQ Eng- 
land; from the New Zealand Embassy, 19 Observatory Circle, 
N.W., Washington D.C. 20008, U.S.A.; from the New Zea- 
land High Commission, Suite 804, Commonwealth Building, 
77 Metcalfe Street, Ottawa, Canada KIP SL6; from the 
New Zealand High Commission, Commonwealth Ave., 
Canberra 2600, A.C.T., Australia; from the New Zealand 
Embassy, 20-40 Kamiyama-cho Shibuya-ku, Tokyo 150, 
Japan; from the New Zealand Embassy in Bangkok, Bonn, 
Brussels, The Hague, Jakarta, Lima, Paris, Rome, Saigon, 
Santiago, Seoul; from the New Zealand Consulate-General in 
Athens, Geneva, Los Angeles, New York, San Francisco, 
Sydney; from the New Zealand Commission in Hong Kong; 
and from the New Zealand High Commission in Kuala 
Lumpur, and Singapore. 


Applications must reach the Council’s office by September 
30 1974, 


(2488) 


° 


University of Aberdeen 


DEPARTMENT OF ZOOLOGY 


An S,R.C. Research Studentship is available in 
the Department of Zoology, University of Aber- 
deen, for any one of the following projects- 

1. Characterisation of information transfer 

between macrophages and lymphocytes, 

2. The effect of polyanions on immunosup- 

pressed mice. 

3. Tracheal gas composition and oxygen uptakg 

in aquatic insects. K 

å. Ligand induced redistribution of cell surface 


receptors. + 
5. Electron microscope studies of uterine 
e Cancers. 

Further information and applications forms 


may be had from Dre D. T. G@uld, Department 
of Zoology, Tillydrone Avenue, Aberdeen AB9 
TN. Pe (2528) 


UNIVERSITY OF HULL 
PSYCHOLOGY DEPARTMENT 


RESEARCH STUDENTSHIP 
SOCIAL PSYCHOLOGY OF PET-KEEPING 


Applications are invited for this studentship 
which is sponsored by Pedigree Petfoods Ltd. Ten- 
able for three years, the studentship commences 
in September 1974 and is valued at £1,200 tax 
free, per annum, with an annual allowance for 
research expenses. 


Candidat@& should hold a first or second class 
honours degree in psychology. Some experience in 
market research or of fieldwork in a related area 
would be an advantage. Further details can be 
obtained from Mr J. G. M’Comisky, Department 
of Psychology, The University, Hull HU6 7RX. 


Applications (three copies) giving the names of 
two referees, should be sent to the abovenamed 
by July 1, 1974. (2485) 
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THE UNIVERSITY OF LEEDS 
PROCTER DEPARTMENT OF FOOD AND LEATHER SCIENCE 


OPPORTUNITIES FOR POSTGRADUATE RESEARCH 


Several postgraduate studentships will be available in 


the department from October 


1974. Areas of work for which grants may be available are: 
Application of food technology to the catering industry; 


Basic studies of leather processing: 


Biochemical aspects of utilisation of fish proteins, citrus waste, beet waste; 


Carbohydrate-pratein interactions: 


Cereal foods of developing countries; 


Electron-microscopy of foodstuffs; 
Electron microscope studies 


3 in leather manufacture; 
Fat-globule membrane in ice-cream; 


Flavour studies using combined G.L.C.-mass spectrometry: 


Fluidisation of particulate foods; 
Lipid-protein 


interactions in relation 


to meats; 


Mechanical behaviour and structure of skin and leather; : 
Microstructure of cakes with special reference to the rôle of emulsificrs; 


Pectolytic enzymes; 


Physical and chemical properties of flour doughs; 


Rapid methods of food analysis; 
Structure of proteins in foods; and 


Studies of ancient Jeathers and parchments. 
[epending on the area of interest. a good degree in chemistry, biochemistry. physics, 


chemical engineering, or a biological subject would be appropriate. All awards permit 


registration for a higher degree, 


Enquiries and requests for application forms to Professor A. G. 
Department of Food and Leather Science, The University, Leeds LS2 9JT. 


POST DOCTORAL RESEARCH 
FELLOW 


required to work in the Division of Experi- 
mental Pathology. The vacancy is for three 
years, and will involve some work being carried 
out in the Department of Experimental Patho- 
logy, University of Birmingham. The project 
is M.R.C, supported, and will be concerned with 
studies of the kinetics of lymphoid cells in (NE 
mouse, Background and experience in immu- 
nology, lymphoid physiology and/or avtoradio- 
graphic techniques will be an advantage. 


Applications with curriculum vitae and names 
of two referees to The General Secretary, Kennedy 
Institute of Rheumatology, Bute Gardens, London 
W6 TDW. (2548) 





RESEARCH STUDENTSHIPS 


Applications are invited for two ‘three-year 
Research Studentships, tenable from October 1, 
1974, at the M.R.C, Dunn Nutritional Laboratory, 
Cambridge, in the following areas: 


(1) The relationship between protein metabolism 
and hormonal status in animals subjected to 
protein-energy malnutrition. 


_ (2) The biochemical effects of riboflavin deficiency 
im an experimental animal, to relate the known 
parameters of subclinical riboflavin deficiency with 
biochemical lesions which may have pathological 
consequences. These studies will form part of a 
new programme, the aim of which is to examine 
various aspects of human nutritional status in 
relation to the water-soluble vntamins. 


Applicants should have, or be expecting this 
summer, a first or upper second class honours 
degree, preferably in Biochemistry or Nutritional] 
Science, and should send their curriculum vitae and 
names of two referees for (1) to Dr P. G. Lunn 
and (2) to Dr C. J. Bates, at the Dunn Nutritional 
Laboratory, Milton Road. Cambridge CB4 IXJ, 
not later than June 30, 1974, (2556) 


UNIVERSITY COLLEGE 
CARDIFF 


DEPARTMENT OF APPLIED 
MATHEMATICS AND ASTRONOMY 


Applications are invited from those possess- 
ing or expecting to have a First or Upper 
Second Class Honours Degree in Mathematics 
or Physics for two S.R.C. Studentships. The 
first is in the areas of astrophysics and genera! 
relativity and the second is in atomic scatter- 
ing theory, plasma physics or solid state (with 
special reference to disordered systems or 
theory of smal! particles). Applicants: will be 
expected to register for a Ph.D. Applications 
to Professor N. C, Wickramasinghe, Depart- 
ment of Applied Mathematics and Astronomy, 
University College, P.O. Box 78, Cardiff CÈI 
IXL. Please quote ref. 0594. (2557) 





Ward, Procter 
(2555) 


THAMES POLYTECHNIC 


FACULTY OF ARCHITECTURE AND 
SURVEYING 


RESEARCH STUDENTSHIP 


A vacancy will be available in October 
for a Research Student to undertake research 
leading to a Higher Degree in either some 
aspect of energy conservation in buildings 
or the application of computers in building 
design. The research will be based at the 
Faculty of Architecture and Surveying, 
which is at Hammersmith, London, W.6. 
The applicant should hold or expect to 
achieve in 1974, a good honours degree in 
Physics, an Engineering ‘discipline, Archi- 
tecture or Surveying. A Science Research 
Council Studentship may be available to 
a suitably qualified applicant. 


Please write for further information and 
application form to the Secretary, Thames 
Polytechnic, Wellington Street, London 
SE18 6PF. (2550) 





GRANTS 





THE NATIONAL 
KIDNEY RESEARCH FUND 


invites applications for grants for renal research 
at units within the United Kingdom. Application 
forms are available from The Secretary, 184B 
Station Road, Harrow, Middlesex HAIL 2RH 
(01-863 4460). Completed applications will be 
required by July 31, 1974. (2454) 


NATIONAL VEGETABLE RESEARCH 
STATION 


RESEARCH SCHOLARSHIP 


Applications are invited from honours gradu-. 


ates (or those shortly to graduate) wishing to 
pursue further studies and obtain training in one 
f the lines of research in progress at the 
tation. The Scholarship value £700 per annum 
(ander review), plus Univ. fees for higher degree, 
is tenable for two years, with possible extension 
to three years. The awards will date from Ist 
October, 1974. e 


Closing date for applications Julyel8, 1974. ° 


Further partic@lars and spplication form from 
Secretary, NVRS, Wellesbourne, Warwick CV35 
SEF. ö (2529) 





LECTURES AND COURSES 





CHELSEA COLLEGE 
University of London l 
MSc COURSE IN CYBERNETICS : 


Applications are invited from suitably qualified 
graduates in related subjects for a two-year 
part-time evening course in Cybernetics com- 
mencing Thursday 10th October, 1974 at 6.00 p.m. 
The course deals with control and communication 
problems in man and machines, Those not quali- 
fied to register for an MSc degree may attend 
the course to improve their knowledge of the 
subject (Fee: £20.25  p.a.). 

Application forms may be obtained from Mrs 
P. Smith, Electronics Dept., Chelsea College, 
Pulton Place, London SW6 5PR (01-736 1244, 
Ext. 237). (2521) 





MISCELLANEOUS 


SABBATICAL? 


homes/apts. worldwide. 
$7.00 (US)/directory or free brochure. 
LOAN-A-HOME, 18 Darwood Place, Mt. 
Vernon, NY 10553, U.S.A. (2514) 


Rent/exchange 


FOR SALE AND WANTED 


Always wanted: 


BACK RUNS OF JOURNALS 
IN SCIENCE AND THE HUMANITIES 


WM. DAWSON & SONS LTD. 
Back Issues Department, 
Cannon House, Park Farm Road, 
Folkestone, Kent, England. 
Tel.: Folkestone 57421. (1) 
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LARGE STOCK ALWAYS AVAILABLE 

























-Many of the „books reviewed or 
mentioned in this journal are available 


from stock. Foreign books supplied 
with the least possible delay. 


Catalogues on application. Piras state interests 


>. {SCIENTIFIC LIB 


New books and latest editions available promptly 
ANNUAL SUBSCRIPTION | from £3.00 
(Reduced rates for multiple subscriptions) 

Available in U.K. only 





Prospectus free on request 





IO Second-ha nd Books 


Large stock of recent. editions 
| 4. K. LEWIS & Co. Ltd. 


E LONDON: 136 GOWER STREET, WCIE 6BS 
| a | Telephone: 01-387 4282 













some of the New Range 
of Labelled Drugs available 


[(1(n)--H] Morphine 

20-30 Ci/mmol! TRE 447 
Diacety! [1(n)--H] morphine 

20-30 Ci/mmol! TRK 449 
(1, 7,8 (n) H] Dihydromorphine 

70-90 Ci/mmol TRE ASO. 


A- [G-H] Tetrahydrocannabino! 
5-15 Ci/mmol TRK 446 









Full details on request. 










Amersham .- 


The Radiochemical Centre Limited, Amersham, Englend. : 
in the Americas: Amershom/Searle Corp, Hingis 0005. leb JASLAR 
In W. Germany; Amersham Buchler GmbH & Co, KG, Bean e te egi, 
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Pre-publication offer: Save $50 on 
the new Aldrıch 10 volume NMR collection 





Here is a list of contents in sequence of publication. 


Vol. IV 
(Cat. # 210,204-0) AROMATIC hydrocar- 
bons, halogenated hydrocarbons, ethers & 
phenols 


Vol. V 


(Cat. # Z10,.205-9) AROMATIC alcohols, mer- 
captans, sulfides, amines. nitro & nitroso 
compounds. 


Vol. VI 


(Cat. # Z10,206-7) AROMATIC ketones, alde- 
hydes, carboxylic acids & acid salts 


Vol. vil 
(Cat. # Z10,207-5) AROMATIC amino acids. 
esters, lactones, anhydrides, acid halides, 
amides, nitriles & cumulated double bonds 


Vol. | 
(Cat. # Z10,201-6) NON-AROMATIC hydrocar- 


bons, halogenated hydrocarbons, alcohols, , 


ethers, m™mercaptans & sulfides. 


Vol. II 
NON-AROMATIC amines. 


(Cat. # 210,202-4) 
nitro & nitroso compounds, ketones, aldehydes, 
carboxylic acids & acid salts, & amino acids. 


Vol. iil 
(Cat. # 210,203-2) NON-AROMATIC esters 
lactones, anhydrides, acid halides, amides 
nitriles & cumulated double bonds 


Vol. Vill 


(Cat. # 2Z10,208-3) AROMATIC 5membered 
single & fused ring heterocycles 


Vol. IX 


(Cat. # Z10,209-1) AROMATIC 6-membered 
single & fused ring heterocycles & N-oxides 


Vol. X 


(Cat. # Z10,210-5) Sulfur-oxygen compounds 
phosphorus compounds, oximes, alkynes, ster- 
oids, indole alkaloids, silanes, boranes & 
miscetlane@us compounds 

a 


Vol. XI 


(Cat. # Z10,211-3) CUMULATIVE index, listed 
in alphabetical and molecular formula order 





containing over 6000 spectra 


All compounds illustrated are taken fron 
the Aldrich Catalog/Handbook and are 
conveniently arranged by increasing 
molecular complexity and functionality. 


N. since the publication of The Aldrich 
Library of Infrared Spectra has there been such 
a valuable compilation of information to assist 
the working chemist. The volumes will be pub- 
lished in two- to three-month intervals. An 
eleventh volume will contain a complete index 

Volumes may be ordered individually at $15 per 
copy (for a total of $165) or you may subscribe 
to the entire series now at the prepaid, 
pre-publication price of $115. Then, as each 
volume is completed, it will be sent out automa- 
tically. This series will be immensely useful not 
only to users of 60MHz instruments but also 
to chemists and students who wish to gain 
familiarity with the spectral features of different 
classes of compounds. Because this pre-publica- 
tion offer is limited, we urge you to send 
your order now. 

The Aldrich Library of NMR Spectra, a publig 
cation of: 


Aldrich Chemical Company, Inc 


940 W. Saint Paul Ave., Milwaukee, Wisconsin 53233 
Telephone: (414) 273-3850 





Typesetting: Dawkins Typeeetiers Limited, Southwark. Printing: Web Offset by The Chesham Press Limited, Chesham Buckinghamshire, in association with 


Godfrey Lang Limited 
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Volume 1 (4 issues) will 
appear in 1974: 

DM 160,—, plus postage 
North America: $73.80, 
inciuding postage 
(Subscriptions are entered 
with prepayment only) 


sample copies available 
upon request. 

Please address 
Springer-Verlag, 

_ Werbeabteiiung, 

_ D-1 Berlin 33, Postfach, 
or Springer-Verlag 
New York Inc., 

175 Fifth Avenue, 

New York, NY 10010, 

for your copy. 
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Subscription information: 





Editors: H. Eisenberg, Rehovot; A. San Pietro, Bloomington, Ind.; 


F. Sauer, Frankfurt/M.: G. Schwarz, Basel 
Managing Editor: H. Stieve, Jülich 


-in cooperation with an international board of advisory editors. 


This new journal is designed for the publication of paper in 
the field of biophysics where biophysics is defined as the 
approach towards the understanding of biological functions 
through physical interpretation. The papers contribute to this 
objective—to explain biological functions (and facts) according 
to general laws of physics. 

Biophysics of Structure and Mechanism publishes results of 
experimental and theoretical studies on the following range 

of subjects: 


1. Molecular structure, structural change and its biological 
function. This major concern of the journal includes x-ray 
structure analysis: spectroscopic studies, such as NMR-, CD-, 
ORD-, IR- VIS- UV-, and ESR-studies; kinetics of 

reactions; interactions of molecules, etc. 

2. Transport phenomena and thermodynamics of irreversible 
processes applied to biological phenomena. Since 

there exists a great number of journals which deal with the field 
of membranes, this journal will restrict itself to membrane 
biophysics in which emphasis is placed on the more physical 
approach to the membranes. 

3. Primary reactions in 
This journal is not intended to be limited to a narrow field 
but rather to be a representative image of the important 





developments in biophysics within the broad boundaries described. 
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| Guide to authors | 
‘| Nature accepts three types of 
| communications: 


@ Articles are up to 3,000 words in 

| length with at most six displayed items 
(figures and tables) and may either be 
reports of major research developments in 
a subject or broader reviews of progress. 


@ Letters are brief reports of 
research of unusual and wide interest, 
not in genera! longer than 1,000 
words; at most they have three or four 
displayed items (figures and tables). 

@ ‘Matters arising’ permits ` 

occasional short discussion of papers 
' that have previously appeared in 
Nature, A limit of 350 words is ` 
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Lebesgue Integration 
and Measure 


ALAN J, WEIR 


Dr Weir's book is for the student who is meeting the 
Lebesque integral for the first time. It defines the integra! 
in terms of step functions and can be immediately linked 
to elementary integration theory as taught in calculus 
courses. The more difficult concept of Lebesque measure 
is deduced later, 


| The explanations are simple and detailed, with particular 


= stress on motivation. Over 250 exercises accompany the 

_ text and are grouped at the end of the sections to which 
they relate, 

Hard covers £5.40 net 

Paperback £2.40 net 
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Sets 


CHRISTOPHER J. PRESTON 


An introduction to some of the recent results and 
techniques in classical lattice statistical mechanics, written 
in the language of probability theory rather than that of 
physics and intended for mathematicians with little or no 
background in physics. The book can be used by any 
undergraduate student in mathematics who has a reason- 
able background in probability. 
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Fixed Point Theorems 
D. R. SMART 


The elements of fixed point theorems, an important area 
in the rapidly growing field of non-linear operators, are 
presented in this book in an easily accessible way for 
graduate students. Analysts will find the book valuable 
as the author has concentrated on those aspects of fixed 
point theory useful in tackling existence theorems of 
analysis. 

£2.90 net 
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RICHARD A. ALO and HARVEY L. SHAPIRO 

This is a guide for students who have studied basic 
topology, and intend to specialise in this large and active 
area of mathematics, to new and intgresting advanced 
topics in preparation for latér research werk. The advan- 
tage of the book is that although advaneed it is less 
specialised than others at this level and will appeal to both 
graduate students and their teachers. 
To be published shortly 


Cambridge 
University Press 
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A textbook in logic for undergraduate and graduate 
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topics, 
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text to provide an up-to-date account of the subject for 
undergraduate and graduate students. 
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Paperback £1.90 net 


Free Radical Chemistry 
D. C. NONHEBEL and J. C. WALTON 


A comprehensive review of the development of free radical 
chemistry up to the present time, presenting a description 
of the methods available for their study and leading up 
to a discussion of the important reactions. An important 
feature of this book is that it brings together the physical 
and organic branches of the subject. 
A work of reference for all chemists that will be found on 
the shelves of research workers in universities, technical 
colleges and in industry. 
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transition metal complexes with cubic and lower sym- 
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usual approach to ligand-field theory and with elementary 


roup theory. 
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and now... 
in Britain | 


It has been a quite remarkable two months in which the 
issue of nuclear weapons testing has emerged from the 
shadows in which it has been lurking for ten years. The 
United States and Soviet Union have made noises about 
a further treaty; India has detonated her first device; 
China has fired another one (her sixteenth): France has 
ventured on a new series. It was only Britain of the 
nuclear powers who had not contributed to the drama, 
and now she too has obliged in characteristic fashion— 
by being found out. oo 

The revelation by Mr Chapman Pincher in the Daily 
Express that there was shortly to be a British test in 
Nevada was greeted officially by refusals either to con- 
firm or deny. Now Mr Wilson has announced that the 
test has already taken place. He must have strong feelings 
of déjà vu, as he found himself with a similar legacy 
from the Conservative government in 1965 when he last 
stopped Britain’s testing activities. 

Since this test surfaced as the result of a leak—and 
not a government orchestrated one at that—one is bound 
to ask whether this really is the first for nine years or 
whether previous testing in Nevada has been kept more 
effectively behind a security screen. There is really no 
way that anyone can find out, as testing in Nevada goes on 
so regularly that there would be nothing untoward to the 
outside world about the occasional additional test. 
Obviously whilst Mr Wilson was in power in the sixties 
there would be ideological objections, but Mr Heath was 
Prime Minister for nearly four years and would have no 
commitment to self-restraint. It seems inconceivable that 
it would take four years from the brakes being released 
until as vigorous an organisation as Aldermaston could 
find time to test. | 

The tragedy of the recent revelations is that this British 
obsession for secrecy in all matters of defence has 
rebounded so vigorously on prospects for British 
diplomacy. A few weeks ago Nature, along with almost 
everyone else in the West, was rebuking India for 
becoming a nuclear power, and the main line that most, 
including ourselves, pursued was that it was simply 
hypocritical to talk of a nuclear explosive as capable of 
being labelled peaceful. Britain, of course, could be 
particularly smug since she had renounced the provoca- 
tive gesture of firing nuclear devices years ago. Our 
restraint was an example to the world. Now we find 
ourselves with much the same sort of hypocrisy on our 
doorsteps—a failure to be at least elementally honest 
about nuclear affairs; worse, a willingness to have our 
own test labelled, by default, as American. It is difficult 
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to see why secrecy should extend this far, Obvio 
Labour Government were not going to reveal the ho’ 
potato they were passed, but surely the Conserva ë 
government would have been in no danger in giving 
prior notice. The announcement of a test wouk 
barely have stirred a ripple; the discovery is bound to 
make waves. 

The real significance of recent events, however 
that they show how inextricably intertwined are Bri 
and American nuclear interests. It is just not p 
for one country to detonate explosions at ; j 
country’s facility without there being such a higi d 
of liaison that one is bound to conclude that th 


















e two 
countries act as one in nuclear matters, Of course, the 
possession of Polaris submarines already ensures this to a 
large extent; the nuclear test simply brings it once n 
to our attention. This liaison reduces Britain’s*inde; 
dence in the discussion of nuclear issues on a world 
to an ineffectual level. This is very unfortunate at a ¢ 
when the two superpowers appear to be on the verge 
agreeing between themselves on some form of nuclear 
test treaty. 

The form most widely discussed is of a threshold 
agreement, restricting tests not to exceed a certain seismic 
magnitude. There have been strident objections to tis 
throughout the scientific community, based on a feeling 
that such a treaty is easy to find loopholes in, leg 
room for ambiguity and has not been given a fair 3 
in wide enough a community. It is possible to sense 
qualms in British circles too, but what hope is there of 
an independent and questioning line under these 
circumstances? 

The entanglement, however, does not simply constrain 
Britain in nuclear matters. It is impossible to see how 
Atlantic and European relationships on all diplom 
matters can fail to be influenced to a degree by the 
nuclear commitment. It is high time that the nuclear 
relationship and its influence on foreign policy was 
looked at with great care. 


















100 years ago 


Mr. JAMES Lick, of San Francisco, California, having in 
the course of his life accumulated a large fortune, has recently 
concluded a deed by which he conveys all his property to seven 
persons upon trust to be applied to various worthy ohjei 
Among these, 700,000 dols. are to be applied to the constewe. 
tion of a more powerful telescope than any yet made, te beo 
erected at an@observatory in California, and 900,000 dols, te: 
found, in Calffornia, a school of the mechanical arts, 








e from Nature, 10, 171, July 2, 1874. 
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Kill a Pinta goat a day... 


Science and conservation in the 
Galapagos Archipelago must swim 
against a fast running tide of 
tourism and goats. David Davies 
looks at the way in which the Ecua- 
dorian Gevernment and the Charles 
Darwin “Foundation are trying to 
maintain the islands. 


“I Founp long ago that I cannot live 
happily without the Galapagos Islands; 
even if I am not there I need to know 
that they exist undestroyed by goats 
or men...’ So wrote Peter Kramer, 
retiring director of the Charles Darwin 
Station on Santa Cruz in the Gala- 
pagos Islands in December 1973. 

The Galapagos Archipelago is on the 
equator about 1,400 kilometres off the 
Ecuadorian coast. Darwin was there 
for 35 days in 1835, and was deeply 
influenced by what he saw. His field 
notes were dominantly geological: he 
was struck by the youthful volcanic 
nature of the rocks. It was however, 
the biological scene which was ulti- 
mately to have most impact on him-— 
giant tortoises, finches (Darwin's 
finches) whose bills were “‘modified for 
different ends”, marine iguanas, flight- 
less cormorants and many others. By 
the time Darwin was writing Origin of 
Species he had absorbed much else and 
the effect of his stay in the Galapagos 
is less obvious, but in his early evolu- 
tionary writings the significance of 
islands is crystal clear; in 1842 he wrote 
on the back of a notepad “islands are 
the nursery of new species”. 

He was not the only visitor to the 
Galapagos. In the nineteenth century 
whalers would put in on their long 
journey from the Pacific to the 
American East Coast round Cape 
Horn, and would collect a giant tor- 
toise to keep in the hold of the ship 
for later consumption. Many other 
ships also put in to the Galapagos, 
caring nothing about what species they 
brought in. One such import about 
seventy years ago was the Norwegian 
black rat which had such a grip on 
Pinzon, for example, that by 1965 no 
tortoises younger than thirty could be 
found; all tortoise hatchlings, were 
being killed by rats. Other feral ani- 
mals such as the pig have also wrought 
havoc on the tortoise population of 
various islands by eating the eggs. But 
the most dramatic and visible intro- 
duction has been the goat. 


The local population has been in the 
habit of depositing goats on the more 
remote islands to ensure a food supply 
for fishing expeditions. Thus in 1958, 
a male and two females were left on 
Pinta. By 1968 the number had reached 
4,000 to 5,000 and in 1971 the estimate 
was “not below 20,000”. Hardly sur- 
prisingly, species of plants unique to 
the archipelago are threatened by this 
population on Pinta and elsewhere. 

Not all the impact on the Galapagan 
environment has come from man’s 
works. There are many historically 
active volcanoes in the west of the 
archipelago, and in 1968 the caldera 
collapse of Fernandina was the 
world’s largest collapse in seventy 
years. In addition latitudinal oscilla- 
tions of the Oceanic Equatorial 
Counter Current (the ‘El Niño’ phen- 
omenon) lead to long term fluctuations 
in rainfall and have striking effects on 
the life of the islands, The most recent 
threat, however, has been man himself, 
as resident and tourist. 

The population of the islands was 
less than 1,000 in 1960; now it is more 
than 4,000. Santa Cruz and San Cristo- 
bal have the most inhabitants whilst 
some islands, particularly the active 
volcanoes, are prudently uninhabited. 
Many of the inhabitants are farmers 





Nature Vol. 249 June 28 1974 


to service a tourist industry which now 
provides for several thousand annually 
compared with 200 in 1969. Much of 
this tourism has been stimulated by 
the natural environment of the Gala- 
pagos and has been appropriately care- 
ful, but a growing number of private 
yachts visit the island on Pacific cruises 
and they are causing serious problems. 
As one scientist put it, “man has now 
replaced goats as the greatest threat”. 

The conservation issue is not simple. 
Although biologists would agree that 
there is an obvious case for the strictest 
of measures to preserve the islands 
intact, they are also the home of many 
Ecuadorians. In addition they occupy 
a strategic naval position. In two World 
Wars it was “he who holds the Gala- 
pagos holds the Panama Canal”. There 
is thus a strong naval presence and in 
the past has even been some suspicion 
by the military that scientific opera- 
tions have had more sinister overtones. 
There is thus a delicate diplomatic 
balance necessary in order that resi- 
dents, military, tourists and nature 
coexist. 

Ecuador has had a formal interest 
in Galapagan conservation since 1934 
when legislation was enacted to ban 
the export of protected animals and 
the import of domestic ones. Nature 


but an increasing number are needed reserves were also established, but 
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safeguards or international inspection 
rights (it is in fact the only reactor 
apart from the Canadian-Indian plant 
which is unsafeguarded). According to 
representative Melvin Price, Chairman 
of the Congressional Joint Committee 
on Atomic Energy (JCAE), it is 
capable of producing 8 kg of pluto- 
nium a year, which is almost enough 
for a crude bomb. The country is not 
known to have constructed a plant for 
separating out the plutonium from the 
spent fuel rods, but according to one 
US official, it could do so relatively 
easily. Thus, whatever safeguards are 
applied to the proposed power reactor, 
Israel would still be capable of joining 
the nuclear club if she chooses to do so. 
It should also be noted that neither 
Israel nor Egypt has ratified the Non- 
proliferation Treaty, although Egypt 
has signed it. : 

Be that as it may, the nuclear deals 
are likely to be developed as follows. 
Israeli and Egyptian officials have been 
in Washington this week to negotiate 
contracts for the supply of fuel to the 
reactors. These negotiations, ironically, 
have to be completed before agree- 
ment is reached on the reactor sales 
because the Atomic Energy Com- 
mission has set a June 30 deadline for 
| is involving the delivery of 
enriched uranium to foreign countries 
an the early 1980s. Then, a few weeks 
later, negotiations will begin on the 
sale of the reactors themselves. 
if agreement is eventually reached 





the JCAE will be informed and Con- 
gress will have 30 days in which to 
react. The agreement could be pre- 
vented from going into effect only if 
Congress passes a bill disapproving the 
terms under which the sale will take 
place. But the Bill would be subject to 
a possible presidential veto. 

Representative Price has promised 
that the JCAE will give the matter a 
full and open review, and he has said 
that he “will keep (Congress) appro- 
priately informed.” of developments, 
during the negotiations. 

But several members of Congress 
are dissatisfied with that arrrangement, 
and are attempting to give Congress 


veto power over any international 
agreement involving the export of 
nuclear technology. Representative 


Lester Wolff has already introduced a 
Bill into the House which will prevent 
the Middle East agreements from go- 
ing into effect until Congress gives its 
express approval of the deal, and 
Senator William Proxmire has an- 
nounced his intention to propose an 
amendment to the Export Admini- 
stration Act when it comes before the 
Senate in the next few weeks, which 
will require that “no nuclear tech- 
nology, nuclear materials, or associated 
equipment could be sent to any country 
until both houses of Congress give 
approval in a vote’. According to a 
staff member of the JCAE, however, 
such a requirement would place a huge 
burden on Congress because in the 
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past six months alone the United States 
has entered into some 50 separate 
agreements involving such transactions. 

In contrast to the nuclear agree- 
ments, the scientific exchange pro- 
posals announced by President Nixon 
have scarcely Dae a ee r ot interest 


feh, 


is eodcenied: Nikon and Prei 
Sadat announced in a jomit com- 


munique that their two governments 
will establish a series of working 
groups to meet in the near Future to 
prepare concrete projects and pro- 
posals for bilateral research im the 
fields of agriculture, “techno ogy, 
research and development in scientinx 
fields ‘including space, with specie 
emphasis on the exchange "of scien- 
tists,” and medical research. 

Such activities will supplement th 
present limited scientific coop 
between the two countries, wi 
funded to the tune of about Si 
million a year through excess US cur 
rency in Egypt (so-called PL480 funds) 
At this stage, the proposal is + 
an agreement to cooperate and no 



















crete projects have been de 
Similar arrangements are prog 


with Jordan and Saudi Arabia. SEN 

As for Israel, the agreement is iese 
specific, referring only to the ne ft 
“further encouragement of the " frait- 
ful links already existing between the 


two countries in the scientific ami 
technical field, including space te 
search. 





A “New Era” for coal is forecast by 

the Secretary of State for Energy, Mr 
| Eric Varley, in his introduction to the 
| interim report of the examination into 
| the. coal industry (published by the 
| Department of Energy) carried out 
jointly by the government, the National 
Coal Board and the mining unions. 

After the depression in the British 
coal industry in the 1960s the report 
paints a much more hopeful picture of 
the future for the industry into the 
1980s and beyond. Future demand for 
coal will be at least equal to if not 
greater than the present 130 million 
tons a year, predicts the report. But to 
satisfy this demand the industry will 
have to “run very fast to keep still” to 
the tune of £600 million in capital in- 
vestment by 1985. New capacity of 42 
million tons a year will be needed by 
1985 to replace the coal lost by ex- 
haustion of existing mines. 

Twenty million tons of this is ex- 
pected to come from new fields. The big 
Selby coalfield in Yorkshire will con- 
tribute up to 10 million tons a year by 
1985 (it is hoped) and Mr Varley, in 
reply to a question in Parliament, said 
that the possibility of developing the 
rich seam of coal under Oxfordshire is 
being actively explored. 


New 
King Coal 
by Eleanor Lawrence 


Nine million tons a year would come 
from the life extension of pits which 
would otherwise be quickly exhausted, 
and the remaining 13 million tons from 
new schemes at existing pits. With open- 
cast mining a total production of 150 
million tons a year is to be the ultimate 
target. 

The upswing in the fortunes of coal 
follows the dramatic rise in the oil 
prices during the past year, which has 
again made coal a fuel competitive with 
oil. Economic conditions for a thriving 
industry are right for the first time in 
twenty years, says Mr Varley. Now the 
coal industry can be both competitive 
and commercially self-sufficient. 

The electricity boards are the coal 
industry’s main customers, taking 58% 
of National Coal Board (NCB) pro- 
duction in 1973, and the future of qpal 
depends to a large extent on their kong 
term policies. The Central Ele€tricity 
«Generating Board (CEGB) has told the 
committe that, providing coal remains 
competitive with coil, the boards will 









continue to take as much NCB coal as | 
they can get. The CEGB reckons that | 
in 1985 it will be able to burn about 
million tons (compared he the 
million tons it took in 1973). But 
industry fears that this eana dem 
will not be realised unless new coal 
fired generating capacity is muilt. 

In the event the NCB has shown itself | 
amply justified in its whole-heartea | 
endorsement of the future of coal even.) 
when things looked blackest. The im- | 
dustry contracted from an output of | 
210 million tons and a workforce of | 
770,000 men in 1959 to 130 million tons | 
and 270,000 men in 1973. The govera- | 
ment is obviously determined mot to | 





return to the situation of the 1960s). 


when the increasing dependence on | 
cheap oil led to the running down of | 
the industry, and promise in the report | 


that the industry shall not be at the | 


mercy of short term fluctuations im the | 
price of competing fuels. | 

Mr Varley said in Parliament last | 
week that it would need “superhuman | 
effort” from the industry to meet the | 
ultimate target of 150 million tons a | 
year. Production is down this year and 


two major strikes in the past three | 


years have cast doubts on the essential | 
condition of security of supply. : 
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General Atomic’s 
new fusion venture 


from David Fishlock 


WHILE discussions continue on the 
design—and location—of JET, the 
Joint European Tokamak, plans are 
ready for a start in La Jolla next 
month on the first of the new genera- 
tion of thermonuclear fusion machines. 
These are the machines plasma physi- 
cists believe will demonstrate later this 
decade the feasibility of fusion, by 
reaching ‘break-even’—the point at 
which the experiment’s energy output 
equals thé input, 

Dr Tihiro Ohkawa, head of fusion 
research at General Atomic, the joint 
nuclear venture between Gulf Oil and 
Royal Dutch-Shell, has received 
approval from the United States 
Atomic Energy Commission for his 
plans for Doublet II. If all goes well 
by about the end of 1977 Doublet III 
will be ready to demonstrate plasma 
confinement times as long as one 
second. 

Doublet III is the successor to a 
very successful experiment in magnetic 
containment called Doublet II, carried 
out by General Atomic between 1971 
and 1973. Dr Ohkawa demonstrated 
how the plasma itself could be used 
as an electrical] conductor to generate 
intense magnetic fields that remain un- 
perturbed by the plasma. Doublet III 
will be a large scale version of this 
experiment and is expected to cost 
about $26 million. 

A site has been chosen in the valley 
below General Atomic’s hilltop re- 
search campus, so that the power lines 
supplying some 5 million amperes can 
conveniently be kept out of sight. The 
dumpling-shaped structure, some 13 
feet tall and 18 feet in diameter, is 
expected to take 3-5 years to complete. 
Meanwhile, to assist the designers 
Doublet II has been stripped down and 
is now being rebuilt as Doublet IIA, 
with magnetic facilities for fine tuning 
the plasma configuration. 

In the late 1960s, when the physics 
of fusion was still in chaos, Dr 
Ohkawa’s fusion research group suf- 
fered far more severely than the British 
Culham Laboratory. After Texan utili- 
ties withdrew their support his group 
numbered no more than seven. But, 
encouraged by Dr C. L. Rickard, vice- 
president in charge of advanced sys- 
tems development, Ohkawa rebuilt 
confidence among sponsors. Today he 
can boast the largest fusion team in 
the private sector anywhere jn the 
world. It numbers 80 and this year will 
spend about $7 million. Next year it 
will number 120. 

It draws these funds from three 
sources—the company, a group of 


electrical utility sponsors and the 
United States Atomic Energy Com- 
mission. Of this year’s research budget, 
about $2 million is being spent on 
plasma physics, $4 million on large 
fusions systems (mostly Doublet HA) 
and the remaining $1 million on tech- 
nology for the fusion reactor, But this 
last sector is expected to grow quickly, 
so that by 1980 it will be at least the 
size of the other two parts of the 
programme. 

Already a conceptual design is tak- 
ing shape of a candidate for the pro- 
totype fusion reactor which the Atomic 
Energy Commission hopes to start 
building in 1976. General Atomic is 
thinking in terms of a reactor based 
on Doublet III that will ‘piggyback’ on 
the company’s experience with helium- 
cooled fission reactors. Instead of using 
a liquid-metal-cooled system, as is 
usually proposed for extracting heat 
from a fusion reaction, it plans to use 
helium as the coolant and to drive gas 
turbines directly with the hot but in- 
active gas. For the preseni, therefore, 
Dr Ohkawa is confining his forays 
into fusion reactor technology to work 
on a ceramic torus—of silicon carbide 
and carbon—in which the plasma will 
be confined. 


Death-blow dealt 
to Moscow seminar 


from Vera Rich 





Slepak : leading activist 





INTENSIFIED pressure on the part of the 
Soviet authorities would seem to have 
dealt a death-blow to the Moscow 
‘underground’ seminar on “Collective 
Phenomena and the Applications of 
Physics to Other Fields of Science” 
scheduled for July 1-5, 1974. A wave of 
arrests in the Soviet Union of Jewish 
dissidents, supposedly in connection 
wh security arrangements for the 
Nixog visit, coupled with the blocking 
of visa applications from. intending 
foreign participants, almost certainly 
mean that theesemipare can no longer 
take place as originally envisaged. 


enational 
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The campaign began, apparently, on 
Wednesday, June 19, with an attempt 
to arrest an electronics engineer, 
Viadimir Slepak, who, although not a 
member of the Seminar Programme 
Committee, is a leading Jewish activist 
in the Soviet Union. Slepak apparently 
resisted arrest by barricading himself 
into his apartment; on Friday, however, 
the police broke in with crowbars. It is 
reported that when his fifteen-year-old 
son Leonid attempted to contact west- 
ern journalists by telephone, the KGB 
intervened. 

On the same day, Committee Mem- 
ber Viktor Brailovskii, in hiding to 
avoid forcible conscription, failed to 
keep a prearranged telephone contact 
with the international organisers of 
the seminar, while a telephone call to 
Tanya Levich (the wife of committee 
member Venyamin Levich) was estab- 
lished and cut off three times so that no 
message could be conveyed. It now 
seems that Lerner, Brailovskii and also 
committee members Mark Azbel, Aleks- 
andr Lunts and Aleksandr Voronel were 
arrested on Friday or Saturday. 
Voronel, whose Moscow apartment was 
to have been the venue of the seminar, 
was arrested at the home of a friend. 
He is reported to have “given himself 
up” to the police—in view of the details 
of Slepak’s arrest, however, this prob- 
ably means no more than that he 
opened the door to them. Since all 
contacts between the dissidents and the 
outside world have now been broken, 
it is quite possible that this list of 
arrests is by no means complete. 

Simultaneously with the news of the 
arrests, the foreign “participants” 
learned that they themselves would not 
be able to travel to Moscow. Some 40 
scientists from the United States (includ- 
ing seven Nobel Prize winners) have 
been refused visas. Similar refusals are 
reported from Israel and France. The 
British contingent, for whom more 
details are available, reveal an interest- 
ing picture of blocking tactics. Those 
intending to travel alone were told, on 
submitting their applications, that they 
must provide an official invitation from 
some recognised scientific organisation 
in the Soviet Union (which, of course, 
they were unable to do). Since then they 
have heard no more of their applica- 
tions. The others, who planned to travel 
as a group, have not met a definite 
refusal: but since the last date by which 
the travel agents needed visa clearance 
in order to complete the necessary 
arrangements has now passed, this 
amounts to de facto refusal. 

Asked to comment on the situation 
Dr Norman Chigier of the University 
of Sheffield, one of the three Inter- 
Secretaries of the Seminar, 
observed: “It appears that the Soviet 
authorities are determined to destroy 
the seminar”. 
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Citizens of the United States are 
entitled under their constitution to bear 
arms, and they believe in using them. 
In addition to shooting public figures 
and wild game, they are also 
accustomed to collect any rarities they 
encounter “for scientific purposes”. 
There is a conspiracy of silence over 
this in North America, where for 
example the senior ornithological 
journal has refused to publish any com- 
ments on reports that specimens of the 
first Little Gulls Larus minutus and 
Wood Sandpipers Tringa glareola found 
nesting in North America were 
promptly collected despite the fact that 
they are easily recognised and that there 
was already ample material available. 
Even the supposedly militant Audubon 
Societies have said nothing about the 
situation. There has, however, been a 
growing chorus of complaint where the 
same policies have been followed 
abroad. Many of the atrocities have 
been perpetrated by young and in- 
experienced people, brought up in an 
unhealthy tradition by their seniors 
who tend to escape the blame, so it is 
worthy of note that one Daniel has at 
least been brought to judgement in his 
own courts. 

For several months now there has 
been an excited twittering in inter- 
national ornithological circles as the 
news went round that Professor Charles 
Sibley, formerly of Cornell University 
and now of Yale University, who was 
awarded the American Ornothologists’ 
Union’s Brewster Memorial Award for 
the electrophoretic analysis of egg-white 
proteins in 1971 and subsequently 
elected a Vice-President, has been 
found participating in the international 


THE British government has accepted in 
principle the main recommendations 
contained in the report of a committee 
Which enquired into causes of the 
London smallpox outbreak of 1973, 
when two people died and widespread 
disruption was caused as vaccination 
was demanded for four to five millions. 
The circumstances leading to the 
appointment of a committee of enquiry 
were that a graduate laboratory tech- 
nician employed at the London School 
of Hygiene and Tropical Medicine was 
admitted to hospital on March 16th 
suffering from suspected meningitis or 
glandular fever. In fact she had con- 
tracted smallpox, and after being 
placed in an open ward at St. Mary's 
Hospital, Harrow Road, she came into 
contact not only with other patients 
but with two visitors who su uently 
contracted the disease and died. 
There was serious disquiet that a 
laboratory worker could have become 
infected while working in the labora- 
tory; that having become infected, she 


Egg collector 
collected 
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egg trade. It seems that by a skilful 
piece of deduction Richard Porter of 
the British Royal Society for the Pro- 
tection of Birds, concluded that a local 
egg collector must be dealing with 
foreign parts, located allegedly incrim- 
inating correspondence with Professor 
Sibley and referred it to the American 
authorities. Professor Sibley’s files at 
Yale were then inspected, with the result 
that on May 20 he was fined $3,000 
under the Lacey Act for six cases of 
“illegally importing bird parts taken 
abroad in violation of foreign wild life 
laws”, five of them in Britain. 

The situation is made worse by the 
fact that for at least fifteen years the 
British Home Office Advisory Commit- 
tees had already been stretching the law 
to the limit to enable Professor Sibley 


Smallpox report 


could spend a week in the general ward 
while the disease remained undiag- 
nosed; and further, that even after a 
provisional diagnosis of smallpox, 
another twelve days elapsed before the 
visitors were traced, by which time 
it was too late to save their lives. 

The committee found, among other 
things, that inadequate safety measures 
were in force at the London School 
of Hygiene and Tropical Medicine, 
where the technician was infected while 
watching the harvesting of pox virus. 
The pox virus laboratory was said to 
be old fashioned, poorly decorated, 
overcrowded and dirty — conditions 
which, said the report, led to a lowering 
of safety standards. 

Lethal smallpox virus samples fere 
stored in a corridor in an uplocked 
deep-freeze, workers from other labora- 


“tories gassed to and fro, using equip- 


ment housed én the pex virus lab, and 
there was an inadeguate immunisation 
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to obtain material legally, and many 
British ornithologists had been assisting 
him with this. He justified his decision 
to exceed his allocation by telling 
the British Sunday Times (June 16) that 
it was an insult to his scientific standing 
imposed by emotional bird conservation 
groups with little knowledge of bird 
population dynamics, which he felt 
entitled to ignore because “the idea 
that taking a few eggs could endanger 
a species is the most ridiculous thing 
you could imagine . . . I say ‘fine, we'll 
pay the penalty, but you are going to 
have to listen to the real experts, because 
you are not the real experts’ ”. 

The British Home Office , Advisory 
Committees consist of people $f a most 
unemotional sort who are internation- 
ally recognised to have made more 
important contributions to the study 
of population dyanmics than Professor 
Sibley. They must have been watching 
the amount of material that he had 
already received through legal means. 
which is known to have been large, 
rather carefully, and it would be in- 
teresting to know where Professor 
Sibley expects to find greater “experts”, 
It is surprising to find a person 
in such a responsible position at 
such a distinguished institution first 
behaving in such a way and then indulg- 
ing in such an outburst when he was 
found out. If senior people behave like 
this, it is hardly surprising that the 
conduct of some junior American orni- 
thologists is not all it should be. It is 
good to see the American authorities 
take the first steps towards putting their 
house in order. But there is still bigger 
game in the woods.—From W. R. P. 
Bourne. 


policy in the School’s Department of 
Microbiology. Each unit within the 
department was left to make its own 
arrangements in relation to its own 
hazards. 

The report recommended the esta- 
blishment of a permanent committee 
to draw up and enforce a code of 
practice for work on pathogens con- 
stituting a major threat to public 
health; the appointment of a safety 
Officer at the School (already imple- 
mented); and, since many of the short- 
comings resulted from cash shortages 
in the first place, financial aid to im- 
plement the safety proposals 

Failure to trace contacts in the case 
were caused by a catalogue of admini- 
strative errors, coupled with the fact 
that no one realised the urgency of the 
Situation, says the report, recommend- 
ing the appointment of regional 
specialists to supervise control of out- 
breaks, consideration of compulsory 
isolation of contracts, and better 
diagnostic guides for doctors 
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Unreal Science 


Sin,~~As a qualified and practising 
scientist I wish to dissociate myself 
from your editorial of April 12. You 
allude to Geller and Velikovsky with 
terms like “nonsenses”, “beliefs beyond 
“science”, and “pseudo-scientific ideas”, 
and contyast these with “real science” 
and “science based on conventional 
ideas about the way a scientific investi- 
gation should proceed”, and you declare 
that “scientists want to fight this 
_distressing drift from the scientific way 
_. of thinking”. 
_ History is littered with ideas shown 
c: to be false by people bold enough to 
-question their contemporary conven- 
tional science, often in the face of 
personal ridicule and even persecution, 
Presumably you class  Einstein’s 
relativity theory with ‘real’ science, yet 
to back his theory Einstein makes a 
couple of postulates, not yet proven, 
whilst the unreal Velikovsky quotes 





source after source and fact after fact 


to back his. Where Velikovsky leaps 
eagerly into the jig-saw puzzle of the 
past and fits piece after piece together 
(rather unscientifically perhaps, but in- 
correctly ... ?) Einstein treads warily 
(and of course scientifically) through 
his mathematical maze, and deigns to 
emerge into the real world only at the 
end to explain Mercury’s perihelion 
drift and to predict the deflection of 
light by the Sun. But wasn’t there some- 
one recently who found that the Sun 
was a little flatter than was previously 
thought which could account for half 
that drift (doesn’t that make Einstein 
at least half wrong?), and isn’t there 
someone else suggesting there’s a planet, 
Vulcan, in there somewhere, or even 
maybe a whole asteroid belt? And just 
for one careless moment suppose that 
Velikovsky were right ... no, of course 
-—-much too unscientific! 

I am not saying Einstein is wrong 
and Velikovsky right, but I believe both 
men’s theories worthy of serious con- 
sideration. You say “Nature has a 
responsibility (that) guides us in the 
choice of papers for publication”. You 
have a right and a duty to edit, but 
that statement smacks of censorship. 
Velikovsky encountered censorship. 
More recently Dingle has met similar 
problems for daring to question 
Einstein. 

I am not young nor am I by any 
means a pseudo-scientist, nor are a 
number of colleagues who share my 


opinion. I want no part in any science 
which operates with a closed mind, and 
I will encourage the young, and old, to 
drift from such a way of thinking, 
though I hardly need to. Your own 
editorial will do that well enough by 
itself. 
P. WaRLow 

Southminster, Essex, UK — 


Cancer research 


Sır, —Y our correspondent Brian Ford 
comments (Nature, May 24) on the 
abundance of data and paucity of con- 
cepts in cancer research. A cursory 
survey of the literature strongly sup- 
ports this point. 

For example, 10 randomly chosen 
issues of Excerpta Medica—Cancer 
were found to cite about four thousand 
papers, of which a total of nine were 
classified as Theories of Carcino- 
genesis. It is as though 99.8% of the 
‘ime taken to solve a jig-saw puzzle 
went on gathering heaps of pieces and 
0.2% went on fitting the pieces to- 
gether. This imbalance conflicts with 
the widespread belief that cancer 
research needs “more facts and fewer 
theories’. The opposite appears to be 
the case. 

Yours faithfully, 
T. E. WHELDON 
Department of Clinical Physics and 
Bioengineering, 
Glasgow, UK 


Geology D geophysics? 

Sir,—The President of the Geological 
Society of London, the Director of the 
Institute of Geological Sciences and 
Professor P. Allen have informed us’ 
“that geophysics is a necessary and 
important part of geology” and in 
case the reader misses the point they 
say it again “ .. . of earth science, 
that is of geology.” That a present and 
past—-and one hopes future-——president 
of the oldest Geological Society in the 
world should so write is doubtless a 
Freudian slip, as earlier this century 
the society refused to take geophysics 
under its wing, this important task 
being faithfully discharged since then 
by the Royal Astronomical Society to 
the mystery of our friends abroad. In 
thee Cambridge Tripos Part IH twenty 
years ago the question was set: ‘“Geo- 
physics dots the i’s and crosses the t's, 
of geology. Comment.” I seem ¢o recall 
that Professor Allen.was an examiner. 
Perhaps those who simply answered 


“But, of course” qualified for firsts! 

I have always worked, as have your 
correspondents, for more understand- 
ing and dialogue between geophysicists 
and geologists, but also between geo- 
physicists and astronomers and physi- 
cists: problems of the Earth’s rotation, 
Earth and planetary magnetic and 
gravitational fields, solid state physics 
of interiors, lunar and planetary 
formation are of more interest to the 
latter groups than to geologists. Geo- 
logists on both sides of the Atlantic 
who suppose—perhaps understandably 
as the highways of earth science are 
presently congested by careering band- 
wagons—that continental drift, sea- 
floor spreading, plate tectonics and 
plumes is the whole of geophysics 
aishe da wall ta read again Sir Harold 
Jeffreys’s The Earth or study Professor 
A. H. Cook’s Physics of the Earth and 
Planets. 

As Sir Peter Kent is also Chairman 
of the Natural Environment Research 
Council (NERC), it seems desirable to 
emphasise that geophysics is a dis- 
cipline in its own right separate from 
—and one might add older than— 


geology. The NERC awards of research 


studentships for the Earth Sciences 
seem to me to be seriously over- 
weighted? at present in favour of geo- 
logy as against geophysics by about 
7:1. This disparity does not reflect 
the relative need for highly trained 
people in these two disciplines nor the 
present intellectual challenges in the 
two subjects: it reflects the fact that.. 
there are some 45 departments of 
geology in British Universities. 

Thus, as Chairman of the Royal 
Society committee which launched the 
European Geophysical Society, I wel- 
come the 1975 “Europe from crust 
to core” meeting as a further step in 
European scientific cooperation. I hope 
that the formation of a ‘Pan-European 
Society of Earth Scientists’ (as distinct 
from a European geological society) is 
not seriously mooted if only on logistic 
grounds. Geophysicists interested in 
geological problems will surely come, 
as I hope to myself, to Reading and 
geologists concerned especially with 
tectonics will continue to join us at the 
European Geophysical Society’s annual 
meetings. 

Yours faithfully, 

z S. K. RUNCORN 
University of Newcastle upon Tyne 
1 Nature, June 14, 249, 608 (1974). 

2 NERC. Research Studentships 1974. 
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Testing for carcinogens 


a mutagens 





“been known since the work of Pott in the eighteenth 
that certain forms of cancer are associated with 
scupations and it is now generally accepted that 
se can be and is caused by chemicals in the environ- 
‘The: number of chemicals that have been ani 
‘imentally to induce cancer in laboratory animals i 
- very large and constantly increasing but the nae 
“known with reasonable certainty to be active in human 
beings is very much smaller. Recognised human carcinogens 
ted by Hueper in 1971 (Health Phys., 21, 689-707: 
nd included asbestos and some metals, several 
matic amines, various tar and pitch products and mustard 
gas. Since then adenocarcinomas of the vagina in young 
women and girls has been linked with exposure to 
diethylstilboestrol in utero following therapeutic administra- 
tion of the compound to their mothers during pregnancy 
(Herbst etal, New Engl. J. Med., 284, 878-881, 1971), the 
sccurrence of benign tumours of the liver has been reported 
in women taking oral steroidal contraceptives (Baum et al., 
Lancet, ii, 926-929, 1973) and, more recently of all, angio- 
sarcoma of the liver has been found in men exposed to 
vinyl chloride during the manufacture of polyvinylchloride 
(PVC) one of the most extensively used plastic materials 
(Br. Med J. 1, 590-591; 1973). 
It is highly significant that these human tumours are all 
exceedingly rare and therefore the occurrence of even quite 
small numbers of cases led to the suspicion of an environ- 
mental factor in their causation. It is very unlikely indeed 
that an environmentally-caused increase in a common 
human tumour would be so readily detected, for example 
cancer of the lung or colon in the United Kingdom. The 
realisation that many chemicals are mutagenic has been 
relatively recent and the problems of detection of altered 
mutation rates in human populations are formidable. It is 
therefore of the utmost importance to develop reliable tests 
for carcinogenicity and mutagenicity of environmental 
chemicals. | 
There is substantial agreement on methods for conven- 
tional long-term carcinogenicity tests in rodents and these 
provide the best available means for assessment of possible 
carcinogenic hazard to man. They are, however, very 
expensive and require at least 3 years for completion. 
Methods for mutagenicity testing in mammals are less well 
established. The specific locus test in the mouse can only be 
applied to a limited number of chemicals because it requires 
very large numbers of animals and it is extremely expensive. 
The dominant-lethal test and cytogenetic analysis in vive 
require far fewer animals but they are still expensive and 
time consuming. There is thus a very real need for simpler 
and less costly tests for carcinogens and mutagens in the 
environment and much effort is currently being directed 
towards the C isa of in vitro test systems using 
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definitive test procedures. : 
The molecular mechanisms of chemical carcinogenesis 
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are not understood but it is now clear that 
chemicals that cause cancer (precarcinogens) 
result of metabolic conversion inte mere 
substances (proximate carcinogens) and finally an 
reactive electrophilic products (ultimate carcinogens} eho o 
react with nucleic acids, proteins and other celluher 
ponents and which are also mutagenic (Miller, 
39, 559-576; 1970). Without assuming the same me 
for chemical carcinogenesis and mutagenesia it miia 
cluded therefore that demonstration of mauk genic ae 
a chemical should give warning of possible r 
genicity. 
Apart from Drosophila, the organisms commen 
in research on chemical mutagenesis including Es 
coli, Salmonella typhimurium, Neurospora and l 
myces, do not contain the mixed function oxidases 
for activation of precarcinogens and premutagens ar 
not therefore undergo mutation after exposure te 
chemicals. This difficulty has been overcome in th 
mediated assay (Gabridge and Legator, Proc. Sorc. g 
Med., 130, 831-834: 1969) in which ts: mic 
are injected into the peritoneal cavity or 
mammals, usually rodents, and the pt 
given by another route. The organisms < 
an interval and scored for mutants, Seve : that 
are inactive by direct application fo the ore ganisins BEIDE 
active in this assay, which makes use of the mi 
other enzymes of the host. A logical extension 
procedure was to use an in viro system in wh 
test compound is incubated with mammalian hver i 
somes in the presence of the necessary co-factor 
suitable indicator microorganisms. For example, i 
nitrosamine was actively mutagenic when incu pe anger 
such conditions with mouse liver microsomes (Malling, 
Mutation Res, 13, 425-429: 1971) and human H 
preparations have recently been shown to be simia by ii 
(Czygan et al., J. natn. Cancer Inst., Bi, 1761-1764 
Although these in vitro Beie e are relative ty i 
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skill and the process ie Ta ‘simplified fae by 4 
and his colleagues (Proc. natn. Acad, Sci. U&A.. 
2285; 1973) who have incorporated a post aitach 
liver homogenate into the agar plate used for cul 
the test organisms, Using this procedure several ¢ 
carcinogens, mainly planar aromatic Sa aA 
shown to be frame-shift mutagens. Further work witi 
es different oe of carcinogens is eau paye Be 





ane pine can be eden Pree “IE ¥ 
sufficiently sensitive and reliable it should, by virtue 
simplicity and cheapness, provide a valuable 
currently available tests. 

More recently Durston and Ames (Proc. natn. Acad. Rei 
U.S.A.. 71, 737-741: 1974) have used the combined g 
plute-microsome method for the detection of man ! 
urine and the communication by Commoner, Vith 
and Henry og page 850 of this issue of Narure. f 
similar experiments. Both groups of workers invests: 
urine of r&ts given the potent carcinogen 2-a 
fluorene (AAF) and Commoner ef al also 
p>dimethylaminoazobenzene (DAB). th p 
mutagenically active metabolites in the | | 
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8-glucuronidase. Commoner ef al. also found that the urine 


from DAB-treated animals contained active mutagenic 
components but only after treatment with B-glucuronidase 
and take-diastase; this is of interest because Ames et al. 
had previously reported that DAB itself was not mutagenic 
after exposure to liver homogenates in vitro. Clearly many 
more carcinogens and other compounds must be tested in 
this system before it can be properly evaluated. Nevertheless, 
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as the authors point out, the test system for urinary 
mutagens could readily be included in toxicity studies on 
laboratory animals and it could also be used to screen the 
urine of human populations for the presence of conjugated 
and unconjugated mutagens. In this way, the prior ingestion 
of carcinogens and mutagens in the diet and from other 
environmental sources might be revealed. 
P. N. MAGEE 


Destruction of atmospheric ozone? 


Tse Earth's atmosphere is extremely effective in filtering 
out that part of the Sun’s ultraviolet radiation which is 
harmful to life, that is, radiation with wavelengths below 
about 300 nm. Ultraviolet radiation with shorter wave- 
lengths, below about 200 nm, is absorbed by molecular 
oxygen, O.. The rarefied, but nevertheless strongly absorb- 
ing, ozone molecule, Os, traps the remaining longer wave- 
length ultraviolet radiation up to about 290 nm, a region 
in which O; is virtually transparent. The main ozone layer 
extends very roughly between altitudes of 15-50 km above 
the Earth’s surface. 

As severe radiation damage to the surface cells of plant 
and animals is causd by intense ultraviolet light at wave- 
lengths of less than 300 nm, changes in the very low 
atmospheric ozone concentrations, which filter solar radia- 
tion, are of vital concern. Normally, atmospheric ozone 
concentrations are held in rough balance between the rates 
of production and destruction of O;. Ozone is produced by 
the photochemical dissociation of O», followed by recom- 
bination of the oxygen atoms with O: in the presence 
of a third gas molecule M, 


O: + hv > O+ 0 


The destruction of O; can occur through its reaction with 
O atoms, or alternatively, by reaction with nitric oxide, 
NO, which is known to be a trace constituent even of 
unpolluted atmospheres, 

Ozone is a highly reactive molecule, and it has been 
suggested recently that artificial injection of certain 
chemical species into the stratosphere may diminish the 
ambient ozone concentrations by increasing its rate of des- 
truction, thus upsetting the natural ozone balance. 
The consequently increased flux of far ultraviolet light 
incident on the Earth’s surface would obviously have far 
reaching, deleterious consequences. 

Particular attention has been focused on the possible role 
of nitric oxide (or equivalent nitrogen oxides, often 
referred to generally as NO,) in affecting stratospheric 
ozone. Nitric oxide, which is a minor product of combus- 
tion processes, is emitted into the stratosphere by high 
flying aircraft and by other aerospace vehicles. Johnston, 
at Berkeley, has proposed the following two-step catalytic 
cycle for ozone destruction by added nitric oxide: 


NO +O > NO: + QO (1) 
O+ NO > NO +Q (2) 


Thus, reaction (1) and (2) together consume O; and O 
atoms, and provide a mechanism for recycling NO. The 
rates of reactions (1) and (2) are now well known, and so 
there is no doubt that sufficient quantities “of nitric oxide, 
if well mixed with the stratospheric atmosphere, could 
consume ozone in this way. The exact concentrations of 
the relevant atmospheric species are not well enoygh 
known, however, nor are the effects of the local injection 
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of NO,-~as opposed to the addition of ‘well mixed NO,’ — 
clear. There is no general agreement about whether strato- 
spheric ozone levels will be affected by NO. injected into 
the atmosphere by known plans for fleets of supersonic 
aircrafi. Nevertheless, an appreciation of the possibility of 
a perturbation of the ozone cycle by for example, nitric 
oxide, is clearly most important. Indeed, concern has been 
expressed in the British press, following Pittock’s 
report (Nature, 249, 641; 1974) of a significant downward 
trend (since June, 1965) in atmospheric ozone concentra- 
tions at altitudes up to 25 km above the Earth’s surface. It 
remains to be seen whether or not Pittock’s conclusion, 
based on carefully executed, but difficult, experiments, is 
confirmed by other workers. At any rate, there is growing 
awareness of the importance of the possibility that the 
natural ozone cycle may be upset by atmospheric pollutants. 


That awareness led recently to the discussion of a pos- 


sible chlorine oxide, CIO., cycle, based on two steps 
involving chlorine atoms, Cl, and the chlorine monoxide 
free radical, CIO: 


Cl + O, > ClO + Q: (3) 
CIO + 0O > CO+ OQ (4) 
Stolarski and Cicerone, elsewhere, and Molina and 


Rowland, on page 810 of this issue of Nature, consider this 
cycle, and suggest that Cl atoms are formed in the strato- 
sphere. The suggested methods of formation include the 
photochemical dissociation of HCI from rocket exhaust 
gases, and of freons which diffuse upwards from the Earth’s 
surface. Freons, compounds which contain only carbon, 
chlorine and fluorine, are manufactured extensively as 
aerosol propellants and refrigerants. Molina and Rowland, 
working at the University of California at Irvine, consider 
that the freons CF.Cl and CFCh have a long residence 
time in the lower atmosphere. This would allow their con- 
centrations to build up, without any obvious sinks for their 
removal. Rough calculations suggest that virtually all of 
the freons ever manufactured now remain in the atmos- 
phere. The upward diffusion of freons, followed by photo- 
chemical dissociation, could result in chlorine atoms at 
stratospheric altitudes. 

Watson and I at Queen Mary College, University 
of London, have determined recently the rates of several 
of the relevant chemical reactions involving Cl atoms, and 
O, and CIO radicals. Molina and Rowland, using these and 
other results, point out that, at stratospheric temperatures, 
the attack of CIO on O (reaction (4)) is six times as rapid 
as that of NO. on O (reaction (2)). Consequently, under 
some conditions, the CI/CIO cycle can be considerably 
more efficient than the NO/NO: cycle in the catalytic con- 
version of O; + O to O: + O.. At some altitudes, a mixed 
NO, — CIO. cycle may also be important: 


K Gl + O; > CIO + O: 
s NO + CIO — CI + NO: 
i O+ NO > NO +O. 


EY, 
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OD olina and Rowland conclude that the Earth's atmos- 
-phere has only a finite capacity for absorbing chlorine 
-atoms without important consequences. According to their 





d a into the neh on a sworld-wide scale. More 
accurate estimates of the absorption capacity are desirable, 
and no account can be taken of possible heterogeneous 
reaction between Cl atoms and particulate matter in the 
stratosphere. If the conclusions of Molina and Rowland 
are correct, then the effects of the stratospheric photo- 


dissociation of CF.Cl and CFChk could not be removed 
immediately even if no more freons were introduced at 
ground level. That is because of the postulated long 
residence time of these species in the lower atmosphere. 

: inevitably approximate nature of this type of calcula- 
tion and the far reaching assumptions required, should be 
bor mind. Discussions such as that of Molina and 










SCHINDLER of the Belkis Institute, Winnipeg, has 
described in Science ( 184, 897-898; 1974) the effects on the 
growth of planktonic algae of fertilising small, unproductive 
Canadian lakes with compounds of phosphorus, nitrogen 
and carbon. If nitrogen or carbon were added there was no 
marked change in the phytoplankton. If phosphorus was 
added as well or by itself, there were large increases in 
phytoplankton. When the additions of phosphorus were 
discontinued the phytoplankton soon returned to the pre- 
fertilisation levels. Hence Schindler concludes that a large 
decrease in the phosphorus content of sewage effluents is 
the essential remedy for the over-enrichment of waters by 
‘man or, as it is called, cultural eutrophication, Poly- 
phosphates in detergents should be banned since they form 
some 50% of sewage phosphorus (somewhat less in Britain). 
He agrees with those people who advocate the chemical 
treatment of sewage to remove a substantial amount of all 
waste phosphorus. But rapid action is needed and the 
removal of polyphosphates from detergents will meet this 
need. 

Nearly all limnologists who have investigated the problem 
will agree with Schindler that phosphorus. is a major cause 
of eutrophication. He refers to several lakes which have 
benefited from the removal of sewage effluents but it is less 

clear whether the removal of detergent phosphorus alone 
would have prevented undesirable eutrephication. Some 
action has been taken. Canada has prohibited the sale of 
detergents containing more than 2.2% of phosphorus and 
some American States have passed similar legislation (see 
Schindler's article); others will remove phosphorus by 
sewage treatment. 

If polyphosphates are to be removed from detergents, in 
which they play a vital part, what is to replace them? At 
present there is no generally agreed answer. In Canada 
nitrilotriacetic acid (NTA) is a permitted alternative. A 
governmental warning against its use, has, however, been 
issued in the United States (see statements by Environmental 
Protection Agency Administrator and Surgeon General 
(December 18, 1970) and by Chairman, Committee on Public 
Works, US Senate (December 19, 1970)). As a result sub- 
stances such as washing soda and sodium silicate have been 
used and the detergents containing them are said tọ be of 
poor quality, as may be expected, Experietice of the world- 





wide use of several organic compounds suggests that . 


extensive and intensive tests are necessary before they are 


HOF IS : and the eutrophication pro em 


consumer. It seems therefore that there are argu 
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Rowland, however, serve a most useful purpose in 
discussion of a new aspect of atmospheric o7 
reassuring that interest in these and related p 
being taken by the US Department of Trans 
its support of the Climatic Impact Assessment P f, 
under the auspices of which several valuable discussion 
documents are being issued. 

It is conceivable that sulphur dic 
tively large quantities during the ecombusties of 
natural hydrocarbon oils, such as aviation fuel, mi 30 
affect ozone concentrations by the photochemical disso: 
tion of SO, to SO + O, followed by the daar r 
with Os, which has a rate comparable to that of N 
Os, 

This possibility, which requires further cor 
is raised in order to highlight the fragility of the 
layer and the consequent need for thorough kaon 
the mechanisms and rates of chemical reaction 
ozone. 







itted in rela- 


















accepted as safe. Phosphates, though bad for eutro 
are otherwise harmless, One must also re 
increased cost of a replacement will be p 


and against Schindler’s viewpoint. 

European experience supports Schindler's vi 
phosphates are the commonest major cause of 
eutrophication and that nitrogenous substances are 
most important cause (Vollenweider, OECD Report DAS; 
CS1/68.27; 1968). Observations for more than 30 years s and 
experiments with large enclosures in the English Lake 
District (Lund, Proc. R. Soc., B180, 371-382: 
int. Verein. theor. angew. Limnol.. 18, 71-77: 192 gnd 
unpublished data) have also shown that phosp shorus i an 
important factor in eutrophication, though it is an over 
simplification to blame everything on one element, The same 
is likely to be true in other British waters. 

The UK Standing Committee on Syn 
(12th Progress Report, HMSO: 1971) is a 
use of NTA and does not consider that phosphorus r 
is as yet justified. Nevertheless its reduction from 
before it enters the already eutrophic Lough Neagh 
ern Ireland has been advocated (Wood and. Gi SOT 
Res., 7, 173-187; 1973). Schindler says thar the 
phosphorus from sewage “while fine in prin 
take several years to implement to any eff re 
considering the time lags and uncertainty inevi 
financing, planning and constructing such 
Sweden and Switzerland, however, have | 
vigorously with just such a scheme: other coun 
so or preparing to do so to various extents. In S 
particular, it seems that an added gain is a general i 
ment in the final effluent. 

The eutrophication problem is not the same ève 
it is doubtful whether the best remedy for one lake 
region is the best for all. Phosphate enrichment : 
unwanted changes in one lake but will nx 
lakes. Moreover, opinions differ about w 
the most harmful. It seems reasonable 
area should b@ considered separately, 
general, thqugh still imperfect, knowledg 
Then it can be decided whether remedi 
necessary, what they might be, whether the 
oa economic or other grounds and wheth 
necsessary to implement them. 
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Survival of the 
Teesdale rarities 


from Peter D. Moor 

Plant Ecology Correspondent 

RARITY is an attribute which makes an 
organism peculiarly attractive to man- 
kind, even to biologists. When many 
rare organisms are gathered together in 
one place, it is inevitable that biological 
attention should be focused on that 
spot. In the British Isles there is no 
better example of this than the rare 
plants of Teesdale, especially since they 
have been threatened and partially 
obliterated by the development of the 
Cow Green Reservoir. One good result 
of this incident is the burst of research 
activity which it has stimulated, partly 
as a result ef the finance generated by 
the setting up of the ICI Teesdale Trust 
Fund, a kind of sad 
depleted biological resources. 

The major biological problem pre- 
sented by phytogeo- 
graphical one, namely the explanation 
of the surprising distribution patterns 
of some of the rarities, such as Gentiana 
Minuartia Tofieldia 
pusilla and Kobresia simpliciuscula. In 
1956, Pigott (J. Ecol.. 44, 545) pre- 
sented a detailed survey of the plant 
communities in Teesdale and suggested 
possible explanations for the unusual 
assemblages of found there. 
Following the arguments of Godwin (J. 
Ecol.. 37, 140; 1949), he considered that 
these communities were relicts of late- 
glacial vegetation which had survived 


consolation tor 


Teesdale is a 


verna, stricta. 


species 


because of the poor growth of forest in 
the area during the postglacial climatic 
optimum. Factors severity of 
climate and instabilitv of soil may have 
assisted such survival. 

Direct evidence of postglacial survival 
hus been found in the peat 
deposits, where plant fragments and 
pollen grains are preserved (Squires, 
Nature, 229, 43: 1971 and more recently 
Turner et al., Phil. Trans. R. Soc.. B265, 
327: 1973). Peat deposits, some dating 
back to the late-Devensian (last glacial) 
period, show that light demanding 
plant species have been present in some 
quantity throughout the Flandrian 
(postglacial) period. Woodland cover 
can never have been complete, there- 
fore, and the refugium hypothesis ol 
Pigott gains support. Furthermore, some 
of the rare and uncommon plants (such 
Dryas On topetala, 
Polemonium caeruleum and Polygonum 
have a fairly continuous 
pollen record, indicative of postglacial 
survival. Many of the other rare plants, 
however, cannot be identified to the 
level ol their 
pollen so that evidence for them is still 
lucking. 

An alternative approach to the 
problem is the study of the ecophysi- 
ology of the rare plants Arnold (New 
Phytol.. 73. 333: 1974) has examined 
the growth of seedlings of two Teesdale 


such as 


local 


as Gentianda verna, 


viviparum) 


species on the basis ol 


plants, Kobresia  simpliciuscula and 
Plantago maritima, Seeds of these 
species were germinated at 18° C and 


the seedlings were grown at 10°, 14 
and 18° C at a light intensity of 60 W 
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m Records were kept of leaf length, 
width and number and net assimilation 
rate. Both species grew faster in all res- 
pects at higher temperatures but, in the 
case of Kobresia, there was a marked 
increase in growth at 18° C when com- 
pared with that at 14° C. Mean summer 
temperatures in Teesdale are between 
10° C and 14° C; temperatures of 15° ( 
were exceeded on only about 3%, of 
summer Arnold remarks that 
Kobresia would be favoured by a 
warmer environment and she finds 
difficulty in explaining its occurrence 
at Teesdale in terms of its temperature 
The answer seems to be that 


diy >` 


response 


temperature response is not an Im- 
portant parameter in this situation. The 
experiments demonstrate that these 


species are living suboptimally in Tees- 
dale as fur as temperature is concerned, 
but this is not surprising. The survival 
of such plants is due to their ability to 
maintain a positive growth rate where 
many other more robust species (includ- 
ing trees) fail to do so. The relevance 
of these temperature response data, if 
indeed they are relevant. will only be 
appreciated when further figures are 
available from the potential competitors 


of the Teesdale rarities 


Genes for N, 
fixation on the 
move again 


from a Correspondent 

[wo years ago Dixon and Postgate 
reported (Nature, 237, 102; 1972) their 
success in transferring nitrogen-fixing 
ability from a Ne-fixing strain of Kleb- 
siella pneumonia to the common colon 
bacteria Escherichia coli. Greater com- 
plications in using plant nodule bac- 
teria from the genus Rhizobium as 
donors of nitrogen-fixing ability were 
anticipated since the presence of Nr 
fixing activity in Rhizobium cannot be 
shown in laboratory cultures, and the 
genus Rhizobium lacks an effective 
genetic system for mobilising genes. 
This difficulty now seems to have been 
overcome by Dunican and Tierney of 
University College, Galway (Biochem. 
biophys. Res. Commun., 57, 62: 1974) 
who have been able to transform a 
derepressed antibiotic resistance trans- 
fer factor into R. trifolii. This work 
greatly increases the possibility of 
mobilising Rhizobium genes since this 
same factor is known to mobilise with 
an appreciable frequency genes in 
other bacterial systems. With this R 
factor present the Rhizobium acted as 
if it had had a sex factor and trans- 
ferred the ability to fix nitrogen when 
mated with a non-fixing strain, Kleb- 


a . n y ‘ . ~ 9 ~ E . 
Aerial view of Upper Teesdale (looking north-west) showing the Cow Greene siella aerogenes Hybrids capable of 
area before it was flooded for the reservoir built by, the Tees Valy and 
Cleveland Water Board (Imperial Chemical Industries bhotograph). 


measured by the 
technique, oc- 


fixing nitrogen, 
acetylene reduction 
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curred with a frequency of 10°' or 
higher. Some of these colonies retained 
the ability to fix nitrogen when sub- 
cultured and in these cases maintenance 
of the R factor was not essential for 
retention of No-fixing ability. Not un- 
expectedly, the N>-fixing Klebsiella 
hybrids acted like most naturally- 
occurring free-living N» fixers in fixing 
nitrogen only under anaerobic con- 
ditions and in the absence of combined 
nitrogen. 

The ability of Rhizebium strains to 
fix nitrogen only when within nodules 
on the roots of legumes has puzzled 
scientists for more than half a century. 
These bacteria grow in culture media 
but have never been shown to fix 
nitrogen in vitro, a fact which has in 
the past often prompted the suggestion 
that the legume plant contributes at 
least part of the genes concerned with 
fixation. Dunican and Tierney suggest 
that the N2:-fixing ability is present 
though not phenotypically expressed 
in R. trifolii and this: ability i$ ex- 
pressed when transferred to a new bac- 
terial host. The alternative explanation 
that genetic material transferred from 
the Rhizobium activates certain latent 
Nefixing genes in K. aerogenes cannot 
be entirely ruled out. 

Tt is. anticipated that this genetic 
system may be useful in studies of the 
physiology of legume root nodules and 
may also provide a means of improving 
strains of Rhizobium used in agricul- 
ture as seed inoculants. Legumes such 
as soybeans fix only about one quarter 
of their nitrogen requirements and a 
significant improvement in field fixa- 
tion rates may be possible. 


Radius of neutron 
distribution in lead 


from Peter E, Hodgson 
Nuclear Theory Correspondent 


DuRING the past few years there has been 
great interest in determining the sizes of 
atomic nuclei, and in particular the 
relative spatial extents of the constituent 
neutron and proton distributions. The 
proton distributions can be determined 
accurately from analyses of electron 
elastic scattering and muonic X rays, 
but the neutron distributions can only be 
determined indirectly, and the results are 
less accurate due to the lack of knowledge 
of the nucleon—nucleon interaction. Many 
different methods have been used, and 
the results are in substantial agreement. 
On the whole it is found that the 
proton and neutron distributions are 
quite similar, with perhaps a slight 
tendency for the neutron distribution to 
extend further from the centre of the’ 
nucleus than the proton distribution, 
particularly for heavier nuclei. There is 
also the possibility of a ‘neutron halo’, a 


+$ 
very diffuse neutron cloud extending far 
beyond the nuclear surface, where protons 
cannot reach due to the Coulomb field, 

A quantity of particular interest is the 
ratio of the root mean square neutron and 
proton radii, as this is a convenient 
way of specifying the relative extents of the 
neutron and proton distributions. Recent 
work has tended to give a value of about 
1.05 for this ratio though some studies 
have given values below unity. 

A recent measurement of this quantity 
has used the (p,n) reaction to the isobaric 
analogue state of the target nucleus. This 
reaction concerns principally the outer 
neutrons and protons, and so is particular- 
ly sensitive to their densities in the 
surface of the nucleus. The final state has 
the same structure as the initial state and 
differs from it only by the substitution of 
a proton for a neutron in the highest 


quantum state. Another way of describ- 


ing this is to say that the final state is 
formed from the initial state just by an 
isospin flip that changes a neutron into 
a proton. The interaction is thus brought 
about only by the isospin component of 
the nucleon-nucleon interaction, which 
determines the isospin term in the 
nucleon optical potential. Also affecting 
the isospin potential is the difference 
between the neutron and proton density 
distributions, so the reaction is sensitive 
to just the physical quantities of interest. 
All the interactions responsible for the 
(p,n) reaction are quite well known, and 
so is the proton distribution, so compari- 
son between the experimental data and 
a series of neutron density distributions 
enables the latter to be determined. 

The dependence of the cross section 
of these quantities is particularly simple 
if the distorted wave Born approximation 
is used. Then the cross section is pro- 
portional to the square of the transition 
amplitude 

T (p,n) = [2 (N-Z} / A] 

IXa C) Ui (r) Xp 0 dr 
where x ,~ (r) and x p* (r) are the waves 
describing the outgoing neutron and 
incoming proton respectively and the 
isospin potential 

U(r) = [A /(N-Z)] f u (r-ri) 
{Pn CI- pp FN dr 

where u, (Ir-r'f) is the isospin component 
of the nucleon-nucleon interaction and 
Pal’) and p,(r’) are the neutron and 
proton density distributions respectively. 

Schery, Lind and Zafiratos (Phys. 

Rev., C9, 416; 1974) have measured the 
cross section for the (p,n) reaction to 
the isobaric analogue state of ?°°Pb at 
25.8 MeV. They calculated the cross 
section from the above formulae using 
standard values of a (ir-ri) and the 
optical potentials that fix the distoreed 
waves x, (r) and xpt (r). They assumed 
that the neutron density distribution has 
the form, 

pal?) = [I st exp ((§-R) / ayy ~ 

and varied R and a'to optimise the fit to 
the measured (p,n) @ross section. The 


799 


best fit accounted well for the angular 
variation of the crosssection, which 
confirms the reliability of the model. 
The optimum values of the parameters 
R and a correspond to a ratio of the root 










mean square radii Cra? 288) È pp? iR a 
1.07 -+ 0.03, thus confirming previous 
work indicating a3 arger neutron 


distribution. 5.30 fm, 
the value of < oY? is 3.68 fin. 

The stabili a i this result with respect 
to small changes in the assumed potentials 
was investigated, and this accounts for 
part of the suggested 3°5 uncertainty. 
Studies of the effect of the difference 
between the unbound proton wave 
function in the final state of “SRi com- 
pared with the corresponding bound 
neutron wave function in 7? PH s 
that the longer tail of the former r $ 
the ratio of root mean square radi By 


ae 












about 1°. The effects of two step 
contributions to the reaction was also 


studied and found to be small. 


Plant messenger 


from our i E 
Plant Cell Physiology Correspondent 














THe discovery that many 4 
messenger RNA molecules contal 
regions of poly(adenylic) acid is of 
considerable interest (see Nature, 
247, 426 and 512; 1974). One reason fo 
this is that the presence of polyt 
fers specific properties on 
molecules which can be exploited: 
aay ee Many kaan 






the poly(A) region. Another 
has been to use unmodified cellulose o 
nitrocellulose to purify the mRNA. 

A recent report shows that presump- 
tive MRNA from plants, long kn own 
for its high content of adenylic ac, 
contains poly(A) tracts (Higgins er al, 
Nature new Biol., 246, 68, 1973). Sagi 
et al. (Biochim. biophys. Acta, 348, 32: 
1974) now suggest that the length 
poly(A) in higher plants is of the order 
of 150-250 nucleotides which contrast 
with the 50 or so residues for 
attached to yeast and fungal m 
(McLaughlin ez al., J. biol. Chem., 
1466, 1973, Reed and Wintersberger, 
FEBS Lett., 32, 213. 1973, Silver and 
Horgen, Nature, 249, 252: 1974), At 
present only the poly(A}-contamme 
RNA from polyribosomes of plants 
which synthesise a large number of 
proteins has been analysed and mot 
surprisingly it is heterodisperse. Indi- 
vidual mRNAs of known function have 
yet to be isolated but exploitation of 
the poly(A) tag may speed up the pro- 
cess. Although this approach io the 
study of mRNA metabolism holds out 
great promise it should not be accept 


































without reservations. For example, it Is 
by no means certain what proportion 
of mRNAs contain poly(A). In animals 
-only the histone mRNAs have been 
shown to lack poly(A) but others may 
be added to this list and it is too early 
to assume that all plant mRNAs contain 
poly(A). It is also probably true that 
some nuclear RNA molecules that con- 
tain poly(A) do not function as 
mRNAs. 

The most favourable situations for 
the isolation of a single mRNA exist 
where cells devote a large part of their 
protein synthesis to the production of 
one or a small number of specific pro- 
teins. One can anticipate that already 
in a nusiber of laboratories there is a 
search under way for the mRNAs for 
the storage proteins of legume 
cotyledons and the larger and smaller 
subunits of the fraction I protein. 


Nuclear magnetic 
E. ° 3 

order in solid “He 

from a Correspondent 

THe long predicted nuclear magnetic 
ordering transition in solid “He seems 
to have been observed at a temperature 
of 1.17 mK in an experiment carried 
© out at Cornell University by Halperin, 
Archie, Rasmussen, Burhman and Rich- 


= ardson, and reported in a recent issue 


of Physical Review Letters (32, 927; 
1974). | 

The compressional cooling technique 
used in this work, which has been 
developed during the past few years by 
the low temperature group at Cornell, 
has already been extraordinarily fruitful 
in that it has led to discovery of the two 
new and apparently superfluid states of 
liquid *“He. The technique, known as 
Pomeranchuk cooling after the Russian 
physicist who originally suggested it, is 
based on the fact that for temperatures 
below about 0.3 K, “He has a negative 
latent heat of solidification so that, un- 
like other materials, it absorbs heat 
while changing phase from liquid to 
solid. 

In practice, after being precooled to 
about 1S mK by means of a dilution 
refrigerator, the liquid is then steadily 
compressed by the application of 
external pressure. At a pressure of 
about 34 atmospheres it starts to 
solidify and, because heat is thus being 
absorbed, it also starts to cool. The 
cooling effect can be maintained until, 
eventually, the cell is entirely filled with 
solid. The final temperature depends on 
a number of factors including the start- 
ing temperature, the rate at which heat 
leaks into the system or is developed by 
mechanical inefficiencies in the com- 
pression mechanism itself, and the rate 
at which the liquid is compressed, but 
is usually in the range 1-2 mK. The 

‘He, which is the subject of the present 





experiments, is thus able to act as its 
own refrigerant from which accrues the 
enormous benefit that the usual formid- 
able problems of thermal transfer and 
equilibrium in the low mK temperature 
range are automatically minimised. 

Unlike ‘He, the “He nucleus possesses 
a magnetic dipole moment and it is to 
be expected that, at some sufficiently 
low temperature Te, a transition will 
occur in which the nuclei become 
aligned in some ordered fashion relative 
to each other. Because the nuclear 
moments are so tiny the ordering 
temperature is bound to be exceedingly 
small and, just considering the direct 
magnetic interaction of the nuclei, it 
may be calculated that T-~10°° K. 
More refined calculations, however, 
taking account of the so-called exchange 
forces, suggest Te-~10~-* K, which is just 
within the experimental range made 
accessible by Pomeranchuk cooling. 

In essence the basic Cornell experi- 
ment was extremely simple: the volume 
occupied by the “He was reduced at a 
steady rate while its pressure was con- 
tinuously monitored. The pressure, with 
a mixture of liquid and solid in the cell, 
was necessarily always that of the melt- 
ing curve at the relevant temperature 
and, since the melting pressure increases 
with falling temperature, the pressure 
automatically gave a measure of the 
temperature. Under these conditions a 
plot of pressure P against ¢ is almost 
linear, corresponding to cooling of the 
sample at a constant rate, provided that 
no phase changes occurred in either 
liquid or solid apart, of course, from 
the continuous solidification-action pro- 
cess responsible for the refrigeration. 
In practice, the original experiment 
showed one change of slope and one 
discontinuity in the P(r) plot, and these 
were eventually proved to be caused by 
two superfluid transitions in the liquid 
phase. In the present work a third 
anomaly in the P(t) graph was observed 
at the even lower temperature of 1.17 
mK. 

The interpretation of these experi- 
ments, where both liquid and solid are 
simultaneously present, is of course 
extremely difficult. Through a series of 
ingenious additional experiments, how- 
ever, in which heat pulses were applied 
to the helium while compression was 
continued at a steady rate, the authors 
seem to have demonstrated unambigu- 
ously that the P(t) anomaly at 1.17 mK 
corresponds to a phase change within 
the solid, which must presumably 
represent the onset of magnetic order- 
ing, and they have been able to deduce 
that the entropy of the solid falls by a 
factor of 5 within a temperature range 
of ofly 100 aK. 

It has not been possible’ from these 
experiments to deduce the nattre of the 

ù + 
magnetic order below T.. Measurements 
of the nuclear sesceptibility at higher 
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temperatures had led to the develop- 
ment of a detailed model which pre- 
dicted a transition at 2.2 mK to an 
antiferromagnetic state, in which neigh- 
bouring nuclei point in opposite direc- 
tions. The fact that the actual transition 
has now been found to occur at only 
half this temperature is in itself strong 
evidence of the inadequacy of this 
model. A great deal of further work 
will certainly be required before a 
proper understanding of magnetic 
ordering in solid “He can be attained, 
but it is very encouraging to know that 
the phenomenon occurs in a tempera- 
ture range which has now become 
accessible to experiment. 


à 
Chemical heat 

é s : 
at oceanic ridges 
from Peter J. Smith 
Geomagnetism Correspondeni 
Near the crests of active oceanic ridges 
the mean heat flow is generally higher 
than the global average, and measure- 
ments are considerably more scattered 
than those in, for example, typical 
ocean basins. Both of these observa- 
tions are explicable in general terms, 
for hotter mantle-derived material 
rises beneath ridge crests to form new 
ocean floor, and a combination of 
rugged ridge topography and uneven 
sediment cover tends to produce both 
high measurement errors and a distor- 
tion of the heat flow pattern (for ex- 
ample, by thermal refraction). Never- 
theless, in view of the importance of 
testing the seafloor spreading hypo- 
thesis as rigorously as possible, such 
loose explanations are not entirely satis- 
factory; and it is not unreasonable 
to suspect that the rather messy heat 
flow picture may be concealing impor- 
tant information about physical and 
chemical processes in mid-ocean 
regions. 

Because of the large scatter of data, 
for example, there may be legitimate 
doubt about the validity of the mean 
heat flow values themselves, all the 
more so as McKenzie (J. geophys. Res., 
72, 6261; 1967) has shown that they 
are inconsistent with the formation of 
new oceanic crust at a reasonable 
temperature. Mean heat flow as mea- 
sured over ridge crests may indeed be 
high, but it is not as high as might 
be reasonably expected. 

Recognising the scope for investiga- 
tion here, Lister (Geophys. J., 26, 
515; 1972) made an important series of 
heat flow measurements on the Juan 
de Fuca ridge and near the Explorer 
trough in which he took care to assess 
topographic effects and the thermal in- 
fluence of recent sediment disturbances. 
The conclusion he came to was that 
the thermal balance of a ridge crest 
zone can be interpreted in terms of a 
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simple model of seafloor spreading, 
but only if a considerable part of the 
surface heat loss at the crest is non- 
conductive. He thus proposed that in 
addition to conduction, a significant 
proportion of crestal heat is carried 
away by convection in the form of 
open hydrothermal circulation within 
the upper 5-10 km of the rock mater- 
ial at the ridge crest. The critical re- 
quirement here is that the oceanic 
crustal rocks should be permeable 
enough for the circulation to take 
place; and although relevant data are 
sparse, there seems little doubt that 
this is the case. Accepting hydro- 
thermal flow, therefore, it follows that 
the (conducted) heat measured will be 
less than the total heat actually gener- 
ated, thus explaining the discrepancy 
noted by McKenzie. 

The existance of hydrothermal cir- 
culation may also explain other things, 
including the long-time puzzle of why 
anomalously low heat flow is commonly 
found on ridge flanks. Moreover, in 
a rather different field, and as Spooner 
and Fyfe (Contr. Mineral. Petrol., 42, 
287; 1973) have discussed at some 
length, ‘“‘vigorous convective circula- 
tion of brine within the oceanic crust” 
seems to be the phenomenon most 
likely to account for the pattern of 
metamorphic rocks found on the ocean 
floors. In other words, hydrothermal 
flow is “a significant process at axes 
of seafloor spreading”. Just how sig- 
nificant it is in thermal terms is indi- 
cated by a simple calculation. One 
cubic kilometre of liquid basalt at 
1,200° C could heat 3 km? of sea water 
to 300° C (lower than the boiling point 
at a depth of 1 km under a hydrostatic 
pressure gradient). This means that 
at the present rate of magma produc- 
tion all oceanic water could be so 
heated during circulation through 
oceanic crust in about 100 million 
years. As Spooner and Fyfe pointed 
out, all this suggests that convection 
-= within the crust constitutes the major 
process by which the cooling of the 
intrusive material in the crust takes 
place. 

But Fyfe (Geophys. J., 37, 213; 
1974) has now drawn attention to 
another implication of hydrothermal 
flow. The chemical processes induced 
by such circulation are oxidation, 
hydration, carbonation and the fixation 
of sulphur, all of which are exother- 
mic reactions. Thus magmatic heat 
induces large-scale convection and the 
convection then induces further heat- 
producing reactions. To estimate just 
how much heat is likely to be gener- 
ated in this way, Fyfe assumes that 
the upper 15 km of the oceanic crust 
cal and hydration of basaltic pyroxene 
(a thicker section than Lister suggested, 
to “allow for some tectonic mixing of 
the surface layers as the conveyor belt 
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Atlas of British amphibians and reptiles 


Prermana) Jamary 1973 


15, 


VIPERA 
BERWS(L) 
Adder 





THE number of adders (Vipera berus) present in the British Isles seems to be 
reasonably healthy; as this distribution map shows, records of sitings have been 
returned from most parts—except, of course, from Ireland. As the new Pro- 
visional Atlas of the Amphibians and Reptiles of the British Isles (edit. by Arnold, 
Biological Record Centre, 25p) reports, however, three of the remaining 11 
indigenous species—the natterjack toad (Bufo calamita), sand lizard (Lacerta 
agilis) and smooth snake (Coronella austriaca)—are now extremely uncommon 
and will need protection if they are going to survive. Staff at the Biological 
‘Records Centre at Monks Wood Experimental Station, Abbots Ripton, are aware 
of the provisional nature of the atlas; there are several areas where no recording 
of the commoner species has been done and they will be pleased to receive any 
record that fills in a gap on one of the maps. The atlas includes brief notes on the 


identification of species. 





moves’’) and that the crust comprises 
10 km of basalt and 5 km of peridotite. 
He then calculates that, in a 1 cm? 
column, serpentinisation of the perido- 
tite would produce 10° cal, oxidation 
of 10% FeO in basalt would give 2 x 10° 
cal, hydration and addition of COs to 
basaltic anorthite would yield 2x 1° 
cal and hydration of basaltic pyroxene 
would give 10° cal. This gives a 
total heat source of about 6x10® cal 
—comparable te tke ratlioactive heat 
generated in an equiyalent column of 


granite over a period of 20 Myr. 

Insofar as the chemical reactions 
considered by Fyfe are probably sim- 
pler than those actually taking place, 
the accuracy of this estimate of heat 
production is difficult to assess. Never- 
theless, it is obvious that there is a 
potential heat source here which is far 
from trivial. Fyfe contends, therefore, 
that such chemically generated heat 
can hardly be ignored in considering 
the thermal regime of the ocean floor 
and oceanic ridges. 
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Solar geomagnetic 
disturbances and 
‘weather 


by John Gribbin 

OnE of the key links in the developing 
theory that atmospheric circulation 
(and hence climate) on Earth is 
affected by solar activity has been pro- 
vided by evidence that geomagnetic 
activity can be connected with a deep- 
ening of troughs in the atmosphere. 
But although evidence presented by 
Roberts and colleagues (see J. atmos. 
Sci., 30, 135-140; 1973) has seemed to 
show that troughs at the 300 mbar level 
level ake affected in this way, and 
although other groups have presented 
evidence that even surface pressure 
responds to solar geomagnetic dis- 
turbances (see Mustel, Soviet astr., 10, 
288-294; 1966) the reality of the 
claimed effect has been queried by 
others. In particular, Stolov and 
Shapiro found no evidence to support 
the claim that atmospheric circulation 
is disrupted during disturbed geo- 
magnetic periods, according to a paper 
published three years ago (Proc. Sym- 
posium on Solar Corpuscular Effects 
in the Troposphere and Stratosphere, 
Moscow, 1971). So the recent publica- 
tion of another paper by the same two 
authors, in which they report that a re- 
analysis of the data does show such an 
effect, is particularly important (J. 
geophys. Res., 79, 2161-2170; 1974). 

The reason for the emergence of the 
effect from the new analysis seems to 
be that the strong seasonal trend in 
700 mbar heights which is introduced 
by ordinary meteorological factors 
must be removed before the solar 
geomagnetic effect can be picked out 
from the data. The data themselves 
are comprehensive, covering the period 
January 1, 1947 to December 31, 1970. 
They consist of sea level pressures and 
700 mbar heights measured at 5° 
latitude intervals and 10° longitude 
intervals in a diamond shaped grid 
over 20° to 70° N. The solar geo- 
magnetic incidents studied in the 
analysis were chosen from a variety 
of sources which gave a total of 454 
events, some of which were related to 
one another. 

Using a superposed epoch analysis 
and removing the seasonal effects 
which dominate the atmospheric varia- 
tions, Stolov and Shapiro find “firm 
statistical evidence . . . that strongly 
suggests the existence of a real rela- 
tionship between solar geomagnetic 
storms and the subsequent behaviour 
of the 700 mbar contour height”. The 
effect is more pronounced in winter, 
when the zonal flow is increased 4 
days following geomagnetic dis- 
turbance. In summer, a smaller but 
still significant effect occurs 2 days 


after such disturbances. At its maxi- 
mum (for the quadrant 90° to 175° W 
in winter) the effect corresponds to a 
7% increase in the mean westerly 
flow. Stolov and Shapiro say that “no 
acceptable physical observations are 
available to explain the observations”; 
however, that no longer seems to be 
strictly true in the light of King’s 
recent investigation of links between 
the magnetosphere and atmosphere 
(Nature, 247, 131-134; 1974). What is 
certainly true is that further statistical 
studies are needed, and that these 
might contribute both to weather fore- 
casting and to an understanding of 
climatic change. 


Vole populations 
and their diet 


from our Animal Ecology Correspondent 
One of the greatest drawbacks to the 
theories which purport to explain the 
factors causing vole population cycles is 
their relative untestability (for example, 
Chitty, Can. J. Zool., 38, 99; 1960; 
Christian and Davis, J. Mammal., 47, 1; 
1966) and recent attempts to elucidate 
behavioural or genetic factors have 
been inconclusive. Batzli and Pitelka 
(Ecology, 51, 1027; 1970) and Schultz 
(Symp. Brit. Ecol. Soc., 57; 1964) have 
suggested that nutritional aspects of 
forage may play an important part in 
regulating cycles. These could take the 
form of potassium or phosphorous 
deficiencies which bring about specific 
or general debility. . 

Another nutritional factor which 
might be involved is the toxicity of 
many food species of plant (Freeland, 
Am. Nat., 108, 238; 1974). From the 
huge mass of published work on species 
preferences ‘of vole food at various 
stages of the population cycle, Freeland 
argues that the loss of animals from 
peak population densities is the direct 
result of reduced viability induced by 
the consumption of plants, or parts of 
plants, that contain toxins. It is known 
that quite small amounts of toxins 
imbibed by voles cause inhibition of 
protein synthesis and growth, cessation 
of the reproductive processes, occur- 
rence of -megalocytes in the liver 
together with haemorrhagic necrosis, 
hypertrophy of the spleen, and cause 
neural and digestive disorders. If a vole 
eats more than one toxic species the 
effect of the toxins they contain may 
be mutually enhanced. 

Freeland puts forward a hypothesis 
with four central tenets: (1) voles must 
have a preference for non-toxic species; 
(2) with increasing population numbers 
these preferred foods should become 
scarcer with a concurrent increase in, 
availability of non-preferred, toxic 
species; (3) at high population densities 
voles ingest quite large quantities of 
toxic foods leting to a reduction in 
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growth and a slowing of reproduction; 
and (4) in the absence of grazing, the 
preferred non-toxic species should 
compete more strongly for space than 
the less preferred toxic species. The 
replenishment of favoured food so pro- 
duced following a ‘crash’ of population 
allows another cycle to start. 

In 1965 Thompson (Amer. Midi. 
Natur., 74, 75) examined the toxicity 
level of many food species of the voles 
Microtus pennsylvanicus and M. cali- 
fornicus in relation to their preferences 
of selection. A plant was ranked as 
toxic only if it was known to contain a 
compound or compounds that cause 
death or severe physiological damage. 
Bitter tasting or foul smelling species 
were not rated as toxic unless a truly 
toxic compound occurred as well. The 
result of Thompson’s laboratory trials 
was that voles prefer non-toxic plants 
like Trifolium repens and Lolium multi- 
flora to toxic ones like Ranunculus and 
Rumex. Batzli and Pitelka have found 
that during one cycle of Microtus 
abundance the amount of toxic species 
available becomes relatively more 
abundant in the face of a diminishing 
supply of preferred species. The estab- 
lishment of exclosures indicated that 
non-toxic species out-compete toxic 
ones. In areas grazed by voles there is ` 
a reciprocal fluctuation of the relative 
abundances of these two species types. 

Krebs et al. (Ecology, 50, 587; 1969) 
have noted that during population 
decline the rates of disappearance of 
different age and sex classes of voles 
are not the same. There is evidence that 
male sex hormone increases the activity 
of liver microsomal enzymes which 
bring about the degradation of toxins 
(Parke, The Biochemistry of Foreign 
Compounds, Pergamon, Oxford; 1968). 
So he differential mortality rates 
frequently observed by field workers is 
a phenomenon not incompatible with 
Freeland’s hypothesis. 

The crux of the hypothesis is that 
numerical change must come about 
sufficiently slowly for there to be a 
compositional change in the vegetation. 
Even though Microtus and similar 
rodent species have a high capacity for 
population increase, natural wastage to 
predation keeps the numbers low 
enough to avoid a hasty overgrazing of 
the vegetation. The slow build-up of 
rodent numbers produces a slow in- 
crease in availability of toxic species 
which, in time, decreases rodent abun- 
dance and allows the whole cycle to 
Start again. 

This hypothesis has merit and 
warrants close scrutiny. At the same 
time could population ecologists con- 
sider not so much how the cycle works 
as much as why it happens at all? Are 
cyclical rodents really in such a bad 
state of balance with their ecosystems, 
or is there another reason? 
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How history has blended 


H. V. Wyatt 


Department of Biology, University of Bradford, Bradford BD7 1DP, UK 


The experiments of Hershey and Chase, giving evidence 
that DNA is the genetic material, have been greatly simplified 
and modified in subsequent descriptions. Students are in 
danger of receiving a quite misleading impression of the 
process of scientific discovery. 


It was the classic paper of Hershey and Chase! which marked 
the psychological watershed after which DNA was rapidly 
accepted as the genetic material of living organisms. Looking 
back, it is difficult to see why this work was accepted whereas 
Avery’s demonstration that transformation was effected by 
DNA took longer to be appreciated (see for example refs 2—5). 
Moreover, whereas Avery’s 1944 paper® still holds, the conclu- 
sions of Hershey and Chase have since been modified in detail. 

The tightly constructed and interlocking experiments of 
Hershey and Chase have in most cases been reduced to only 
one experiment—the Blender experiment—which can be 
vividly portrayed by diagrams and is therefore popular in the 
textbooks. In the process of canonisation, their experiments 
are remembered ‘with advantages’. 

In this account, I attempt to review the Hershey and Chase 
experiments in the context of the discovery of transformation 
and the identification of the genetic role of DNA and to show 
how they have since been admitted to the Pantheon. 

In their paperi, Hershey and Chase describe the experiments 
in the following order. (1) Plasmolysis produces phage ghosts of 
protein and releases DNA into solution. (2) Phage DNA 
becomes sensitive to DNase after adsorption to heat-killed 
bacteria. (3) Phage DNA is liberated when phage adsorbs to 
bacterial fragments. (4) Removal of phage coats from infected 


bacteria (the Blender experiment). (5) Only 1% of the sulphur | 


from the infecting phage is transferred to the progeny (including 
a modified Blender experiment). (6) Thirty per cent of the 
phosphorus from infecting phage is transferred to the progeny. 
(7) Formalin-inactivated phage can attach to, but cannot inject 
their DNA into bacteria. 

The experiments formed a logical sequence. The first three 
provided further evidence for the functional differentiation of 
the protein coat from the enclosed DNA and continued the 
work of Herriott? and Northrop’. The Blender experiment (a 
term used by Hershey’) showed this elegantly. Experiments 5 
and 6 were altogether different and showed differential transfer 
of protein and DNA to phage progeny. The most important 
experiments, 4 and 5-6 are therefore complementary: alone, 
none is convincing. The two sets of experiments originated from 
two sources’, The Blender experiment followed from 
Herriott’s idea’ of a microsyringe the genesis of which lay in 
Avery’s work and that of Hotchkiss. The progeny experiments 
followed those of Watson and Maalge!®. 

The Blender experiment has since achieved so much fame 
that it is almost the only part of the Hershey and Chase paper 
which is still quoted. The novel use of the Waring Blender has 
perhaps stirred the imagination. Davis et al.1! for instance give 
an account of experiment 2 and of the Blender experiment, 
adding that these showed that “the phage DNA carries the 
genetic information and that infection consists of the penetra- 
tion of the viral DNA into the cells”. The results of the Blender 
experiment varied throughout the paper (Table 1), doubtless 
because a number of different experiments were reported in 
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different contexts. The experiments showed that 65 to 85% st 
the **P and 25 to 18% of the *®S was not stripped from the 
bacteria. Hershey and Chase inferred from both types of 
experiment only that the protein coat “probably has no function 
in the growth of intracellular phage. The DNA has some 
function.” They added “Further chemical inferences should not 
be drawn.” In the discussion they stated that the “following 
questions remain unanswered. (1) Does any sulphur-free phage 
material other than DNA enter the cell? (2) If so, is it trans- 
ferred to the phage progeny ? (3) Is the transfer of P to progeny 
direct or indirect?’ At the Cold Spring Symposium, Hershey? 
spelt out the limitations of the Blender experiment. (1) Does the 
20% of the virus DNA which is strippable mean that some of 
the DNA of the virus is dispensable or that some fails to inject? 
(2) Does the 20% of the protein that is not strippable have any 
function in the growth of the intracellular virus? (3) Does the 
non-strippable protein consist of the stubs of the tails only, 
or is some protein injected along with the DNA? 


Acceptance of the Blender experiment 

Mirsky suggested!” that the purity of DNA—the transforming 
principle—might include 2 to 3% protein even in a so-called 
pure preparation. It was this degree of contamination which 
made it seem possible that protein might still be the genetic 
carrier because Mirsky calculated that transformation required 
about 10° molecules of transforming principle. 

Hotchkiss had meanwhile shown that the amino acid 
recovered from acid hydrolysates of purified transforming 
principle was glycine, arising from hydrolysed adenine—not 
from contaminating protein. This work was originally published 
in Francet? and virtually lost**. Hotchkiss, however, later gave 
it at asymposium attended mainly by biochemists and probably 
only Herriott from the phage groups?; the contamination of 
transforming DNA by protein was less than 0.02%, if at all". 

Yet the contamination in the Blender experiment was of the 
order of 25%; why was this ignored by those who accepted the 
phage work? First, in the Blender experiment, almost all the 
infected bacteria survived the treatment and produced infec- 
tious phage and almost all had been infected by only one phage 
(ratio of phage to bacteria was 0.28). The contamination of 
protein (5S) in the Blender experiment was shown in a non- 
blender experiment to be associated with the bacterial cell wall 
and to be mainly coats of patental phage particles, presumably 
identical with the coats which could be sheared off. Hershey 
and Chase concluded that this protein probably never entered 





Table 1 Published data of the Blender experiment 
% Isotope eluted* 
32p 35$ 








Hershey and Chase 
Table 5 21-24 81-82 
Figure | 35t 807 
Text on page 48 21-35 75-80 
Discussion (“most™)} at least 80 
Summary 15 75 
Hershey (1953) § 0 20 80 
Limits of figures 15-35 75-82 





*Phage material stripped from infected bacteria. 
y calculations. 
¿ltem in bracket refers to isotope not eluted. 
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Table 2 How the Hershey and Chase experiments have been cited 
% Isotope eluted* 
32p 38$ 
Garen and Kozloff** 20 80 
Stent** < 20 > 80 
Herskowitz’: 0 97 
Cohen*? 20 > 80 
Beadle and Beadle** very little viral coats 
contained 35 

Hershey** (most with cells) most 
Hotchkiss 15 or less 80 
Clowes?’ (most transferred) mostly 
Fraser”! little 
Davis et al." reed all 80 

remained in cell 
Hayes’! 20 
Pollack*® >99 protein 
Stent® 20 90 
Stent? 20-35 75-80 
Stent? e 20 or less at least 80 
Joklik arid Smith*¢ (remained with cells) Eaa oei 

with bacterium 

Levy et al.” 


(most in cells) mainly in fluid 
20 80 


Kreuger et al.?! 


*Phage material stripped from infected bacteria. 
Quotes in brackets refer to % isotope remaining with the bacterium, 
not eluted. i 


the infected cell. In the next experiments they found that < 1% 
of the S could be recovered from progeny phage: this more- 
over was divided among an average of > 30 phage progeny per 
parent phage. This would not be very convincing if replication 
was of a non-conservative type but thinking about replication 
was necessarily vague at this time. 

This might have implied that less than 0.03% of the phage 
protein was necessary for the transfer of genetic information. 
The most difficult objection would have been if the genetic 
material had been protein and that this protein had contained 
little or no sulphur-containing amino-acids. An experimental 
technique similar to that used by Meselson and Stahl!® might 
have resolved this difficulty. The experiment of Meselson and 
Stahl is itself a blend of Avery’s isolation of DNA and of 
Hershey and Chase’s use of isotopic recognition. 


How Hershey and Chase have been quoted 


The paper has been reprinted in full in reprint collections!?*18 
and, with the omission of pages 39-44 and Tables 1-3 in other 
collections’*-*°, It is therefore widely available. Most authors 
quote only the Blender experiment with its results as shown in 
Table 2. Hayes”, Stent??? and Davis et al. give details of 
other experiments in the Hershey and Chase paper. Some 
authors give accounts of subsequent experiments. Herskowitz? 
gives not the results of the experiment he describes but an 
idealised interpretation and attributes the account in a footnote 
“this account follows the work of A. D. Hershey and M. Chase”. 
Diagrams of the experiment are given by Clowes? and by 
Fraser’: a diagram in Levy et al.” is however confusing as it 
seems that the same phage is labelled with both ??P and. 3S 
although the text is clear. Ravin?! is also confusing, saying that 
Hershey and Chase“. . . grew the viruses on bacterial hosts in a 
medium containing sulphur (S) and phosphorus (??P)”. A flow 
diagram of the experiment in Kreuger et al.” not only obscures 
the elegance of the original but confuses the reader. 

The only reproduction of the figure from the original? paper 
is in Stent**-although a figure showing ‘“‘representative 
results of the Hershey—Chase ‘blender’ experiment” is given in 
Kreuger et al.**, Stent?? says that the “Blender experiment . . . 
consists of infecting bacteria with °*P, S or “C labelled phage 
particles” and details the results as “more thane0 % of the viral 
sulphur and amino-acid carbon * . . more tian, 80% of the 
viral phosphorus or purine-pyrimidine carbon”. The isotope 
“uC was used by Watson and Maalge™ to label purines in their 
_ experiments when they found equal transfer of phosphorus and 
purines to phage progeny. In the conversations recorded from a 


conference, Stent® quotes the results of the Blender experiment® 
e 
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as “the Hershey-Chase experiment”, saying that the experiment 
was rather weak. This is probably true of that experiment in 
isolation but it was surely the combination of experiments that 
made the paper! so convincing. 

Pollack®® stated that “with Hershey and Chase’s demonstra- 
tion that bacteriophage left all (that is, experimentally more 
than 99%) of their protein coat and other superficial ‘apparatus’ 
behind on infection of the cell, it became very difficult still to 
maintain that nucleic acid was not the key substance in the 
maintenance of genetic continuity’. This is a blending of the 
Blender experiment with the results of the transfer of parental 
phage radioactive sulphur to progeny phage (1%). Although 
this is the furthest from accuracy, it nevertheless conveys the 
general impression of the entire paper more cogently than the 
quotations of the Blender experiment alone. 

A comparison of the figures in Tables 1 and 2 shows that only 
Stent?? could have taken his figures from the original (text on 
page 48). A number of the figures are outside the limits of the 
results given in the paper from which they are supposed to be 
taken. The figures of 20% 3#P and 80% S eluted are the most 
common and are given by Hershey in his summary of the work’. 
It is difficult to believe that so many authors have consulted this 
paper and not the original. It is more probable that these 
figures, now part of the myth, stem from an original quotation, 
now forgotten. 


Effects of idealising experiments 

Original experiments are not quoted in textbooks to give 
authority to the statements and general principles or facts 
which follow. Rather they are quoted to give a sense of his- 
torical perspective to the matter and to relate it to other 
material. Quoting a name provides a handy label for recall of 
the matter and perhaps unconsciously a handle for examination 
questions. Authors may also feel they are sugaring the pill with 
human interest. Where an experiment is quoted in detail, it is 
surely to show an example of an elegant economical experi- 
ment—a model to strive towards. It should illustrate the clarity 
of the experimenter’s aims and of his reasoning and it should 
show how far the results meet those required for a definitive 
answer; it usually shows how a single experiment or a single 
experiment as the culmination of others, can set scientists on a 
new path. The very existence of books of selected reprints and 
their use for teaching!® shows how important these experiments 
are considered. 

It is therefore of concern that so many textbooks are guilty 
of trivialising the experiments of Hershey and Chase. By 
reducing the complementary experiments to only the Blender 
experiment these textbooks diminish the elegance of the work 
and destroy the intricacy of the interlocking evidence: each 
step is in itself inconclusive, but in toto they are overwhelmingly 
convincing. If students accept these textbook accounts they are 
being taught not science but magic, which can be seen even 
more clearly in many practical textbooks. A favourite experi- 
ment, shown, for example, on a film currently in academic use, 
consists of precipitating a polymer (presumed to be DNA) and 
showing that addition of this substance to bacteria increases 
the number of mutants which can be isolated by selection. It is 
alleged that this experiment shows that DNA is the specific 
chemical substance which carries genetic information. As 
Avery et al. showed, the scientific demonstration that DNA is 
the carrier of genetic information is difficult and laborious 
(ref. 3 and my unpublished work). We are educating a genera- 
tion of scientists who may well believe that crucial experiments 
need no controls and give only rather vague results. 

The other aspect of the quotations in Table 2 is evidence 
of the rapid conversion of scientists to a new dogma. The 
original evidence is soon forgotten and a gradual process of 
improvement enstes. The cracks in the edifice are easily over- 
looked because they are not present in the idealised, model. 
This faith may be necessary so that the majority of scientists 
can proceed unworried with their work. But it is the young 
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scientists who can see the cracks and do the next. elegant, 
economical experiment who will found the new dogma. 
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The protein components of the enzyme system nitro- 
genase, responsible for the fixation of nitrogen by 
microbes, have been purified and characterised from 
several sources. Examination, by physicochemical and 
kinetic methods is revealing an elaborate reaction mech- 
anism involving electron transport from one protein to 
the other promoted by reaction with Mg—ATP. 


NITROGENASE is the name given to the .enzyme system 
responsible for biological nitrogen fixation, the reduction of 
dinitrogen (Nz) to ammonia’. In the past three years, tech- 
niques for handling these O»-sensitive proteins have im- 
proved and sufficient highly purified material has become 
available for mechanistic studies at the enzyme level. Möss- 
bauer spectroscopy, electron paramagnetic resonance 
(EPR), rapid reaction kinetics and classical steady state 
kinetics are converging to advance understanding of the 
mode of action of the enzyme. The basic action pattern 
seems to be similar whether the enzyme system is obtained 
from the strict anaerobe Clostridium pasteurianum, the 
facultative anaerobe Klebsiella pneumoniae or the aerobe 
Azotobacter vinelandii. Here we survey the state of the 
enzymology of nitrogenase at the end of 1973; recent re- 
views of nitrogen fixation are given in refs 2-5. 


Nitrogenase system - 9 
Nitrogenase consists of two proteins, one containing molyt- 
denum, iron and acid-labile sulphur (Mo—Fe protein) and 


the other iron and labile sulphur (Fe protein). Both are 
` essential for activity, together with Mg’* and ATP. ADP is 


a reaction product; it can inhibit nitrogenase and experi- 
mental stratagems are necessary to avoid its accumulation 
(see ref. 2). High Mg’+ concentrations can inhibit, probably 
by sequestration: of ATP as an inactive Mg-ATP complex’. 

In addition to Ne, which is reduced without formation of 
detectable intermediates, nitrogenase reduces a variety of 
triply-bonded nitrogen analogues (C:H:,HCN,N:O,CH3N= 
C). If no reducible substrate is supplied, hydrogen ions are 
discharged as He; this reaction is not completely suppressed 
by other substrates in vitro. Carbon monoxide inhibits all 
but the hydrogen-evolving function of nitrogenase*~>, The 
reduction of C:H: has been adopted as the now famous 
‘acetylene test’ for nitrogen fixation’; the reduction products 
of the other analogues suggest that substrates bind to a tran- 
sition metal during enzyme function”. 

Nitrogenase preparations from a number of organisms 

have been fractionated into two components both of 
which are required for activity (Table 1). The Mo-Fe pro- 
teins from C. pasteurianum’-“, K. pneumoniae™, A. vine- 
landi ™™, the bacteroid form of R. japonicum“ from soya 
bean nodules and the Fe proteins of C. pasteurianum’” 
and K. pneumoniae” have been highly purified. 
- Nitrogenase €omponents*from one organism will often 
cross react With components from other organisms to give 
functional enzymes. Table 2 summarises the position at the 
end of 1973; many of the tests did not use purified nitro- 
genase components so the table is expressed in only semi- 
guantitative form. 
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Table 1 Organisms from which active nitrogenase has been extracted 


Anaerobic bacteria 
Clostridium pasteurianum 


Desulfovibrio desulfuricans 

Facultative anaerobic bacteria 
Klebsiella pneumoniae 
Bacillus polymyxa 


E. coli C-M74 


Comments References 
Both components 
characterised Table 3 
Extracts of low activity 55 
Both components 
characterised Table 3 
Two components 
separated 56 


Constructed hybrid, 


Mo-Fe protein immuno- 
logically identical with 
K. pneumoniae protein 57 
Aerobic bacteria 
Azotobacter chroococcum 
A.vinelandii 


Components separated 58 
Mo-~Fe protein 


characterised Table 3 
Mycobacterium flavum 301 Two components l 
a separated | . 59 
Photosynthetic bacteria l 
Chromatium vinosum Mo-Fe protein l 
characterised Table 3 
Rhodospirillum rubrum Presumptive Mo-Fe 
protein only 59 
Blue-green algae 
Anabaena cylindrica Active extract by 
sonication 60, 61 
Gloecapsa Active extract by 
; sonication 62 
Plectonema boryanum 594 Active extract by 
sonication ; 63 
Legume bacteroids 
Glycine max + Rhizobium 
japonicum Mo-Fe protein 
characterised Table 3 
Lupinus luteus +- R. lupinii Active extract by 
sonication 64 
Ornithopus sativus Active extracts by 
pressure disruption 65 
Phaseolus aureus \_ + Rhizobium Two components shown 66 


Vigna sinensis spp 


Both proteins are irreversibly inactivated by oxygen. The 
Fe protein is particularly sensitive, therefore purification 
under an oxygen-free atmosphere is mandatory, and usually 
NaeSeO, is included as an O: scavenger in buffer solutions 
used during purification. Otherwise purification schemes 
make use of familiar techniques of protein chemistry’. ' 

The extreme O., sensitivity of nitrogenase poses a special 
problem for aerobic N»-fixing organisms, particularly those 
which are aerobic and/or photosynthetic. Some strains of 
blue-green algae protect their nitrogenase from oxygen 
produced during photosynthesis by compartmentation of the 
enzyme into specialised thick-walied cells termed hetero- 
cysts, which lack photosystem II, the Ox-producing photo- 
synthetic system. Species of N2»-fixing algae exist which do 
not form heterocysts, but they generally. fix N: only at low 
pO. values or low illumination levels. Azotobacters have 
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an elaborate physiological protection mechanism for their 
nitrogenase which has been reviewed recently”. . 

They have a very high respiratory rate which is closely 
coupled to prevailing Oz tension in the culture and which 
provides a dynamic process for lowering the dissolved 
oxygen concentration to a level at which nitrogenase can 
function. Extensive O, stress probably causes a ‘conform- 
ational protection’ of O»-sensitive nitrogenase which gives 
rise to an inactive but O.-tolerant form in the intact organ- 
ism. Such an O.-tolerant particulate form of nitrogenase is 
present in crude extracts of A. vinelandii and A. chroococ- 
cum, in which the enzyme proteins are stable in air and 
become O,-sensitive only during purification or on the 
addition of ATP or other nucleoside triphosphates™. A 
soluble O.-sensitive nitrogenase can be isolated from azoto- 
bacters by osmotic shock"; Os-sénsitively of nitrogenase 
components is apparently. influenced by association with 
membranes, NADH oxidase” or ATP. 

Ammonia, the product of enzymic nitrogen fixation, does 
not inhibit nitrogenase activity, but represses synthesis of the 
nitrogenase system. In K. pneumoniae this control occurs’ at 
the transcriptional level’’. Other sources of fixed: nitrogen 
such as NOs37 or urea also inhibit synthesis of nitrogenase if 
they penetrate the cell. Studies on the regulation of nitro- 
genase in A.vinelandii’? suggest coordinate control of the 
level of both nitrogenase components. During repression, 
activity of the Mo-Fe protein decreases rapidly and at the 
same rate as its characteristic EPR signal at g=3.7 (below), 
but immunologically active material persists for much 
longer. 


Nitrogenase proteins 


The Mo—-Fe proteins. Homogeneous preparations of this 
protein have been obtained from C. pasteurianum, K. pneu- 
moniae, soya bean bacteroids, Chromatium yvinosum and 
A.vinelandii; data are collected in ‘Table 3. It is usually a 
heteromeric tetramer in free-living bacteria but is homo- 
meric in bacteroids. The protein from A. vinelandii has 
been crystallised’ but the crystals are too small for X-ray 
analysis. Crystallisation is an unreliable criterion of purity”, 

‘The Fe content ranges from 18-34 Fe atoms per mol, and 
is approximately equivalent to the acid-labile sulphide con- 
tent. Reported Mo range from 1-2 atoms per mol. A 
preparation from C. pasteurianum containing 1 Mo atom 
per mol was separated into a.protein with increased activity 
containing 2 Mo atoms per mol”, and an inactive species 
with 0.5 Mo atoms: per mol”; the two species were nearly 
identical in amino acid composition, subunit structure and in 
immunological reaction. Zumft and Mortenson™ suggested. 
that other seemingly homogeneous preparations might con- 
sist of a mixture of dimolybdo and demolybdoproteins. 
Nothing is known about the distribution of metals within 





Table 2 Cross-reactions of nitrogenase proteins ‘from various organisms = 

Physiological Source of Fe protein Source of Mo-Fe protein 
status AV A Mf Kp Bp Cp Rr Acy Rj Dd 

Azotobacter vinelandii (Av) + 0 0 -+ -~ — 0 0 + 0 
Aerobes Azotobacter. chroococcum (Ac) 0 + T + t 0 tr. tr 0 0 

Mycobacterium flavum (Mf) 0 -+ -f + A 0 + 0 0 0 
Facultative Klebsiella pneumoniae (Kp) + -+ + + = 5 tr 0 og 
anaerobe Bacillus polymyxa (Bp) ES tr t 4 + = t 0 +: t 
Anaerobe Clostridium pasteurianum (Cp) — Q — — . + + — 0 — 0 
Photosynthetic Rhodospirillum rubrum@€Rr) 0 0 0 0 0 0 + °° O 0 0 

Anabaena’ cylindrica (A€y) - : 0 0 0 0 0 0 1 =e 0 0 > 

Symbiotic Rhizobium japonicum (Rj) + 0 + O Oe 0 0 0 0 - 0 





0 = not tested, tr = trace, | = about 50%, + 


= positive, —e= no „activity. 


Dd = Desulfovibrio desulfuricans. Data from several sources given by Burris® and, in addition, refs. 59, 67. Data for Dd from Dr T. H. 


Blackburn, that for Acy from P. Raynaud (personal communicatiens). 
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Table 3 Comparison of the properties of nitrogenase components from various organisms 


Mo-Fe protein 


K.pneumoniae!! C. pasteurianum 9:23:24 +52 A, yinelandii'2+33:69 R. japonicum 


Fe protein 


Chromatium K.pneumoniae!!  C.pasteurianum)5.70 


bacteroids vinosum31 
Molecular weight 229,000 220,000 270,000 200,000 66,700 55,000 
Subunit composition 51,300 50,700 54,000 50,000 — 34,000 27,500 
59,600 59,500 + 60,000 one type two types 
Metal and sulphide 
content per g atom per mol 
Mo I 2 2 1,3 E3 0 0 
Fe 18 22-24 32-36 29 17 4 4 
> 18 22-24 28 26 14 3.8 4 
EPR spectrum 4,32,3.63 4:27,3.78 4.33.65 — 4.3,3.68 2.053, 1.942 2.05,1.94 
2.009 2.01 2.01 — 2.01 1.865 1.88 
Sensitivity to O, -+ + + + afte -4 -4 +++ 
t4 10 min t4 4.5 min tt 455 





the subunits since (i) the metals do not exchange with iso- 
topes and (ii) the treatment with acid or detergent required 
to dissociate the subunits releases both metals”. 

AIt common amino acids are present, (see Table 4) with 
a high proportion (about 20%) of aspartate and glutamate, 
which are about twice as abundant as arginine and lysine. 
The protein from C. pasteurianum has a very much lower 
content of tryptophan than the other proteins and has two 
€ termini, consistent with two different polypeptide sub- 
‘units. When the compositions are used to estimate com- 
positional relatedness*, and to predict the probable degree 
of sequence homology”, the proteins from A. vinelandii 
K. pneumoniae and soya bean bacteroids prove to be more 
closely related to each other than to that from C. pasteuria- 
num. It would be premature to speculate how conservatively 
the amino acid sequence has been preserved within this 
group of proteins but the inability of the protein from C. 
pasteurianum to produce an active nitrogenase with com- 
plementary proteins from the other organisms (Table 2) 
might well reflect these differences. 

Mo-Fe proteins from’ C. pasteurianum’™*, K. pneu- 
moniae”*, Chromatium vinosum™ and A. vinelandii'?** have 
a unique and characteristic EPR spectrum below 30 K with 
g=2.01, 3.7 and 4.3 (Table 3). These resonances are most 
intense in the presence of Na:S:O,, and diappear on oxida- 
tion with a dye and also in the functioning nitrogen-fixing 
system. Palmer er al.” suggest that they originate from an 
antiferromagnetically coupled system of iron atoms with 
an effective spin state of S=3/2. Molybdenum is, in prin- 
ciple, more likely than Fe to produce this species, but 
enrichment with “Mo (nuclear spin 5/2) produced no 
hyperfine structure" whereas enrichment with “Fe 
(nuclear spin 1/2) produced some line broadening”. 
Hence Fe atoms are the probable source of the resonances. 
_ The precise g values and line widths of the protein of 

K. pneumoniae are pH dependent, and the substrate ana- 
logue CyHe displaces the signal in favour of the high pH 
form”. 

The Mo-Fe protein of K.. pneumoniae labelled with "Fe 
has been investigated by Mössbauer spectroscopy” and 
three redox states of the undamaged protein can be detec- 
ted. In the presence of NaS:O,, as normally isolated, the 
spectrum at 195 or 77 K consists of three overlapping quad- 
rupole pairs of absorptions with relative intensities corres- 
ponding to iron sulphur clusters containing 2, 8 and 8 
iron atoms. One of the groups of 8 atoms has magnetic 
properties and has been correlated with the EPR active 
species. In functioning nitrogenase a more highly reduced 
form of the Mo-Fe protein appears. Oxidation of the pro- 
tein gives Méssbauér spectra different from any others, par- 
ticularly from those observed during gatalytic activity; a 
species formed by oxidation with Lauth’s Violet retains full 
enzyme activity. Extensive O, damage results in spectra 
characteristic of ferric oxide or oxyhydroxide and presum- 


ably reflects destruction of the chromophore. A Méssbauer 
spectrum of the protein from A. vinelandii® has parameters 
similar to those of the oxidised protein from K. pneumoniae, 
with possible contributions from Ov.-inactivated protein. 

The ultraviolet and visible spectra of the Mo—Fe proteins 
from all sources®"'-**** are characteristic of iron—-sulphur 
proteins with more than two Fe and S’~ atoms per molecule. 
Their solutions are brown and have an absorption maximum 
near 280 nm. There are no maxima in the visible region, 
but rather a broad absorption extending from about 350 nm 
to well into the near infrared. The circular dichroism 
spectra of the proteins from K. pneumoniae” and C. pasteur- 
ianum™ are very similar, consisting of negative troughs 
near 210 nm and 220 nm associated with a-helical structure. 
They are exceptional among iron-sulphur proteins in that 
they do not show the optical activity in the visible region 
found with ferredoxins and xanthine oxidase”. 

Redox titrations of the proteins from K. pneumoniae”, 
and C. vinosum™ indicate a difference of two electrons per 
mol between the dye-oxidised and NayS.O,-reduced forms 
but a value of four electrons per mol has been reported for 
C. pasteurianun™. The protein of C. vinosum has two centres 
with identical EPR spectra which undergo single elec- 
tron reductions with midpoint potentials of —60 mV and 
—260 mV; this differs from C. pasteurianum where a four 
electron reduction at —70 mV is thought to occur”. 

The Fe protein. Only the proteins from C. pasteurianum 
and K. pneumoniae’' have been obtained in homo- 
geneous form; their properties are shown in Table 3. The 
extreme Oy-sensitivity of these proteins is a major obstacle in 
purification. The proteins from A. vinelandii and C. pasteur- 
ianum, but not K. pneumoniae, are cold labile and lose 
activity rapidly below 5°C. Fe-proteins are monomeric 
dimers with similar Fe and S^ contents. As with the Mo—Fe 
proteins, there is a high proportion (about 20%) of acidic 
amino acid residues which are about twice as abundant as 
basic residues’***, Although there is a general similarity in 
composition (Table 4) and a characteristic absence of tryp- 
tophan, the compositional relatedness of these proteins is not 
close. 

Electron paramagnetic resonance spectra of the proteins 
from C. pasteurianum®”, K. pneumoniae? and A. vine- 
landii* in the reduced form show a plant ferredoxin-like 
signal of the g=1.94 type below 40 K, although the line 
shape indicates a more complex structure than spinach 
ferredoxin. They integrate to 0.2-0.8 electrons per dimer 
depending on the source of the protein. The oxidised forms 
of these proteins have no EPR signal. When Mg** and ATP 
or ADP are added to the reduced proteins, the symmetry 
changes from å rhombic tô an axial type; other nucleoside 
triphosphates are inactive. Similar changes in signal sym- 
metry occur if the protein conformation is perturbed by 
5 eMurea®. Titration of the EPR spectrum with ATP 
showed tight binding of 2 ATP molecules to the protein 

e 
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Table 4 Amino acid compositions of nitrogenase components from various organisms 
Mo-Fe protein z Fe protein 
K.pneumoniae™ C.pasteurianum’* A.vinelandii?? R. japonicum’ K.pneumoniae™ C.pasteurianum®® 
bacteroids 

Asx 210 192 249 182 60 24 
Thr 104 120 115 89 36 44 
Ser 110 92 134 109 24 22 
GIx 206 196 250 179 84 68 
Pro 92 86 101 89 18 16 
Gly 152 182 206 171 60. 60 
Ala 158 140 169 162 60 36 
Val 124 148. 173 126 42 32 
Met 76 60 86 39 36 16 
Ile 100 160 134 112 48 32 
Leu 182 138 190 136 42 48 
Tyr 68 84 79 65 18 16 
Phe 96 68 102 80 12 12 
His 48 46 55 53 .6 4 
Lys 102 160 177 122 36 32 
Arg 102 62 108 94 24 24 
Cys(O H} 38 40 4i 23 18 12 
Trp 56 6 50 29 0 0 
Total 2,024 1,980 2,419 1,860 624 498 
% of Glx + Asx 20.5 19.5 20.6 19.4 23. 18.4 
% of Lys + Arg 10.7 11.2 11.8 11.7 9.6 11.2 
C termini — Ala, Leu — — — Leu 


Values given are residues per molecular weight of 229,000 for K.pneumoniae; 220,000 for C.pasteurianum; 270, 000 for A.vinelandii and 
200,000 for R.japonicum bacteroids Mo-Fe protein and 66, 700 for K. pneumoniae and 55, 000 for C.pasteurianum Fe Cee 


from C. pasteurianum™; equilibrium dialysis also showed 
two binding sites*’. 

ATP increases the sensitivity of the proteins from A. 
chroococcum or K. pneumoniae to O:-inactivation®’. With 
K. pneumoniae Fe protein it produces marked changes in 
sedimentation behaviour and also enhances the reactivity’ of 
sulphydryl groups with DTNB”. The iron of the protein 
from C. pasteurianum reacts faster with the chelating agent 
a,a’-dipyridyl in. the presence of ATP”. A conformational 
change of the Fe protein produced by ATP binding, presum- 
ably alters the symmetry of the iron-sulphur chromophore 
to a strained configuration, with a more reducing standard 
potential, from which state electrons are transferred to the 
Mo-Fe protein. The Mössbauer spectrum of reduced’ "Fe 
protein from K. pneumoniae is consistent with one type of 
Fe cluster of spin state of S=1/2 with the spin equally 
distributed over the four iron atoms”. Oxygen damage gives 
rise to a. spectrum very similar to that of reduced high 
potential Fe protein of Chromatium vinosum (Hipip), a 
protein which contains an Fe,S; cluster“. ATP with Mg" 
causes little change in the Méssbauer spectrum. 

The UV/visible spectra of the Fe proteins from K. 
pneumoniae” and C. pasteurianum” are very similar, being 
featureless in the visible region. Oxidation of the protein 
from C. pasteurianum with O; or dyes produces a maximum 
increase in absorption at 420 nm™. Similar changes occur in 
the Nb>-fixing system when the deductant is exhausted”, 
indicating that it becames oxidised under these conditions. 
The proteins from K. pneumoniae and C. pasteurianum have 
troughs associated with tertiary structure in the ultraviolet 
and no visible circular dichroism’. As noted above for the 
Mo-Fe proteins, the absence of visible CD is unusual for 
proteins with iron-sulphur chromophores. 

Electron donors to nitrogenase. Natural reductants of nitro- 
genase are ferredoxins and/or flavodoxins. Ferredoxins of 
N--fixing bacteria have redox potentials below —390 mV 
but range in iron and sulphur content from 2 to 8 atoms per 
mol depending on their source‘. A ferredoxin from one 
organism will usually show reactivity with nitrogenase from 
other organisms; flavodoxins have three oxidation states; 
the hydroquinone-semiquinone gouple of Æ, chroococcum 
flavodoxin is the ‘active electron-donating species to its 
homologous nitrogenase and also to nitrogenase from 
K. pneumoniae*. In anaerobic organisms, pyruvate metabo- 
lised by the phosphoroclastic system provides both reduced 


ferredoxin and ATP; formulate or He give only reduced | 


ferredoxin’. Chloroplasts which have been heat-treated to 
inactivate photosystem II can be used as a reductant for 
nitrogenase in vitro when coupled through a ferredoxin or 
flavodoxin”. Reduced viologen dyes® or NaS:O, reduce 
nitrogenase directly and are widely use in vitro. 

Interaction of the nitrogenase proteins. Though the 
separated nitrogenase proteins show evidence of interaction 
with ATP or reducible subtrates, neither has’ yet been shown 
to catalyse any partial reactions. When increasing amounts 
of the Mo-Fe protein are added to a fixed amount of Fe 
protein the nitrogenase activity iricreases from zero to a 
plateau if phosphate release from ATP is measured***’, but 
a region of inhibition is reached for reducible substrates®2-*° 
(Fig. 1) and NaSO, oxidation”. The shape of the inhibited 
part of the activity titration curve differs according to the 
source of the enzyme. Experiments with complementary 
proteins from K. pneumoniae and A. chroococcum indicate 
that the Fe protein determines the character of the 
inhibition”. The peak of activity occurs at an equimolar 
ratio of the two proteins for reduction of Ns or CH: and 
for Hz evolution but not for HCN reduction. Activity 
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Fig. 1 Nitrogenase activity of Klebsiella pneumoniae Fe protein 
with various concentrations of Mo-Fe protein. Fe protein 
(42 we) was assayed with various amounts of Mo-Fe protein 
(for experimentdl details see ref. 11). @ @, ATP hydrolysis; 
, Nz reduction; O-——O, CH, reduction: AA, 
*H, evolution. (After Fig. 10 of ref. 11 but including unpublished 
data for inorganic phosphate release from ATP.) ` 
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titration curves have led to the formulation of the 
stoichiometry of the nitrogenase complex as 1:1 for 
K. pneumoniae” and 1:2 (Fe protein in excess) for C. pas- 
teurianum®™. Ultracentrifuge studies*’ of K. pneumoniae 
components also indicate a 1:1 complex because an 
equimolar mixture, in the absence of NavS:O,, sediments as 
a single peak of 12.48, compared with the 10.48 of the larger 
Mo-Fe protein. Additional Fe protein sediments indepen- 
dently at its characteristic S value (4.8). NasS.O; prevents 
formation of the complex species. 

The characteristic Méssbauer and EPR spectra of the 
two proteins have been used to monitor the oxidation state 
of both proteins during the pre-steady state and during turn- 
over. EPR experiments have been done with components 
from K. pneumoniae™™, C. pasteurianum™*°°". A. vine- 
landi and Chromatium vinosum™, but Mossbauer experi- 
ments have been made only with K. pneumoniae™, The 
results obtained with nitrogenase from all four sources 
are gratifyingly consistent, and an early disagreement 
whether an oxidative” or reductive" change in the Mo—Fe 
protein occurs has been resolved”. Thus the mechanism 
schematised in Fig. 2 has a sounder experimental basis than 
those presented in earlier reviews and articles; essentially it 
implies that the Mg-ATP complex of reduced Fe protein is 
the electron donor to the EPR active form (intermediate 
redox state) of the Mo~Fe protein to which the reducible 
substrate is bound; it is presented for K.pneumoniae nitro- 
genase because most data are available for these proteins 
but it is probably substantially true of clostridial and other 
nitrogenases. A summary of the evidence bearing on the 
steps in Fig. 2 follows. 

(1) The electron donor in K. pneumoniae has not been 
identified but it is probably a flavodoxin or ferredoxin as in 
other nitrogen-fixing ‘bacteria. 

(2) The Fe protein accepts electrons from the donor, and 
binds Mg-ATP to form a species of altered EPR spectrum”, 
tertiary structure and standard potential. 

(3) Substrate is bound by the EPR-active form of the 
Mo-Fe protein at a site which influences the pH-dependence 
of the EPR spectrum. Since it probably involves a transition 
metal, it is tempting to assign to Mo the substrate binding 
role”. 

(4) In the steady state, the EPR of the Mo-Fe protein 
decreases by 90%*° an the fully reduced species appears in 
the Mössbauer spectrum, indicating that the reduced 
Mg-ATP-Fe protein transfers electrons to the Mo-Fe 
protein-substrate species of intermediate redox state”. 
Consistent with this view, the EPR signal of the Mo—Fe 
protein returns when reductant (NaeS»O,) is exhausted”. 
(5) The Mössbauer spectra of the Fe protein show only 
slight changes in the functioning enzyme, consistent with 
some degree of oxidation”; the EPR of the reduced form of 
this protein also persists, though at a lowered intensity”. 
(6) A 1:1 complex with a half-life longer than the half-life 
of the redox species of its components in the functional 
enzyme has been assumed in Fig. 2 on the basis of the 
activity titration’’*.and sedimentation data™ indicated 
earlier. 

The oxidised species of the native Mo—Fe protein which 
has no EPR but a distinctive Méssbauer spectrum, formed 
in vitro by reaction with the dye Lauth’s violet, is rapidly 
reduced by the reduced Fe protein in the presence of 


ATP”. Such oxidised species probably do not participate in 


enzyme function in vivo. 

The scheme in Fig. 2 is naturally imperfect: it supplies 
only a single function for Mg--ATP and accounts for trans- 
fer of only one electron from donor to reducible substrate. It 
also allows only one reductive site on the enzyme complex, 
when there may be as many as five’. Bus it provides a basis 
for future hypotheses, which must incorporate the fact that 
six electrons are transferred to No, with the apparent 
hydrolysis of more than six ATP molecules and without 
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Fig. 2 Schematic representation of events during turnover of 

nitrogenase. For details see text; (EPR) signifies that the species 

has an EPR signal; the multiple arrows before NH, signify the 

six electron transfer steps which occur before an identified 
reduction product is formed. 


o 
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identified itermediates. Whether the complex, if real, 
dissociates and reassociates during catalysis: whether the 
Fe protein is resupplied with ATP or replaced by new 
Mg-ATP protein are among the many questions that the 
scheme poses, ; 
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Stratospheric sink for chlorofluoromethanes : 
chlorine atomc-atalysed destruction of ozone 


Mario J. Molina & F. S. Rowland 


Department of Chemistry, University of California, Irvine, California 92664 


Chlorofluoromethanes are being added to the environment 
in steadily increasing amounts. These compounds are 
chemically inert and may remain in the atmosphere for 40— 
150 years, and concentrations can be expected to reach 
10 to 30 times present levels. Photodissociation of the 
chlorofluoromethanes in the stratosphere produces significant 
amounts of chlorine atoms, and leads to the destruction of 
atmospheric ozone. 


HALOGENATED aliphatic hydrocarbons have been added to the 
natural environment in steadily increasing amounts over several 
decades as a consequence of their growing use, chiefly as 
aerosol propellants and as refrigerants'*. Two chlorofluoro- 
methanes, CF.,Cl, and CFCI,, have been detected through- 
out the troposphere in amounts (about 10 and 6 parts per 10% 
by volume, respectively) roughly corresponding to the integrated 
world industrial production to date*™®*4. The chemical inert- 
ness and high volatility which make these materials suitable 
for technological use also mean that they rem4in in the atmos- 
phere for a long time. There are no obvious rapid sinks for their 
removal, and they may be useful as inert tracers of atmospheric 
motions**, We have attempted to calculate the probable sinks 
and lifetimes for these molecules. The most important snk 
for atmospheric CFCI, and CF,Cl, seems to be stratospheric, 


photolytic dissociation to CFCI, + Cl and to CF,CI + Cl, 
respectively,at altitudes of 20-40 km. Each of the reactions creates 
two odd-electron species—one Cl atom and one free radical. 
The dissociated chlorofluoromethanes can be traced to their 
ultimate sinks. An extensive catalytic chain reaction leading | 
to the net destruction of O, and O occurs in the stratosphere: 

Cl +O, —> ClO + 0, (1) 

CIO + O— CIl + O, (2) 
This has important chemical consequences. Under most 
conditions in the Earth’s atmospheric ozone layer, (2) is the 
slower of the reactions because there ts a much lower concen- 
tration of O than of O,. The odd chlorine chain (Cl, ClO) can 
be compared with the odd nitrogen chain (NO, NO,) which is 
believed to be intimately involved in the regulation of the 
present Jevel of O, in the atmosphere’?®. At stratospheric 
temperatures, CIO reacts with O six times faster than NO, 
reacts with O (refs 11, 12). Consequently, the Cl-ClO chain 
can be considerably more efficient than the NO-NO, chain in 
the catalytic conversion of O, + O->2O, per unit time per 
reacting chaint’. 


Photolytic sink 


Both GFCI, and CF.Cl, absorb radiation in the far ultraviolet", 
and stragospheric photolysis will occur mainly in the ‘window’ 
at 1,750-2,200 A between the more intense absorptions of the 
Schumann—Runge regions of O; and the Hartley bands of O4. 
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We have extended measurements of absorption coefficients 
for the chlorofluoromethanes to cover the range 2,000-2,270 A. 
Calculations of the rate of photolysis of molecules at a given 
altitude at these wavelengths is complicated by the intense 
narrow band structure in the Schumann—Runge region, and the 
effective rates of vertical diffusion of molecules at these altitudes 
are also subject to substantial uncertainties. Vertical mixing is 
frequently modelled through the use of ‘eddy’ diffusion coeffi- 
cients!*15-18° which are presumably relatively insensitive to the 
molecular weight of the diffusing species. Calculated using a 
time independent one-dimensional vertical diffusion model with 
eddy diffusion coefficients of magnitude K ~ (3 x 10°)— 
104 cm? s~! at altitudes 20-40 km (refs 10, 15-18), the atmos- 
pheric lifetimes of CFCI, and CF,Cl, fall into the range of 
40-150 yr. The time required for approach toward a steady state 
is thus measured in decades, and the concentrations of chloro- 
fluoromethanes in the atmosphere can be expected to reach 
saturation values of 10-30 times the present levels, assuming 
constant injection at current rates, and no other major sinks. 
(The atmospheric content is now equivalent to about five years 
world production at current rates.) Lifetimes in excess of > 
10 and > 30 yr can already be estimated from the known 
industrial production rates and atmospheric concentrations? >, 
and so the stratospheric photochemical sink will be important 
even if other sinks are discovered. 

Our calculation of photodissociation rates is modelled after 
those of Kockarts'’ and Brinkmann”, and is globally averaged 
for diurnal and zenith angle effects. The photodissociation 
rates at an altitude of 30 km are estimated to be 3 x 1077s" 
for CFCI, and 3 x 1078s for CF,Cl., decreasing for each by 


about a factor of 10°* at 20 km. The appropriate solar ultra- , 


violet intensities at an altitude of 30 km may be uncertain by a 
factor of 2 or 3 (ref. 2]) and we have therefore calculated 
lifetimes for photodissociation rates differing from the above by 
factors of 3 or more. The competition between photodissocia- 
tion and upward diffusion reduces the relative concentration of 
chlorofluoromethane at higher altitudes and the concentrations 
should be very low above 50 km. The peak rate of destruction, 
and formation of Cl atoms, occurs at 25-35 km, in the region 
of high ozone concentration. The rates of formation of Cl atoms 
at different altitudes, and the chlorofluoromethane atmos- 
pheric lifetimes are sensitive to the assumed eddy diffusion 
coefficients, as well as to the photodissociation rates. 

The major chain processes in the stratosphere involving 
species with odd numbers of electrons belong to the H (H, 
OH, HO, N (NO, NO,), and Cl (Cl, ClO) series. (ClO, is 
rapidly decomposed and its concentration is negligible relative 
to Cl plus ClO.) These odd-electron chains can only be ter- 
minated by interaction with one another, although other 
reactions can convert one series to another. At most altitudes, 
the first reaction for converting the CI-ClO odd-electron chain 
to an even-electron species containing chlorine is the abstrac- 
tion of H from CHy,, which transfers the odd-electron character 
to the CH, radical: 

Cl + CH,-~HC! + CH, (3) 
At stratospheric temperatures the rate constant for Cl atoms??, 
for (3) is about 10~* times as fast as (1) and the O,/CH, con- 
centration ratio can make the rate of (3) less than that of (1) 
by another factor of 10. The Cl atom chain can be renewed by 
the reaction of OH with HCl (ref. 23): 
OH + HCI — H,O + Cl (4) 
Ultraviolet dissociation by absorption in the range 1,750- 
2,200 A can also occur at the higher altitudes. The reaction rate 
of (4) in the stratosphere depends on the concentration of OH, 
which is known only roughly. In our estimates, termination 
of the CI-ClO chain results from downward diffusion of the 
longer lived species in the chain (CIO, HCI) and eventual 
removal by tropospheric processes. The rate of termination 
thus also depends on diffusion processes and, estimates will vary 
with the choice of eddy diffusion coefficients. e 
Possible terminations involving the Cl series with itelfe 
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(for example, Cl + NO — NOCI) normally lead to molecules 
with appreciable absorption coefficients at longer wavelengths, 
which are very rapidly dissociated again by the much more 
intense solar fluxes available there. Thus, even if a molecule 
which temporarily terminates two chains ts formed, at least one 
of which involves the Cl series, the terminating molecule is 
rapidly photolysed and both chains are regenerated again. 

. Under most stratospheric conditions, the slow reactions in 
both the CI-ClIO and NO-NO, chains occur between O atoms 
and CIO and NO, molecules. The two chains are interconnected: 

CiO + NO — CI + NO, (5) 
The rate of this reaction in the stratosphere is frequently 
comparable to that of reaction (2). The overall effect is complex 
and depends on the relative concentrations of ClO,, NO,, 
O;, O and OH. Reaction (1) is so rapid that the ClO;CI ratio 
is usually > 10, even when Cl is produced by both reaction (2) 
and reaction (5), so that the overall rate of reaction (2) is not 
directly affected by the occurrence of reaction (5). As soon as 
Cl is produced, however, HCI can form by reactions (1) or (3), 
resulting in the temporary termination of the Cl atom chain. 
Whether or not the chain is then restarted depends primarily 
on the concentration of OH. There are substantial ranges of 
stratospheric altitudes in which neither reaction (3) nor reaction 
(5) seriously impedes the chain process of reactions (1) and (2). 
The initial photolytic reaction produces one CI atom from 
each of the parent molecules, plus a CX, radical (X may be F 
or Cl). The detailed chemistry of CX, radicals in O, or air is 
not completely known, but in the laboratory a phosgene-type 
molecule, CX,O, is rapidly produced and another X atom— 
probably Cl (or ClO)—is released from CFCI, or CF,CI?**. 
CX,O may also photolyse in the atmosphere to give a third and 
fourth free halogen atom. Thus, each molecule of CFCl, 
initially photolysed probably leads to between two and three 
Cl atom chains, and CF,Cl, probably produces two CI atom 
chains when it is photolysed. Initial calculations suggest that 
F atom chains will be much shorter than Cl atom chains be- 
cause the reaction of abstraction from CH, is much faster for F 
atoms?®, whereas the reaction between OH and HF is 17 
kealorie mol! endothermic and will not occur in the strato- 
sphere. We have not yet attempted to analyse the subsequent 
reaction paths of HF. 


Production rates 


The 1972 world production rates for CFCl, and CF,Cl, are 
about 0.3 and 0.5 Mton yr™ respectively} 5, and are steadily 
increasing (by 8.7% per year for total fluorocarbons in the 
United States from 1961-71) (ref. 1). We have not included any 
estimates for other chlorinated aliphatic hydrocarbons also 
found in the atmosphere, such as CCI, (refs 3 and 4), CHCI}, 
CCl, and C,HCi, for which there is no evidence for long resi- 
dence times in the atmosphere”. If the stratospheric photolytic 
sink is the only major sink for CFCI, and CF,Cl,, then the 
1972 production rates correspond at steady state to globally 
averaged destruction rates of about 0.8 x 10’ and 1.5 x 10 
molecules cm7? s and formation rates of CI atoms of about 
2 x 10? and 3 x 10? atoms cm”? s`, respectively. The total 
rate of production of 5 x 10? Cl atoms cm~? s7 from the two 
processes is of the order of the estimated natural flux of NO 
molecules (2.5-15 x 10’ NO molecules cm? s`) involved 
in the natural ozone cycle®"2, and of the 5 x 10’ NO molecules 
cm~? s-! whose introduction around 25 km from strato- 
spheric aviation is estimated would cause a 6% reduction in 
the totai O, column”. 

Photolysis of these chlorofluoromethanes does not occur 
in the troposphere because the molecules are transparent to 
wavelengths longer than 2,900 A. In fact the measured absorp- 
tion coefficien’s for CFCl» and CF Cl; are falling rapidly at 
wavelengths longer than 2,000 A (ref. 14). The reaction be- 
tween OH and CH, is believed to be important in the tropo- 
sphere!?»28, but the corresponding Cl atom abstraction reaction 
(for example, OH + CFCI, —— HOCI + CFCh) is highly 


(for exampie, Cl + ClO —> ChO) or with one of the others endothermic and is negligible under all atmospheric conditions. 
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Neither CFCI, nor CF,CI, is very soluble in water, and they 
are not removed by rainout in the troposphere. Details of 
biological interactions of these molecules in the environment 
are very scarce because they do not occur naturally (except 
possibly in minute quantities from volcanic eruptions)**, but 
rapid biological removal seems unlikely. The relative insolu- 
bility in water together with their chemical stability (especially 
toward hydrolysis)” indicates that these molecules will not be 
rapidly removed by dissolution in the ocean, and the few 
measurements made so far indicate equilibrium between the 
ocean surface and air, and therefore a major oceanic sink 
cannot be inferred’. 

It seems quite clear that the atmosphere has only a finite 
capacity for absorbing Cl atoms produced in the stratosphere, 
and that important consequences may result. This capacity is 
probably not sufficient in steady state even for the present rate 
of introduction of chlorofluoromethanes. More accurate 
estimates, of this absorptive capacity need to be made in the 
immediate future in order to ascertain the levels of possible 
onset of environmental problems. 

As with most NO, calculations, our calculations have been 
based entirely on reactions in the gas phase, and essentially 
nothing is known of possible heterogeneous reactions of Cl 
atoms with particulate matter in the stratosphere. One import- 
ant corollary of these calculations is that the full impact of 
the photodissociation of CF,Cl, and CFCI, is not immediately 
felt after their introduction at ground level because of the 
delay required for upward diffusion up to and above 25 km. 
If any Cl atom effect on atmospheric O, concentration were 
to be observed from this source, the effect could be expected 
to intensify for some time thereafter. A lengthy period (of the 
order of calculated atmospheric lifetimes) may thus be required 
for natural moderation, even if the amount of Cl introduced 
into the stratosphere is reduced in the future. 
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X-ray spectrum of NP0532 


THERE is a change in the X-ray spectral index of the Crab 
pulsar NP0532 near 10 keV (refs 1 and 2). We here examine 
this in a more quantitative fashion than before, using most of 
the available published data, together with some unpublished 
data (Table 1). The pulsed fraction is the ratio of the pulsed 
radiation to total radiation; data published as the ratio of the 
pulsed to unpulsed components have been duly corrected. The 
unpulsed reference level has been determined according to 
- Ducros ef al.* and where other workers have used a significantly 
different convention, these data have been corrected. We 
believe that all data (31 points), can be validly compared. 
Other results, not considered here**5, are geferally in agree- 
ment with the data we have used. The use of the pwlsed fraction 
as the basic spectral quantity allows the low energy spectrum 
to be treated independently of interstellar absorption because 
it is the same for both the pulsed and unpulsed components? 


A multiparameter, nonlinear, weighted routine was used to, 


fit least squares (see refs 6 and 7). This program yields values 
of the unknown parameters of any generalised mathematical 
model which is applied to input data, together with relevant 
statistics, including the approximate 95% confidence interval 
for each parameter and the reduced x? x%,, the value of x? per 
degree of freedom) for the successful fit. 

Any change in spectral slope will probably be gradual, 
perhaps spanning a decade or more. The precision of the 
available data is, however, such that a sharp break can be 
assumed for the source model, at least initially. This is also 
analytically simple. The assumption of identical spectral indices 
above the break energy is justified in a similar way (see also 
ref. 8). The pulsed fraction F as a function of energy E (keV) 
is thus given by 


(A, ESE 
FEY E i3 exp (— BAX, Ey-a, E< Ep 


where A is the fraction (assumed constant) above the break 


A. 


-a | 
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Table 1 Summary of the data used* 


Energy range No. of data 
Source (keV) points 
a, Saclay (unpublished) 0.7— 10 11 
b, NRL? 0.6 9 6 
c, Caltech** 0.7— 2.5 2 
d, MIT! 1.5- 10 1 
e, GSFC 2— 10 I 
f, Saclay? 2.2~ 30 4 
g, MIT” 25-100 1 
h, Rice® 42—100 3 
i, Saclay! 15-150 2 





*Values are derived for the size and location of the break, assuming 
identical spectral indices for the pulsar and the nebula above the 
break energy and taking into account the effect of interstellar dust 
scattering on the pulsed radiation below approximately 2 keV. 
a, Unpublished data (C. Jehanno, C. Cheron, J. Leloup, R. Rothen- 
flug, and R. Thomas). i 


energy Ep, a and y are the spectral indices of the pulsar and 
total emission energy respectively, B(Å-3) is the interstellar 
grain scattering coefficient, à is the photon wavelength (A), 
and B = A exp (BAg*)Ega-y where A, = Ac/E,. The effect of 
scattering is felt only below about 2 keV, and so B is left a 
fixed parameter. An X-ray measurement of this quantity, and 
thus of the amount of dust in the line of sight should, however, 
become possible with further improvement in the precision of 
0.5 and 2 keV data. Consequently, two fixed values of B 
were tried: B = 0 (no scattering) and B = 2 x 10- A-? (as 
expected in the direction of the Crab). The quantities a, A and. 
Eg were left as free parameters, with y = 1.0. The computa- 
tional results are summarised in Table 2 and the best fit is 
drawn through the data of Fig. 1. 

The choice of B makes little difference to the quality of the 
fit, but using B = 2 x 10-* Å-? makes the spectral index and 





Table 2 Computational results for parameters used 


B(A-?) x: a Es(keV) A(%) 
0 ‘0.75 0.354015 24413 194 4 
2x 10° 0.72 0.444013 30417 20+ 4 


the break energy slightly greater. The large error in Eg, to- 
gether with the acceptable x2, value, reflects the lack of 
precision of the data. A sharp break at 30 + 17 keV satisfies 
the data well, although statistically improved data will probably 
modify this conclusion in the future. 

The value a = 0.44 + 0.13 is derived relative to a total 
emission index of y = 1.00. Taking the error in y to be + 0.1 will 
yield a final result ofa = 0.4 + 0.2. This result is not inconsistent 
with the suggestion’® that the pulsar X-ray index may be 
identical to the Nebula radio index of 0.26, indicating a common 
parent electron population in regions with different magnetic 
fields. A spectral index of between 0.4 and 0.5, extrapolated 
toward the optical region, agrees, however, much better with 
the known pulsar optical spectrum than does an index of 
0.26 or 0.2 (ref. 1). 

The present fit shows that there is no necessity to postulate a 
further sharp change of spectral index in NP0532 between 
1.5 and 3 keV as suggested by Rappaport et al.*. 

The idea that the decrease in the pulsed fraction below the 
break is attributable entirely to interstellar scattering (ref. 11) 
was tested. The resulting fit was unacceptable (x2 = 2.7) and 
the derived value of B = (1.6 + 0.9) x 10-2 A-? was an order 
of magnitude higher than optical measuréments imply (ref. 
9), regardless of the grain model assumed. This model çan, 
therefore be rejected (see also refs 3 and 9). 
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Fig. 1. The X-ray pulsed fraction of NP0532, showing the least 
squares fit. A selection of the data listed in Table I is displayed. 
Notation as in Table 1. Solid curve, line of best fit. 


Variations of the total emission spectral index of the Nebula 
with energy”, are relevant. Our assumption that the total 
emission spectral index is given by y = 1.0 + 0.1 remains 
valid for energies up to 60 keV (refs. | and 2), a fact which 
lends confidence to the derived value of a = 0.4 + 0.2 for the 
pulsar below about 30 keV. The increase in y to 1.46 + 0.11 
above 60 keV brings into question the assumption that 
a = y for E > Eg, which would imply a second pulsar break 
at 60 keV, for which there is no evidence. In our opinion, 
however, the use of the analytically simple model presented 
here is justified at this time by the relatively poor statistics of 
the higher energy pulsar data. 
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Charge composition of 
cosmic rays between 4 and 100 GV 


SEVERAL groups have reported the energy dependence of the 
charge composition of cosmic-ray nuclei with Z> 3 (refs 1-5). 
The results suggest that the ratio of the numbers of nuclei in 
groups L aħd M (defined in Table 1) decreases as the rigidity 
increases. At 100 GV the ratio is about 25% lower than the 
value below 10 GV. There is, however, no general agreement 
about the variation with rigidity of the ratio of VH nuclei to 
M nuclei; a variable ratio would be evidence for the existence of 
more than one basic acceleration mechanism, because both 
charge groups are thought to consist mainly of particles coming 
directly from the sources. The largest variation in the ratio of VH 
to M nuclei is reported by Ormes and Balasubrahmanyan!. 
We report here the measurement of the ratios of L nuclei to M 


Magnet coil je Particle path 


Spectrometer plates 


Target stack 





Fig. 1 Schematic representation of the detector system indica- 
ting the location of the five spectrometer plates and the target 
emulsion stack. 


nuclei and of VH nuclei to M nuclei using a magnetic spectro- 
meter. Our results are based on two balloon flights, the first from 
Palestine, Texas, on August 23, 1969, and the second on Novem- 
ber 13, 1970, from Parana, Argentina. The combined exposure 
factor for these flights was 273 cm? sr s at an average altitude of 
3 g cm™. 

The apparatus® consists of an emulsion block and five double- 
coated glass plates arranged in the field of a superconducting 
magnet (Fig. 1). Events were found by area scanning the target 
block and rigidities were measured by tracing particles through 
the emulsion-coated glass plates. The scanning efficiency was 
> 95%. The process of rigidity measurement has a resolution of 


Table 1 Number of nuclei as a function of charge group and 
rigidity 
Rigidity interval (GV) 


Charge group 47 7310 10-15 1325 25-50. > 50 


LG<sZ<5) ` 18 Ži -18 l 8 
M (6< Z< 8) 14° 64 #81 78 ° 49 35 
LH+MHO<Z<19) 22 29 18 2 18 «5 
VH (20 < Z < 27) 1 F 7 5 1 3 


p IONII A EN EE iii aise ESAE EE EEE. a 


Total no. of events = 625. LH, 9 < Z < 14; MH, 15 < Z< 19% ° 
® 
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Fig.2 Rigidity spectrum. The histogram contains data from the 

Palestine flight; the data bars are from the Parana flight. Both 

curves are uncorrected for geomagnetic transmission." @, 

l ` Palestine flight; + Parana flight. 

12% at 5 GV and 35% at 100 GV (ref. 6); it is very straight- 
forward (using a 14-constraint least squares fit to each track) and 
does not rely on assumptions concerning observed spectrum. 
Alignment and resolution information are obtained by turning off 
the magnet in flight to calibrate the system with tracks which are 
straight except for Coulomb scattering. A computer-controlled 
microscope with a measuring accuracy of + 2.5 um, was used to 
measure the trajectories. A total of 791 tracks of nuclei with 
Z = 3were located during the area scan. This paper is based on 
the 625 events which have so far been measured completely. In 
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Fig. 3 Charge composition of the combined flight data. 
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Fig. 2 we present the rigidity spectra of nuclei with Z > 3 
gathered during the two flights. There is close agreement be- 
tween the energy spectra of Texas and Argentina flights at 
rigidities above 12 GV, where solar modulation should be 
negligible. The absolute flux value agrees with that of Anand 
ef al.’. A maximum likelihood analysis gives a spectral index of 
— 2.6 + 0.1, which is consistent with other observations in this 
region. 

Charge measurement was carried out using a television micro- 
scope to measure track area. The charge distribution obtained 
with the microscope photometer is shown in Fig. 3. The 
resolution is 0.4 charge units at carbon and ~ 1.0 charge unit at 
iron. Clearly, there is some contamination of L nuclei from the 
neighbouring carbon peak. This contamination should be 
independent of rigidity. 

Figures 4 and 5 show the charge composition as a function of 
rigidity. The data are uncorrected for the 3 g cm~? of air, 3 
g cm~? of emulsion and 1 g cm~? of glass above the scan line. 

Measurement of spectral indices for the individual charge 
groups is difficult at rigidities below 12 GV because of very 
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Fig. 4 Ratio of L nuclei to M nuclei as a function of rigidity. 
©, Smith et alt; L], Juliusson et al.?. 


strong solar modulation during the Texas flight and a geo- 
magnetic cutoff at 12 GV during the second flight. Instead of 
measuring separate spectral indices we have measured the depen- 
dence on rigidity of the ratios of the charge groups. This rests on 
the implicit assumption that effects arising from solar modula- 
tion and geomagnetic cutoff do not depend on charge in the 
range 4-12 GV. The analysis of the dependence -oh rigidity of 
the charge ratios was carried out by using the M nuclei at a 
given rigidity to predict the numbers of VH or L nuclei. For a 
given charge group (VH, for example) a charge ratio relative to 
the M group R = ap~ 4* is assumed. The constant a is chosen so 
that the number of expected VH (or L) nuclei equals the number 
of observed VH (or L) nuclei. The parameter AK is the difference 
in spectral indices (AK> 0 means VH is flatter than M). In each 
rigidity interval 
< VH » expected — R (P, AK) (M observed (1) 
Using the values of < VH > ex») and (VH),,, a pseudo- 
likelihood function is evaluated for a given value of AK by 
multiplying the Poisson probabilities of all the rigidity intervals. 
L (AK) me II P( < VH b exp (VA) ous) (2) 
rigidity 
intervals 5 ‘ 
where P is the Poisson probability of obserVing (VE )ops When 
VH exp IS the expected number of counts. 


The effects of mixing of data from adjacent rigidity intervals 
© 
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Fig.5 Ratio of VH nuclei to M nuclei as a function of rigidity. 
C], Juliusson et al.?; curve, best fit for VH/M after @rmes and 
Balasubrahmanyan!. 


are small for the magnetic spectrometer. The uncertainty in 
measured rigidity is easily determined by least-squares error 
propagation. The largest correction would be to the highest 
rigidity bin in the ratio of VH nuclei to M nuclei. The ratio 
should be lowered by ~0.01 which is negligible. Although such 
corrections may be significant for other less accurate energy- 
measuring devices they can be neglected in this analysis. 

The likelihood analysis yields a spectral index difference 
AK = —0.2 +0.2 for the VH/M ratios. Our result is in strong 
conflict with that of Ormes and Balasubrahmanyan’, -+0.57 
+0.14, which has a likelihood of 0.1% relative to our most 
probable result. This result is not inconsistent with the observa- 
tions of Juliusson etal.2, Webber et a/.* and Atallah eż al.4 as canbe 
seen in Fig. 5. Our experiment itself, however, reveals no evidence 
of a difference between the VH spectrum and the M spectrum. 
The L/M analysis gives a spectral index difference AK = +0.12 
40.4, consistent with the observations of all other observers but 
also consistent with zero. It is worth noting again that our L 
sample is contaminated with 20-25% of carbon nuclei. The 
(LH + MH)/M ratio gave a spectral index difference of 
— 0.14. 

Since the area scan is 95 % efficient, the identification of parti- 
cles is independent of energy and the rigidity measurement 
relies only on the solution of the Lorentz-force equation, this 
experiment can be expected to be exceptionally free of energy— 
charge biases. We find no evidence that the VH spectrum is 
steeper than the M spectrum. The difference in spectral indices 1s 
— 0.2 + 0.2 (minus meaning VH is steeper than M). Observa- 
tions of the L and (LH + MH) fluxes relative to the M flux is 
consistent with the observations of the Berkeley and Chicago 
groups. 
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Isotropy of the arrival directions of ultra high 
energy cosmic rays 


THERE has been little success in the search for anisotropies in 
the arrival’directions of ultra high energy cosmic rays. Data on 
50 events of very high energy, having an arrival direction which 
is ‘not obviously isotropic’, have however, been collected by 
the Sydney extensive air shower group'. The data were recorded 
over a period of 5 yr and, as the world total of such events is 
likely to increase only rather slowly, this seems to be the appro- 
priate time to combine these data with comparable data from the 


Table 1 Comparison of observed and predicted number of 
equl-event areas 


No. of Observed no. of Expected no. of 
events squares assuming squares assuming 
persquare Poissonian distribution Poissonian distribution 
0 285 284.8 
l 67 66.5 
2 7 7.76 
3 I 0.6 
4 0 0.04 


Northern Hemisphere arrays operated at Cornell (United 
States), Haverah Park (United Kingdom) and Volcano Ranch 
(United States), The arrival directions of 87 showers with pri- 
mary energies above a few times 10'° eV are discussed here. It is 
shown that there are no large deviations from an isotropic distri- 
bution and it is concluded that the ultra high energy cosmic rays 
are most likely to come predominantly from extra-Galactic 
sources, 
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Fig. 1 Aitoff equal area projection of 87 eventg!:*"* in celestial 
coordinates. Solid line, Galactic pldne; triangles, Sydney observa- 
tions (50); circles, Volcano Ranch observations (1); squares, 
Haverah Park observations (20); diamonds, Cornell observations 
(3). Events which may have primary energies above 102° eV have 
the appropriate symbol filled. Energy assignment has been made 
using a model of shower development described by Hillas (see 


ref. 4 for details). e 
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Fig. 2 Equi-event plot in celestial coordinates of 84 events?4°. 

Areas of 20° RA x (6;—85))° dec. are expected to contain equal 

numbers. The values of ŝi, 6; are listed at the right hand side 

of the figure and are deduced from the declination distribu- 

tionst*® by assuming that the exposure time of each experiment 

is proportional to the number of events recorded. The solid line 
represents the Galactic plane. 


The events discussed by the Sydney group are all of higher 
primary energy than a threshold level which is claimed to be 
1.5 x 10%eV. The assignment of energy is subject to the energy 
conversion which is used to relate the measured number of 
muons in their showers to primary energy. Less ambiguity in 
the threshold of selection of data from different arrays is there- 
fore introduced if only those events are included which were 
recorded at an intensity less than a certain value. Using the 
energy spectrum given by the Sydney group? their threshold 
intensity is found to be 4.62 x 107 m~? s~ sr~}_ Events from 
the Cornell, Haverah Park and Volcano Ranch data banks 
were therefore selected only if they were recorded at intensities 
less than this value. Of the additional 37 events recorded by the 
Northern Hemisphere experiments, three were recorded at 
Cornell (refs 3, 4 and J. Delvaille, personal communication), 20 
were recorded at Haverah Park®* and 14 at Volcano Ranch. 
The directional uncertainty varies slightly between experiments 
but is believed to be better than 3 x 10~° sr for all 87 events. 

All 87 events are shown on an Aitoff equal-area projection in 
celestial coordinates (Fig. 1). The Galactic plane is also 
indicated. It is clear that there is no evidence of significant 
chustering of events. In particular the region close to the 
Galactic plane shows no indication of the excess which could be 
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expected if the sources of high energy cosmic rays were objects 
(for example, pulsars) which are strongly clustered on the 
Galactic plane. Statistical support can be given to the conclusion 
that the data are consistent with isotropy if a rectangular right 
ascension (RA)-declination (dec.) plot is divided into areas 
within which the number of observed events would be expected 
to be equal. For the Volcano Ranch, Haverah Park and 
Sydney arrays sufficient data have been published?**? at low 
energies (107-10! eV), where the evidence of isotropy is very 
strong, to enable such an ‘equi-event’ diagram to be constructed, 
and Fig. 2 shows 360 ‘equi-event’ areas. The mean number of 
events expected per area is 0.234 and the number of areas with 
0, 1, 2, 3. . . events is compared with the predicted number in 
Table 1 assuming that the arrival directions are randomly 
distributed. The data areclearly consistent with isotropy of arrival 
directions and contain no evidence for the existence of point 
sources of ultra high energy cosmic rays. 

It seems likely that primary cosmic rays in the energy region 
in question (E,22 x 10 eV) have atomic masses 1 <4 <56, 
but no experimental data are available to enable this range to 
be narrowed. Karakula ef al.* have estimated the extended 
anisotropies which would be likely to arise in various Galactic 
magnetic field models if the cosmic ray sources were concen- 
trated in the disk or the spiral arms of the Galaxy, and if the 
primary particles were protons. Comparing the data of Fig. 1 
with the distributions predicted by these authors for protons 
of 10° eV and several reasonable Galactic field models, we 
conclude that if the primaries are protons then ultra high 
energy cosmic rays are predominantly of extra-Galactic origin. 

If the primary particles at these energies are iron nuclei then 
the situation is not quite so clear cut. For a model in which the 
Galactic field is longitudinal but has opposite orientations 
above and below the Galactic plane, a strong peak is predicted® 
in the direction of the inward spiral arm (RA =308°, dec. ==35°) 
for iron nuclei of momentum > 2.1018 eV/c, which is clearly in 
contradiction with the observations. For a simple longitudinal 
field, which seems to be favoured at the present time, some 
extra-Galactic contribution (probably greater than 30%) 
seems to be necessary. We therefore conclude that even if the 
primary particles are iron nuclei a significant fraction of them 
(> 30°) come from extra-Galactic sources. 

The data discussed in this paper include about 11 events 
with a primary energy of more than 10% eV (Fig. 1) but it is 


important to note that the absence of a cutoff in the energy. 


spectrum?! js not evidence in favour of a Galactic origin for 
them. Stecker!! has pointed out that the absence of a cutoff 
implies only that the lifetimes of these cosmic rays are signifi- 
cantly less than the age of the Universe, and consequently that 
sources in the local ‘super-cluster’ of galaxies must be con- 
sidered possible. 
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NO and O3 measurements in the 
lower stratosphere from a U-2 aircraft. 


AIRBORNE nitric oxide and ozone detectors have been carried on 


aircraft flights over the west coast of the United States to obtain 
in situ measurements of nitric oxide and ozone at altitudes up 
to 21 km. Results from two of these flights—-December 6, 1973 
from 1100 to 1430 local time (1900 — 2230 ur) and December 18. 
1973 from 1030 to 1430 local time (1830-2230 uT)—are presented 
here. The experimental platform was one of two U-2 aircraft 
used in the NASA Earth Resources Aircraft Project at Ames 
Research Center, Moffett Field, California. 

The nitric oxide instrument is a chemiluminescent detector 
based on the luminescent reaction of nitric oxide with excess 
ozone in a flow reactor. The photon count rate signals from the 
detector are proportional to the atmospheric nitric oxide mixing 
ratio and to the STP flow rate of the atmospheric sample. Two 
different calibrator flow rates from an on-board NO/N, 
calibrator bottle provide periodic instrument sensitivity checks. 
The zero level was periodically measured by mixing the excess 
ozone with the atmospheric sample upstream of the reactor. 
Signals were derived from two linear count rate circuits, each 
having a time constant of about 1 s. An automatic cycle timer 
sequenced the instrument through the measure, calibrate and 
zero level modes for 3 min each. The sensitivity of the nitric 
oxide detector for the measurements reported here is 0.025 parts 
in 10° by volume. 

Ozone concentration measurements are based on the absorp- 
tion of the Hg line at 2,537 A in the Hartley continuum. The 
unattenuated mercury lamp intensity at 2,537 A was determined 
by routing the atmospheric sample flow over a catalytic reactor 
which removes all the ozone present. The instrument operates 
on a cycle of 10 s, 5 s each for the absorbed and unattenuated 
beam measurements. Beer’s law was used to extract the ozone 
partial pressure using an optical absorption coefficient of 306 
cm! atm“; the absorption tube is 71 cm long. Pressure and 
temperature corrections were applied to the instrument readout 
to derive the partial pressure of atmospheric ozone. The instru- 
ment is a commercial unit that was especially adapted for use 
in the U-2 experimental system. The rated sensitivity is 3 nbar 
partial pressure of ozone. 

A ram inlet port of diameter 1 inch brings the air sample flow 
into the aircraft. Flexible stainless steel lines connect the 
instrumentation mainfold to the inlet and outlet ports. Typical 
in-flight air flow rates are 30 STP min" to the nitric oxide detec- 
tor and 0.3 STP min™ to the ozone detector. Motorised valves 
in the manifold isolate the instruments from the atmosphere and 
from each. other up to an altitude of 12 km, at which point the 
valves are opened by the pilot and measurements commence. 
Thereafter the system operation is fully automatic. The environ- 
ment in the @&xperimentale bay of the aircraft during data 
gathering was maintained at approximately 45° F and 4 pound 
inch“? absolute. The true air speed of the aircraft was 400 knots. 

Data from the two instruments were recorded on magnetic 
t@pe once a second and the outputs of various pressure, tem- 


e perature and flow sensors were recorded every 10 s. Graphic 
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displays of the raw nitric oxide and ozone data were prepared 
from the magnetic tape. Analysis of the data was carried out 
from the graphic outputs. 

Figure 1 shows results obtained on the flights of December 6 
and December 18, 1973 at longitude 122°W and latitudes as 
indicated. Conversion to nitric oxide number densities was done 
using the measured sample air flow, calibrator flow and cali- 
brator nitric oxide mixing ratio. The nitric oxide number densi- 
ties given in the legend to Fig. 1 are average values observed 
at 21 km over the entire flight segment at that altitude for each 
date. The average nitric oxide count rates are typically 600, 750, 
and 1,200 counts s™ over the 3-min zero, measure and calibrate 
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Fig. 1 Measurements in situ of nitric oxide and ozone from a 

U-2 aircraft at 18 and 21 km altitude at longitude 122° W. a, 

December 18, 1973, [NO] ae = 1.3 + 0.6 x 10° cm”; b, 

December 6, 197 3, [NO] ave = 2.2 + 1.1 x 1078 cm". Lower 

part ofeach curve (left) corresponds to 18 km altitude, upper part 
(right) to 21 km. 


cycles, respectively. The statistical errors, due to the photon 
count rates, in the nitric oxide data points of Fig. 1 amount to 
only about + 6%. The larger part of the error limits given for 
the nitric oxide number densities are from estimated uncertain- 
ties of + 5% in the sample and + 20 Yo in the calibrator flow 
rates and + 20% in the calibrator mixing ratio. 

The measured loss of nitric oxide in the inlet fiow lines is less 
than 5%; no correction has been made for this. We also 
measured the loss of ozone in the inlet lines in the laboratory as 
a function of time from the start of flow of an ozone sample 
through the lines. The loss is 33% of the input ozone at 30 min 
decreasing linearly with time to 16% at 210 min. After the 
appropriate correction for the measured ozone line loss, the 
estimated uncertainty in the ozone data is + 20%, of which + 
159% is due to systematic errors. 

Data taken at 18 km for nitric oxide are not shown. A system 
conditioning, indicated by changing calibrator levels, occurred 
during the first hour of flight. After 1 h the two calibrator levels 
and their ratio stabilised at values close to those observed in the 
laboratory before and after the flight. ie are in 
progress to correct this difficulty. . 

Our measurements of nitric oxide soncentcat ane are in 
agreement with another chemiluminescent measurement made 
in the same altitude range’. But our measured concentrations 
are lower, by a factor between three and ten, than recently 
reported optical measurements? 3, 
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Temperature, fossil CO, 
accumulation and carbonate ion 
concentration of the oceanic mixed layer 


SEVERAL authors! have recently suggested that there will be 
a dramatic accumulation of fossil CO, in the oceanic mixed 
layer by the end of this century. If these calculations are 
correct the predicted increases in the atmospheric partial 
pressure of carbon dioxide (pea) and in the total concentration 
of carbon dioxide species in the mixed layer (Crt) do not imply 
catastrophic decreases in the carbonate ion concentration?:® 
at 25°C (ref. 5). Two important points remain unresolved, 
however, and they require further clarification. 

The first point concerns the relative merits of the various 
mixing models. The earlier calculations® raise doubts about the 
validity of the more pessimistic mixing models! because they 
indicate that a system reasonably close to equilibrium can only 
accommodate the predicted Ct and Pea values if the carbonate 
alkalinity (CA = (HCO,~)+2 (CO,?7)) is allowed to increase. 
This implies either that the reaction 

CO. H,O+CO,?- + 2HCO,7— (1) 
is not the only process involved in the assimilation of fossil 
CO, in the mixed layer, or that the mixed layer itself is grossly 
out of equilibrium with the atmosphere. Neither conclusion 
is consistent with the assumptions of the mixing models*-3. 

A more realistic approach is to explicitly confine the assimila- 
tion process to reaction (1) so that CA remains constant and to 
assume a reasonable measure of equilibrium between the 
atmosphere and the mixed layer. The concentrations of the 
carbonate and bicarbonate ions in the mixed layer can then be 
calculated from the equations derived by Park®: 


cy = (CO..H2O) = apes (2) 

Cg = (HCO) = (X—K,’c,)/4 (3) 

Cs; == (CO, = (4CA+K,’ cı— X)/8 (4) 
where X = (8CA+K,’ c) Kx c)? (5) 


and K,’ is the equilibrium constant for reaction (1). The values 
of Pea predicted by various workers are in good agreement with 
one another? as they must take due account of the increases 
observed to the present day. Calculations based on these 
equations (Skirrow and Whitfield, in preparation) confirm that 
those madels!~* which suggest that 25% of the injected fossil 


e CO, will reside in the mixed layer, represent systems grossly out 


of equilibirum with the atmosphere. The model of Broecker 


if 
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Fig. 14, Variation of carbonate ion concentrations with 
temperature in 1974 when pu = 330 x 107* atm. Solid lines, 
seawater values calculated from equations (2) and (4) with the 
carbonate alkalinities (meq 1~*): a, 3.0; b, 2.5; c, 2.0; d, 1.0 
Shaded area, typical oceanic range. Dashed lines, the carbonate 
ion concentrations in equilibrium with aragonite (A) and calcite 
(C) calculated from equations (8) and (7) respectively. A, 
Carbonate ion concentration in equilibrium with aragonite’ 
(upper point) and with calcite’ (lower point). B, Variation of 
carbonate ion concentrations with temperature in 2050 when 
Pea = 996 x 1078 atm (ref. 3) with carbonate alkalinities (CA 
meq I*!;a, 3.0; b, 2.5; c, 2.0; d, 1.5, e, 1.0. Te is the critical 
temperature at which the carbonate ion concentration of the sea 
water equals that in equilibrium with aragonite, Te (A); or 
calcite, Te (C); at the saturation point. The values indicated are 
for CA = 2.25 meq 1-7}, the lowest value normally encountered 
in the oceans. Other features are as defined for Fig. 1A. 


et al”, on the other hand, gives an accurate picture of the 
surface waters in equilibrium with the atmosphere, and predicts 
that only about 5% of the accumulating fossil CO, remains in 
the mixed layer. Since this layer, by definition, equilibrates 
fairly rapidly with the atmosphere the model defined by 
equations (2) to (5) should give the more realistic picture of the 
effect of increases in atmospheric CO, on the chemistry of the 
mixed layer. This model will be used to discuss the second 
point: the influence of temperature and carbonate alkalinity 
on the concentration of carbonate ions in ocean surface waters. 

So far, calculations concerned with the dissolution of calcium 
carbonate have either made no specific mention of the ambient 
temperature*~* or they have been confined to 25° C, a tempera- 
ture typical of tropical surface waters®?. This bias has arisen 
primarily because higher latitude waters only represent a 
relatively small proportion of the Earth’s ocean surface. 
In addition the prospect of calcium carbonate dissolution 
naturally focuses immediate attention on the fate of the tropical 
coral reefs. The solubilities of both carbon dioxide and of 
calcium carbonate in seawater increase, however, as the tem- 
perature falls, so that temperate waters will be more sensitive 
to increases in the value of Pea: 

Since the salinity effect is’ small over the’ range typically 
encountered in the open oceans (30-35°%,) the values of a 
given by Murray and Riley® at a chlorinity of 19%, (approxi- 
mately 35°, salinity) can be used to calculate c, from equation 
(2) for the appropriate temperature and p.a. This value 
can then be used in equation (4), together with the appropriate 
value of K,’ calculated from the data of Lyman’, to give the 
carbonate ion concentration at any particular temperature and 
carbonate alkalinity. In previous calculations® (Skirrow and 
Whitfield, in preparation) the carbonate alkalinity has ranged 
from 2.2-2.9 meq 17 although the span 2.2-2.5 meq 1 is 
more typical of the open ocean?®. 

The carbonate ion concentration has been calculated from 


„equations (2) and (4) as a function of temperature and carbonate 


alkalinity for the present day (Fig. 14) and for the year 2050 
(Fig. 18) when, according to’ Zimen and°Altenhejn, pea will 
attain its maximum value. 


The concentration of carbonate ions in equilibrium wiih 
fa) 
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calcite or aragonite at the saturation point can be calculated 
from the relationship 
(CO,?7) = Kp /(Ca?*) (6) 
where K.p is the apparent solubility product of the relevant 
carbonate mineral in sea water. According to Ingle eż al." 
Ks, (Calcite) = (1.390—3.096 x 10-3 T°C) x § x 1078(7) 
As the solubility product of aragonite is pure water is 
approximately 0.14 logarithmic units higher than that of 
calcite’? the corresponding equation for aragonite would be 
K.p’ (Aragonite) 
= (1.919—3.096 x 10S T° C) x S x 1078 (8) 
Carbonate ion concentrations at saturation, derived from these 
equations assuming (Ca?+) = 10 mmol 17}, are shown in 
Fig. 1A and B. Seawaters with carbonate ion concentrations 
lying above these lines will remain supersaturated with respect 
to the appropriate mineral, whereas those lying below the line 
will approach saturation. Although the calculations confirm 
earlier statements® that tropical waters will remaif supersatur- 
ated throughout, they do indicate that by the year 2050 temper- 
ate waters with a mean annual temperature of 10° C (in general? 
those north of latitude 50° N and south of latitude 50°S) will 
have reached the saturation point for aragonite (Fig. 1.B). The 
concentration of carbonate ions will not fall below this level, 
because the dissolution of carbonate minerals will absorb any 
additional carbon dioxide’: 
CaCO ,(S)-+- CO, H20 <> Ca?++ 2HCO,~ (9) 
This reaction increases both the carbonate alkalinity and the 
calcium ion concentration and so the system is effectively 
buffered. These parameters would also increase as the result 
of enhanced weathering of terrestrial rocks which should 
become noticeable as the value of pea rises in the atmosphere. 
Using the data of Zimen and Altenhein’ the calculations used 
in constructing Fig. 18 can be repeated and the critical satura- 
tion temperature (7,, Fig. 1B) can be calculated at the end of 
each decade for seawaters with a particular carbonate alkalinity. 
All waters with a mean annual temperature less than T, are 
likely to approach the saturation level for the mineral specified. 
The resulting curves (Fig. 2) indicate that, for CA = 2.25 meq 
1-4, waters with mean annual temperatures greater than 5° C 
are likely to remain supersaturated with respect to calcite and 
those with temperatures greater than 12° C will remain super- 
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Fig. 2 The variation of the critical saturation temperature for 
. aragonite, Te (A); and calcite, Te (C); over the next one and a 
* half centuries calculated from predicted variations in pea 
(ref. 3) for seawater with a carbonate alkalinity of 2.25 meq 17. 
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saturated with respect to aragonite. The effect is transient, 
with the time at saturation point increasing as the temperature 
falls. The detailed picture is of course critically dependent on 
the solubilities of the various carbonate minerals. Higher* 
and lower’ values than those given by equations (7) and (8) 
have been reported for the solubility of calcite and aragonite. 
A full analysis will become possible only when we have a 
clearer idea of the values of these parameters at low tempera- 
tures. 
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Hot spot and trench volcano separations 


WE suggest that the distribution of separations between trench 
volcanoes located along subduction zones reflects the depth 
of partial melting, and that the separation distribution for hot 
spot volcanoes near spreading centres provides a measure of the 
depth of mantle convection cells. 

It has been argued that frictional heating along slip zones 
between subducting and overriding plates provides the heat 
for partial melting’”. At hot spots the suggested sources of 
heat are more controversial, ranging from shear heating in the 
asthenosphere*® to more vague sources associated with deep 
thermal plumes originating at the core~mantle interfacet. The 
depth of partial melting under volcanoes along slip zones is 
100 -+ 20 km, estimated’ from considerations of the distance 
of volcano chains behind trenches and the seismically deter- 
mined dip angles of the subducting plate. 

There is a break in the distribution of separations between 
trench volcanoes at separations of ~ 100 km, and we suggest 
that this indicates the depth of partial melting beneath these 
volcanoes. For each volcano along the various trenches we have 
calculated the separation, S, from its nearest neighbours®~, 
The cumulative distribution of the number of volcanoes with 
nearest neighbours within a distance § is plotted against 
separation (Fig. 1) for volcanoes along major trenches and for 
the sum of these volcanoes. These distributions all rise rather 
uniformly up to separations of about 100 km amd then flatten, 
indicating that there are relatively few trench voleanoes with 
nearest neighbours more than 100 km away. 

Assuming that the region of partial melting is a belt along the 
slip zone at a depth of ~ 100 km and that all along this belt 


the magma migrates upwards along random paths to the 
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Fig. 1 The cumulative distribution of separation distances for 
trench and hot spot volcanoes, that is, the number of volcanoes 
separated from their nearest neighbours by less than S. Solid 
diamonds and solid inverted triangles are the sums of all trench 
distributions (from the Internationa] Association of Volcanology 
and ref. 10, respectively); solid circles, Indonesia’; solid upright 
triangles, Kamchatka-Kuriles**®; open diamonds, central 
America®; open semicircles, Aleutians; solid circles, hot 
spots, 


surface to form volcanoes, it is reasonable to suggest that the 
separation between the volcanoes would not generally exceed 
the depth of the magma source. 

Considering hot spot volcanoes located essentially along the 
oceanic ridge system*!!, we have found that the distribution of 
separations between each hot spot volcano and its nearest 
neighbour shows a similar break or flattening (Fig. 1), but at a 
separation of ~ 3,000 km, indicating that most hot spots have 
nearest neighbours within 3,000 km. This distance is the same 
as the depth to the core-mantle boundary, where deep thermal 
plumes may originate‘. 

We propose that the lateral dimensions of mantle convection 
cells are also represented by the hot spot separations, rather 
than by ridge—trench distances***+*, and that the break in the 
distribution of hot spot separations at 3,000 km is evidence for 
both whole mantle convection and a deep thermal plume origin 
of hot spots. We do not suggest that the magma extruded from 
hot spot volcanoes comes from the core-mantle boundary, 
The magma source is at the top of the convective plume just 
under the oceanic plate, and is consistent with a break at < 100 
km in the distribution of separation distances’® between the 
volcanoes which make up the Hawaiian chain of islands and 
guyots. 
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| E ee have cbisuiened the genesis of various ores 
in terms of plate tectonic theory? "8. Most have discussed various 
possibilities for the origin of the ore solutions of massive 
sulphides and, with the exception of Guild®, have stated or 
implied a fairly close genetic relationship between ore de- 
position and the processes of seafioor spreading and sub- 
duction, The nature of this relationship is, however, by no 
means clear and I suggest here that it may be very tenuous. 

The deposits included in the term ‘massive sulphide’ are 
stratiform and wholly or largely composed of sulphides of 
iron with varying proportions of the sulphides of copper, lead 
and zinc, and minor gold and silver. Stratiform, massive oxide 
deposits (largely magnetite and/or haematite) are related ore 
types. The term includes ‘volcanogenic massive sulphides”, 
‘but as used here it also. covers very similar ores in sedimentary 
or sedimentary/volcanic successions (for example, Sullivan, 
Rammelsberg, Cobar, and Mount Isa). 

Many geologists have discussed the possibility that massive 
sulphide deposits may be derived from heated seawater, or 
from meteoric water that has become an ore solution because 
of a rot water-rock interaction below the surface®-!!. The 

requirements of this model are: a thermal anomaly 
| ' sufficient time to precipitate an ore deposit; 

a system ‘allowing long term downward penetration of water 
(probably to depths of several kilometres) and then upwards 
to the surface through major fractures; the presence of a suitable 
depositional site, which is commonly on the sea fioor™?!?, 
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Fig. 3 Variation in the tonnages per 100 Myr of 
zinc in massive sulphides through the genie E 
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horizons’** which may be unconformities (Mount Lyell), sedi- 
ment lenses within volcanics (Rosebery, Captains Flat), tops 
of volcanic sequences (Rio Tinto, Cyprus), or at changes in 
the composition of volcanics (Noranda .area) or the nature 
of the volcanism (dacite domes of northern Honshu). Thus, 
the timing of ore deposition does not, apparently, relate to 
any Clearly recognisable, unique event but to periods of hydro- 
thermal activity brought about by various agencies such as 
faulting, pauses in volcanism, and so on. 

Phanerozoic massive sulphides occur in a wide variety of 
tectonic environments™, particularly in environments asso- 
ciated with orogenic belts (Fig. 1). Most occur in calc-alkaline 
island arcs and Andean-type volcanic belts (Mount Morgan, 
Rosebery, Mount Lyell, Rio Tinto, Hopa-Murgul, Shakanai), 
but some occur in the flysch and shelf sequences of the con- 
tinental margin (Cobar, Avoca’), or in oceanic crust in ridge 
and ocean floor environments (Betts Cove, Skouriotissa, 
Besshi?). fe the Palaeozoic of south-eastern Australia most 
massive sulphides occur in Andean-type volcanics, and formed 
fairly late in the development of the volcanic belts during 
the ‘paratectonic’ phases of the main tectonic cycles'*, when 
the volcanics were undergoing faulting, folding and granitic 
intrusion. Massive sulphides commonly occur in groups 
aligned along major features that provide deep seated plumb- 
ing systems. 

Sulphide-sulphur in massive sulphides is enriched in “S 
relative to the meteoritic standard and generally shows only 
small variations within deposits. The values for some deposits 
may reflect mixing and re-equilibration between sulphur in 
magmatic water rising from depth and sulphate in seawater! 8, 
The same results can be achieved by mixing sulphur derived 
from the leaching of rocks with sulphate-bearing seawater 
in geothermal conditions. 

Unlike several ore-types associated, and apparently genetic- 
ally linked, with plutonic rocks (for example, tin-wolfram 
veins, nickel sulphide deposits and porphyry coppers), massive 
sulphides are well represented throughout the geological 
column (Fig. 2). Figure 2 is not very reliable because there 
are little adequate data from many areas, particularly from the 
Cambrian. The main features include the high number of 
deposits in the Carboniferous and Devonian, and the low 
number in the Permo-Triassic and the Archaean. The Carbon- 
iferous high reflects the large number of deposits in the Iberian 
pyrite belt, and the low value for the Precambrian (and the 
Cambrian?) may well be a function of the low preservation 
rate of these rocks'*. The plot of tonnages (production plus 
reserves) of zinc and copper every 100 Myr (Fig. 3), though 
based on limited data, seems to confirm the Archaean and 
Permo-Triassic lows, and indicates the existence of several 
very large Proterozoic deposits (Sullivan, McArthur River, 
Mount Isa). 

The principal features of massive sulphides do not conflict 
with, and are to some extent predicted by, the geothermal 
model outlined. In particular the model accounts for the lack 
of related plutons, the poor correlation between host rock 
and ore type, and the wide range of tectonic environments in 
which the deposits occur. The grouping along faults and the 
S-isotope data and overall chemical composition, are also 
compatible with the model. 

If massive sulphides are essentially of superficial origin, 
with the entire ore forming process extending no more than 
a few km below the surface, it is difficult to see why there 
should be any close relationship with plate tectonic processes 
and related magmatism. The tendency for ore to be concen- 
trated in marine volcanic zones in orogenic belts may simply 
be because such areas are the most favourable for developing 
convective hydrothermal systems, and proviging plumbing 
systems and depositional sites. The Permo-Triassi¢ low in the 
distribution graphs may reflect the relatively low output of 
volcanic rocks at this time?°, and the large size of the few 
Proterozoic deposits may be a function of relatively stable 


conditions in large basins. Though the model seems to account : 


@ 
e 
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for most of the data it does not necessarily explain the genesis 
of every deposit. The model needs to be tested on individual 
cases, possibly using isotope tracers?!, 

M. SOLOMON 
Department of Geology, 
University of Tasmania, 
Hobart, Australia 7005 
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Late glacial site in the central 
Grampian Highlands 


THE last British ice sheet probably reached its greatest ex- 
tent 17,000-18,000 radiocarbon yr ago, when it covered 
much of the British Isles. We suggest here that this ice 
mass had disappeared 5,000 yr later. Significant new evi- 
dence comes from Loch Etteridge in the heart of the 
Grampian Highlands of Scotland (Fig. 1). 

Loch Etteridge (grid ref. NN688929) lies in a deep kettle 
hole bordered by eskers and kame terraces at an altitude of 
300 m, in upper Strathspey. The deepest accessible part of 
the kettle infill was sampled using a piston corer with a 
chamber 50 cm long and 5 cm in diameter. Seven metres of 
peat and gyttja overlie a typical late glacial sequence com- 
prising organic deposits between minerogenic deposits (Fig. 
2). Pollen analyses of the late glacial and basal postglacial 
deposits were carried out at 2.5-cm intervals. Samples for 
radiocarbon dating were obtained by combining material 
from four bores put down at the corners of a 30-cm square. 
This was possible because of the well defined stratigraphy, 
and was facilitated because the full sequence (Fig. 2) was 
obtained in a single chamber in each bore. 

A date of 9,405+260 yr Be (SRR-301) was obtained for 
the basal 4 cm of the postglacial organic deposits. The 
pollen spectrum is dominated by Artemisia, which exceeds 
30% of the total land pollen, whereas values for woody taxa 
are less than 10%. Immediately above the dated sample, 
open habitat taxa decline markedly and pollen of woody 
plants ingreases. The radiocarbon date is much later than 

etha date of approximately 10,300 yr Be which is conven- 
tionally assigned to the end of the Loch Lomond Stadial. In 
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Skye, < however, the cessation of minerogenic deposition 
varie -onsiderably i in different lochs, and the youngest date 
“relating to this event is 9,420+150 yr pp (ref. 1). Protracted 
_minerogenic deposition at Loch Etteridge may be related to 
- its altitude and to its location 8 km from the margin of a 
plateau ice cap which covered nearly 300 km’, and which 
is considered to have developed during the Loch Lomond 
Readvance’. 

At the top of the Eats Glacial interstadial deposits the 
pollen spectrum is characterised by woody plants, especially 
Empetrum and Betula c.f. nana, but Artemisia, Saxifra- 
gaceae and Rumex are also significant. In the overlying 
1 of woody plants declines and that of open 
habit t taxa increases. The top 1.5 cm of the interstadial 
deposits. gave a date of 10,764+120 yr BP (SRR-302). This 
accords with the value of 10,800 yr BP generally accepted 
for the beginning of the Loch Lomond Stadial, indicated, 
for example, by dates from Keith in Banffshire and from 
Scaleby Moss in northern England’. It has been inferred 
that at about 10,800 yr BP minerogenic deposition (implying 
solifluction on surrounding slopes) began at sites in Skye’. 
It therefore seems that at this time temperatures fell, 
probably rapidly, over a large area. It does not follow, 
however, that the glaciers involved in the Loch Lomond 
Readvance began to build up at this time. 

Studies of Coleoptera at sites in England, Wales and the 
Isle of Man, suggest that a fall of temperature began before 
12,000 yr BP and continued until the end of the Late Glacial 
interstadial‘, by which time mean July temperatures were 
probably 4°-5° C below present values. The interstadial 
climate may have been moderately continental, with winter 
temperatures depressed even more below present values‘. 
For glaciers to develop on Ben Nevis a fall of more than 
2° C in the present mean summer temperature is required’. 
Combining these figures it seems that the Loch Lomond 
Readvance began before, perhaps well before 10,800 yr BP. 
Tt can also be inferred, in view ofe the varied relief of 
Scotland and the marked gradients of former snow lines, 


that. ; giciens began to develop at different times in different 


















At the base of the more organic interstadial d 
pollen spectrum is dominated by Empetrum to 
but Betula c.f. nana and Juniperus are also sien 
sample 1.5 cm thick yielded a radiocarbon date of l 
165 yr BP (SRR-303). a 

The pollen spectrum at the base of the ss ae deposits: 
is characterised by high values o : 
total land pollen) with Salix: 
Salix c.f. herbacea) and Sax 
Values for woody plants increase. 
upper part of the dated horizon, 

The basal organic deposits gave 
13,151 +390 yr Bp (SRR-304). The r 
error is the hard water effect, whi 
that are almost 3,000 yr too g 
rarely as large as this®’, Li 
the area draining to Loch | 
erratics of limestone have n 
found in the lake deposits. “ 
cluded, however, that inert ca 
metamorphic rocks of the surrou 
porated in the dated bulk sample. O 
date of 10,764+120 yr BP from simil 
richer) material higher in the sequetic: 
tations, and there can be no hard wate 

Because a thickness of 3-4 cm of ti 
for dating, the date obtained, if valid, 
age of the very bottom of the organic 
larly significant that the site is a deep” 
dead ice may have remained for hundr 
sands) of years after deglaciation of the surround 
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tion. 

The Loch Etteridge date is not unique in Scotland. W 
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696 cm 





Clay withi 
moss stems 


a 


ee F10,764 + 120 be 


Nat 


X 


KX 


Gyttja = 720 


XS 


ve 


SA 


© 


BS SZ 
| PS? 
td 
g 
~fe 
T 
wee 
the 
“3 


13,15) + 390 BP 
= 


135 


Fig. 2 Stratigraphy and radiocarbon dates at 
Loch Etteridge. 





824 y 


been dated at 12,940 +250 yr Bp (ref. 9). Lockerbie is only 60 
km from the major centre of icesheet accumulation in the 
Southern Uplands (Loch Doon Basin). In the heart of the 
mountains of NW Scotland a date of 12,810+155 yr Be has 
been obtained for deposits from Loch Droma™. Near 
Callander the basal organic deposits in a kettle hole have 
provided a date of 12,750+120 yr Bp. This site is only 45 
km from the centre of the area of greatest ice sheet 
accumulation in the British Isles (around the Rannoch 
basin). The Loch Etteridge basal date adds significantly to 
this evidence, because the site is in the middle of the Gram- 
pian Highlands. 

Together, the four dates (all of which, if valid, are mini- 
‘mum dates of deglaciation) show that by about 13,000 yr 
Bp the last ice sheet had disappeared from most of Scotland. 
At about this time two significant, probably interrelated, 
events are, reported to have occurred. Coleoptera and 
radiocarben dates from a site in North Wales, indicate 
that at about 13,000 yr Bre temperatures rose very rapidly, 
with summer temperatures becoming at least as warm as 
those of the present day". Seafloor sediments indicate that 
deglacial warming of the North Atlantic Ocean adjacent to 
the British Isles occurred at about 13,500 yr BP, polar waters 
having retreated far to the west by 13,000 yr Bp (ref. 12). 
In view of these profound changes we find it difficult to 
believe that any remnants of the British ice sheets which 
may have remained at about 13,000 yr Br could have sur- 
vived for much longer. Total deglaciation by 12,500 yr BP 
seems a conservative suggestion. _ 

The last British ice sheet, which probably reached its 
greatest extent at about 17,000--18,000 yr Bp, had therefore 
wasted away by 12,500 yr BP at the latest. Subsequently, 
glaciers built up again in many mountain areas, and were 
especially extensive in the Scottish Highlands? where they 
began to accumulate before the climatic deterioration which 
occurred at about 10,800 yr pe. The glaciers probably 
reached their maximum extent about 10,300 yr Bp, but 
it is not yet known how long they took to decay. The fact 
that minerogenic deposition, which implies solifluction and 
sparse vegetation, continued locally till approximately 
9,400 yr BP may be significant in this context. 

This research was financed by the Natural Environment 
Research Council. We thank Dr D. D. Harkness for the 
radiocarbon dating. 
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Late Pleistocene American obsidian tools 


WE have dated some of the oldest examples of obsidian use 
yet known in America. The obsidian originates from a new 
location, the Mostin site, which contains about a dozen burials 
and is located near the Borax Lake site in northern California. 
There it is thought that man lived as long ago as 10,000 yr and 
perhaps even at the end of the Pleistocene’. 

During test excavations in the summer of 1973 human bones 
and obsidian artefacts?? were found at the new Mostin site 
(SDA-66), located 16 km north-west of the Borax Lake site. 
The Mostin site (39°N; 122°50’W) is situated along Kelsey 
Creek about 2.5 km south of Clear Lake and 5 km from the 
nearest obsidian source south at Mt Konocti®™® (Fig. 1). The 
Mostin site is now being exposed by the erosive action of 
Kelsey Creek which is cutting into lake sediments 6 m high 
deposited during an earlier higher level stage of Clear Lake’. 

The samples sent to us for dating and for tracing their origin 
included the left fibula, left tibia and the diaphysis of the right 
femur of burial 4 and seven associated obsidian artefacts. 
The bone samples were combined and dated by the radio- 
carbon content of their collagen fraction according to estab- 
lished procedures® and yielded a date (UCLA-1795A) of 10,260 
+ 340 yr (ref. 9). The statistical error encompasses any devia- 
tion due to correction for isotopic fractionation of }8C/!®C in 
case the resident human population had been heavily dependent 
on freshwater fish. 
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Location of obsidian sources and archaeological sites, 
near Clear Lake, California. 


Fig. 1 


The obsidian artefacts were classified into a functional 
typology based on their morphology and microscopic wear 
patterns (Table 1). Artefacts M3 (burin) and M6 (scraper) were 
used as tools, whereas M1 was a biface blank and M4, 5 and 
7 primary decortication flakes removed from nodular cobbles 
of obsidian. Artefacts M1 and 6 showed fractures indicative of 
percussion flaking with a soft instrument from a prepared core. 
M2 has the appearance of a blade but its precise classification 
is uncertain. 

All obsidian pieces were subjected to hydration rim thick- 
ness measurements and source characterisation by neutron 
activation and X-ray fluorescence analysis. From the differ- 
ences in hydration values it became apparent that probably two 
types of obsidian had been utilised. Artefacts M1, 3 and 6 show 
a clustering of hydration rind values between 6.2 and 6.8 um, 
whereas M4, 5 and7 dre all 4.6 um. The appearance of artefacts 
1, 3 and $, and 4, 5 and 7 are the same respectively within 


“each group, whereas both groups are distinctly different in 
è visual appearance. 
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Table 1 Functional typology of obsidian artefacts 





| UCLA : Hydration 





Arte LA. Origin 

"sample obsidian. measurement by X-ray 
no. hydration no. (um) fluorescence* 
MI 3754 6.4 Borax Lake 
M2 3755 5.7/12.6 Borax Lake 
M3 3756 6.2 Borax Lake 
M4 3757 4.6 Mt Konocti 
MS 3758 4.6 Mt Konocti 
M6 3759 6.8 Borax Lake 
“> MT 3760 4.6 Mt Konocti 


* Source discrimination based on results of a ternary diagram of the intensity of the elements zi rconium, rubidium and strontium. 


Neutron activation analysis was too indistinct in this case 
to separate two suspected sources of obsidian, Mt Konocti and 
Borax Lake, but additional X-ray fluorescence measurements 
revealed by comparison with known source materials that the 
slower hydrating obsidian originated from Mt Konocti and 
the faster from the Borax Lake area. 
n° parison of hydration and source data with a hydration 
or Borax Lake over a time span of the past 4,000 yr 
| ‘that the rate over the entire 10,000 yr available now 
is at least partially exponential in nature (unpublished work of 
F. J. Findlow, S. P. De Atley, and J. E. Ericson). Moreover, 
this work shows that some two dozen obsidian artefacts found 
-at Borax Lake may be much older than had been anticipated. 

The Borax Lake assemblage also contains obsidian originat- 
ing from Mt Konocti about 5 km away. The reason for this 
exploitation may lie in the fact that obsidians from the two 
sources differ in hardness: Mt Konocti material has a hardness 
of 500 tot 600 0 ke mm whereas that from Borax Lake is 734 + 

12 kgm 












“Suggests that obsidian was used in Northern 
at least as early as the interface of the Late Pleisto- 
1¢/ F olocene and the extent of early settlement may indeed 
ve been much more extensive than hitherto thought. 

We thank R. King, California State College, Sonoma for 
sample materials, J. T. Wasson for permission to use the 
neutron activation equipment at University of California, 
Los Angeles, J. L. Bischoff for X-ray fluorescence instruments 
at USC, and V. Bennett for hydration rim and C. A. Singer 
for functional analysis, at UCLA. This study was supported 
by the National Science Foundation. | 
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Particle containing uncleaved r 3 najo 





of phage T4 


Previous results’ suggested that t-particles produced by a 
phage T4 temperature-sensitive (ts) mutant in gene 24 can be 
matured into T4 phage heads after a shift to a permissive 
temperature (temperature shift-down)}. The experimental, evi- 
dence which supports this hypothesis can be su 
follows: (1) the number of t-particles per bacterium 
after temperature shift-down of a 24~ infected culture d 
concomitantly with an increase in the number of nor 
phage particles; (2) preshift (under nonpermissive con 
24~ radioactively pulse-labelled cultures produce radi ly 
labelled normal phage after temperature shift-down: G) after 
temperature shift-down, preshift radioactively labelled Fee 

head protein P23 (molecular weight 59,000) is cleaved into P23" = 
(molecular weight 47,500) both molecular weights deters ed: by 
A. Tsugita from the amino acid composition, (personal com. 
munication)*"§, 

But we also know that t-particles produced in 217 
bacteria cannot be further matured after temps 
down, although they are morphologically identici 
produced in 24- infected cultures!*. 

Here we shall demonstrate that the uncleaved 
nised in the form of a precursor particle, in» 
conversion of P23 to P23* is conservative. Our: e 
experiments will be published elsewhere, With 
“observations, these new results provide very str 
that 24~—t-particles are maturable into phage he 
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Our previous results? did not rule out the possibility that the 
phage capsids observed after temperature shift-down are built 
from subunits drawn from a pool containing subunits built 
before as well as after shift. (In the following we shall distin- 
guish them as ‘preshift subunits’ and ‘postshift subunits.) An 
important part of preshift subunits could stem from the break- 
down of t-particles (see discussion in ref. 1). If capsids of phages 
made after shift were composed of a mixture of preshift and 
postshift subunits, then a dispersive mode of transfer would 
have taken place. The transfer would be conservative when the 
preshift subunits already formed a particle which, after shift, 
was transformed as a whole into a capsid. We shall demon- 
strate (Figs 1 and 2) a true conservative transformation of a 
P23-capsid into a P23*-capsid, by density labelling the pre- 
shift subunits as ‘heavy’ and the postshift subunits as ‘light’. By 
supplementary radioisotope pulse labelling the fate of both 
types of subunits can be followed independently. 

We used® T4.10(amB255).24(tsL90). The tail-less heads of 
mutants in gene 10 have the advantage of being easily emptied 
by DNase treatment’. This allowed us to analyse the density 
of emptied heads without having to take into account the full 
DNA complement of a phage head and the density variability 
due to mixing of preshift and postshift phage tails. After a 
partial purification by sucrose gradient velocity sedimentation, 
the emptied heads were looked at in the electron microscope, 
their protein composition was analysed by SDS-polyacrylamide 
gel electrophoresis?** and their density was measured by 
CsCl gradient centrifugation. 


14C radioactivity (c.p.m. x 1073) 





Fraction No. 


Fig. 1 Density distribution of phage heads treated with 
DNase obtained in heavy medium alone, after transfer from 
heavy into light medium and in light medium alone. DNase 
treated phage heads were purified by a sucrose gradient of which 
the 300S fractions containing emptied head were collected. 
These fractions were then analysed by density equilibrium 
centrifugation. a, Emptied heads obtained from 107 infected 
cells grown in normal light medium; 6, emptied heads obtained 
from 107.247 infected cells at 30 min after the culture was 
shifted from completely heavy medium at 40.5° @ into normal 
light medium at 30° C (permissive temperature); #, emptied 
heads obtained from 10~ infected cells grown in completely 
heavy medium. The explanation for the existence of two peaks 
is discussed in Fig. 2. Peaks A and B refer to partially emptied , 
and completely emptied heads respectively. The subscripts L and * 
H refer to light and heavy medium. 
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Fig. 2 DNA content of 107 DNase-treated phage heads 
compared with the DNA content of wild-type phage. Cultures 
of Escherichia coli B® and Escherichia coli CR63 were infected 
with T4.10 (am B255). At 16 min after infection 16 Cimi 
of P and 200 pCiml~ of *H-amino acids were added. At 
90 min the bacteria were lysed with chloroform in the presence 


were identical. 


The density profile for emptied heads obtained with 107 
infected cells in light medium is shown in Fig. la, and that of 107 
emptied heads in heavy medium in Fig. Ic. In both cases there 
are two peaks A and B which differ in density by 0.021 g ml ~+. 
The two peaks occur normally and are due to two types of 
emptied heads: those which are completely emptied (peak 
B,; density = 1.304 g mi ~>) and those still containing about 20% 
of DNA (peak A; density = 1.325 g mi~). The incomplete 
removal of DNA from all of the DNase-treated 10~ heads has 
been observed by Hosoda and collaborators (personal com- 
munication). We have repeated an experiment to demonstrate 
the presence and absence respectively of DNA in the denser and 
less dense types of emptied heads. The results of this experiment 
are shown in Fig. 2. Clearly, peak A contains DNA while peak 
B does not. Although both types of emptied head were nearly 
always found after DNase treatment, their relative amounts 
varied with every experiment. 

From Fig. 1 we deduce that the two emptied head peaks A 
and B (double peak) are shifted by 0.037 g mi~ when grown in 
heavy medium (compare peaks A, and Ay). The density profile 
of Fig. Ib was obtained from emptied heads which arose after 
temperature shift-down and simultaneous transfer to light 
medium with the double mutant 24(tsL90).10(amB255). This 
double peak is 0.031 g mi denser than the light one. This 
result is incompatible with a dispersive mode of transfer and 
suggests instead that the transfer is conservative. 

It is, however, possible that the infected bacteria do not 
immediately synthesise structural components after shift into 
light medium. This would mean that preshift built subunits 
cannot mix with postshift newly synthesised light subunits, To 
test this possibility we labelled preshift built material with 
C-labelled amino acids and postshift built material with 
3H-labelled amino acids. These results shown in Fig. 3 demon- 
strate that light subunits are synthesised immediately after 
temperature shift and that most of the “C-preshift labelled 
emptied heads remain in a peak which is considerably denser 
than the ,*H-labefled emptied heads. Furthermore, the “C- 
labelled emptied heads remain from 15 to 60 min after temp- 
erature shift. 
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Our previous results together with these experiments give good 
evidence that 24-—t-particles can be transformed into phage 
heads in a conservative mode. We have, however, no proof 
that this t-particle is also a precursor in the normal pathway of 
phage head maturation as proposed by Simon’. Among the 
P23-containing particles, only the 24~~—t-particle can be further 
matured; 21~~t-particles, which are morphologically indistin- 
guishable, cannot be transformed':*!", The same is true for the 
so-called “crummy heads” produced by fs mutants in gene 
23, Laemmli and Favre'* have shown that in pulse-chase 
experiments in wild type a precursor particle called prohead I 
which contains predominantly uncleaved P23 and possibly P22 
and IP III can be converted into a particle called prohead H, 
which contains essentially P23*, P22 and IP HI. Other 
results’ show that the 21°—t-particles and tne prohead | 
particles have similar properties (S value, protein composition). 
These results suggest that the 24~~—t-particles may be a true 
precursor in the normal pathway of phage head maturation. 
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Fig. 3 Density distribution of pre- and postshift labelled 
emptied heads of 107.247 infected cells at different times after 
temperature shift-down. a, Density distributions of preshift 
C-labelled empty heads (J - W- 8) and postshift *H-labelled 
empty heads (@ - @ - @) of a sample taken 15 min after tem- 
perature shift-down; b, c, similar density distributions but of 
samples taken 30 and 60 min after temperature shift-down 
respectively. Peaks A, and B, refer to partially emptied and 
completely emptied light heads. Peak Ay refers to partially 
emptied heavy heads. 


Assuming that these precursor particles containing P23 


undergo cleavage in situ (that is, without breaking down and- 


reassembling in a compartmentalised space), then the number 
of P23 subunits must remain identical throughout the trans- 
formation. This is highly interesting, since the overall size of 
the phage head is about 20% larger than that of a t-particle??, 
In this context, it is interesting to note that other results!’ of our 
laboratory indicate that the lattice constant of the capsids of 
giant phages" is different from that of pglyheads. From previous 
considerations on polymorphism" it is likely thaj t-particles 
have the same lattice as polyheads and similarly that the giants 
are not different from normal phage in this respect. 


ewere examined and some of them were photographed with 
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Banding and chromatid separation 
in Chinese hamster chromosomes 


In general, a chromosome exhibiting its banding pattern 
does not permit any internal helix to be seen, and vice versa. 
During studies with chromosomes of Chinese hamster cells, 
cultivated in vitro, it was possible to correlate G banding 
and spiral structure with the spatial relation between sister 
chromatids. G banding of human chromosomes was first 
described by Sumner et al' and later was demonstrated in 
the Chinese hamster chromosomes by Radabi and 
Kriukova’. By a hypotonic treatment, the spiralisation of 
the chromosomes was demonstrated by Ghnuki’ in man: 
later by Kato and Yoshida‘ in the Chinese hamster. 
Chinese hamster fibroblasts of the DON line were gro 
for 2-3 d in Puck’s medium supplemented with HI 4 
serum and 1% glutamine, collected by trypsinisation 4 
5.5 h of colchicine treatment (10 sg mi~'), and then centri | 
fuged at 1,000 r.p.m. for 10 min. The supernatant was _ 
replaced by a mixture of KCI (0.055 MD, KSCN (0.062 M} 
NaNO; (0.055 M) and CH;COONa (0.055 M) in the pr 
portion 4:1:2:2, which is the hypotontic saline used Hl 
Ohnuki*® to demonstrate spiralisation in chromosomes. Cells 
were then washed, fixed for 50 min with methanol s 
glacial acetig acid (3:1), spread on slides accordy tod 
method gf ioorhead et al’, stained with 2% Giemsa 
for 30 min, washed with tap water, dried at room - 
perature and mounted in DPX. Metaphase chror 

























a Zeiss X 100 Neofluar objective. 
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| Appearance of chromatids 
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Banded Intermediate Visible helix Homogeneous Total 

Separation Separate 0 38 0 39 
of Partly 

sister separate 0 1 4 31 
chromatids Closely 

apposed 36 0 0 36 

Total 36 39 4 106 
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They showed either banding, a spiral structure, an inter- 
mediate appearance, or homogeneity without evident internal 
structure: the first three are exemplified in Fig. 1. It is of 
interest that the banding pattern appeared on the chromo- 
somes without postfixation treatment, which is usually used 
for banding, and was described by Sumner ef al.'. Within any 
-one cell, all chromosomes were of similar appearance. It was 

“also noted whether sister chromatids were closely opposed 
‘to each other, or were separated. If they were separated, the 
outside width of the whole chromosome was about 2.4 pm, 
but only 0.8 um if the chromatids were together. Thus, the 
-apparent separation was due to movement apart and was not 
“wholly explicable by loss of material between the chromatids. 
Yt is interesting to compare Darlington’s correlation of 
cinternal change in chromosomes with their external 
mechanics", but he was concerned with the question of an 
-internal split, whereas the results reported here relate to 
‘gional affinity for dyes. In some cells the chromatids were 
separated along only a part of their length. In each of 10 
slides, at least 10 metaphase figures were examined and 
_ classified, the counts so obtained are presented in Table I, 
«which shows that closely paired chromatids always exhibited 
anding, and conversely, but that the internal helices became 
vident and the banding lost only when the chromatids 
>parated. 
\ possible interpretation of this is that the manifestation 
of banding depends on chromosomal material which is 
‘also necessary for maintaining the close apposition of sister 
chromatids and which conceals the helix, but the disappear- 
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Fig. 1 Chinese hamster chromosomes treated before fix- 
ation with the hypotonic saline described in p text and 
c= without any postfixation treatmtnt were sfained with 
Giemsa. The chromosomes No. 1 of each group With their 
diagrammatic representations are shown (x 4200) a, Banded 
~~~ chromosomes; b, the chromosome intermediate in appear- 
ance between a and c; c, the chromosomes show spiralisa- e 
tion without apparent banding. 


+ 





ance of the bands in this experiment is nevertheless also 
attributable to the withdrawal of interchromatid fibres. 
(Fig. 1b). Kato and Yoshida‘ tried to correlate G bands with 
coils by comparing the number of bands with the number 
of coils on the homologous chromosomes of the Chinese 
hamster. This correlation was only based on the constancy 
of the number of the coils in each individual chromosome, 
But they could only show the resemblance of the Knobs, 
which are the relics of bands on the spirals, and the bands. 
No correlation has been shown between bands and the 
spirals on the chromosomes of the Chinese hamster. Ford 
et al’, by using a modified whole-mount method, observed 
the spiral structure of human chromosomes distinctly, and 
found that the number of turns diminishes as mitosis pro- 
ceeds. They concluded that the number of turns was not 
constant but varies with the preparation and doubted if the 
number of gyres would be of any value for the identification 
of the individual chromosomes, as was proposed by Ohnuki’. 
The diminution of the gyres in number, during mitosis, 
would necessitate the unwinding of the chromatids around 
their axis, which could lead to partial or complete disappear- 
ance of the bands. (Fig. Ic). 
I thank Dr J. M. N. Boss for reading the manuscript. 
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Virus-like particles induced in guinea pig cells 
by 5-bromo-2'-deoxyuridine are morphologic- 
ally similar to murine B-type virus 


VIRUS-LIKE particles in tissues of leukaemic and normal 
guinea pigs have been demonstrated repeatedly'~°. Tumour 
cells contain intracisternal particles resembling mouse intra- 
cisternal A particles’, and extracellular virus-like particles 
are found in tissues of leukaemic guinea pigs. To the best 
of our knowledge, a convincing micrograph of a virus-like 
particle budding front the surface of a guinea pig tumour 
cell (in vio) has never been published. In a separate study 
«J.D. and K.P. in preparation), it has been concluded that 
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the guinea pig leukaemia virus'~’ results from the release 
of intracisternal A particles from dying tumour cells. 

Recently, several groups have induced virus-tike particles 
in tissue cultures of a wide variety of normal and neoplastic 
guinea pig cells using 5-bromo-2’-deoxyuridine (BrdU) 
(refs 6-9). Guinea pig cells treated with BrdU contain intra- 
cytoplasmic A particles’’ and produce extracellular virus- 
like particles of uncertain morphology. These extracellular 
particles are formed by a budding process, but it is difficult 
to determine from published micrographs whether these 
particles and buds are characteristic of C-type particles. 

The categorisation of viruses found in mouse neoplasms 
as A, B, C, and D, first proposed by Bernhard", and later 
expanded to include two types of A particles", has recently 
been reviewed", Intracisternal A particles bud from the 
rough endoplasmic reticulum into cisternae and seem to be 
unrelated to any other type of virus-like particles. Intracyto- 
plasmic A particles, more homogeneous in size than intra- 
cisternal A particles, occur in the cytoplasmic matrix of the 
cell, and, in some cases, become the core of B particles. The 
intracytoplasmic A particles are not precursors of C-type 
particles. B particles are associated with mouse mammary 
tumours and can be distinguished from C-type particles by 
the morphology of the buds, the presence of relatively long 
spikes on negatively stained particles, and eccentric 
nucleoids in some of the mature particles. A-type particles 
are always intracellular, while B and C particles are extra- 
cellular. 

Virus particles found in mice and other animals should 
be identified carefully because structural differences may 
represent important biochemical and genetic differences. In 
the case of the guinea pig, the virus-like particles induced 
by BrdU have alternatively been classified as C-type’, or 
as guinea pig leukaemia virus-like’. In the study reported 
here, various cell lines, including tumour cells cultured from 
leukaemic strain 2 guinea pigs, normal guinea pig embryo 
cells derived from strain NIH, and 3-methylcholanthrene 
and benzo[a] pyrene-treated normal guinea pig embryo 
cells, have been examined for virus-like particles after 
induction for 5 d with 40 »g ml~' of BrdU. Regardless of 
the source of the cells, virus particles with a morphology 
similar to that of the murine B-type virus, as well as intra- 
cytoplasmic A particles were the only types found. Although 
extracellular particles were observed frequently, budding 
particles were relatively rare (approximately one bud per 
fifty cell profiles). Figure 1 shows selected examples of thin 
sections of virus-like particles found in BrdU-treated guinea 
pig cells. Figure la shows an intracytoplasmic A particle; 
both electron dense shells are of approximately equal 
density. This is also true of the budding particles shown in 
Fig. 1b and c. At no time have budding particles been 
observed that failed to contain a completely formed 
nucleoid. Figure If and g illustrate eccentric nucleoids in 
particles occuring in a pellet of purified induced virus, 
while Fig. 1h shows the nucleoid of an immature particle 
in the same preparation. Because of the density of this 
pellet, osmium did not penetrate well, and the viral mem- 
branes were not well preserved. This had no effect on the 
nucleoids, which were adequately prefixed with glutaral- 
dehyde. If Fig. la and h are compared, it can be seen 
that the intracytoplasmic A particle is identical to the 
nucleoid of a purified extracellular immature particle. 

Figure 2 presents micrographs of negatively stained 
guinea pig particles induced by BrdU, and for comparison 
with Fig. 1, illustrations of several stages in the develop- 
ment of murine B and C particles. The presence of intra- 
cytoplasmic A particles, the ultrastructural characteristics 
of budding particles, and the presence of eccentric nucleoids 
in mature extracellular particles are criteria used to define 
murine type B particles. A further criteritn is the presence 
of spikes in negatively stained particles. Although C-type, 
particles also have spikes“, they are short and difficult to 


visualise. The” spikes present on the induced guinea pig 
particles and shown in Fig. 2a and b, most nearly 
resemble those found on B-type particles. 





Fig. 1 Virus-like particles induced in guinea pig cells by 
BrdU. Samples were fixed in situ with 3% glutaraldehyde 
in Millonig’s buffer, scraped and pelleted, and post-fixed 
with 1% osmium tetroxide in 0.1 M cacodylate buffer for 
2 h. After dehydration in ethanol and propylene oxide, 
the pellets were embedded in Epon-Araldite. Thin sections 
were stained with uranyl acetate and lead citrate and 
examined at 80 kV in a Siemens 101 equipped with a 50 
um objective aperture. The bar represents 100 mm, and all 
figures aref at the same magnification (approximately 
160,000)..a, Intracytoplasmic A particle; b, c, budding par- 
ticles; d, an apparently extracellular immature particle; 
e, extracellular mature particles; f, g, particles occurring 
in pellets of purified induced virus. Note the eccentric 
° nucleoids (arrows); h, nucleoid of immature particle in the 
same pellet shown in f and g. 


brief fixation with 3% glutaraldehyde; c, d, buds of murine 
C-type particles (c, Rauscher leukaemia virus in human 
embryo kidney cells; d, the C-type particle present in L 
cells); e, mature C-type particle (RLV in HEK cells); 
f. g. h, buds of mouse mammary tumour virus (B-type 


virus, in mammary tumour); i, mature murine B-type 

particles (in mammary tumour). The bar represents 100 nm; 

all figures are at the same magnification (approximately 
160,000). 


Figure 2c and d illustrate buds of murine C-type par- 
ticles, and show how the inner layers form concomitantly 
with the bud. The electron density of the inner component 
is significantly greater than that of the intermediate layer. 
Figure 2e shows the centrally positioned nucleoid of a 
mature C-type particle. Buds of murine B-type particles 
may either contain preformed nucleoids (intracytoplasmic 
A particles; Fig. 2f and g) or the nucleoid may form in 
synchrony with the bud (Fig. 2h). In eit r case the 
electron densities of the inner component and the inter- 
mediate layer are approximately equal. This is essentially 


what is seen in the induced guinea pig particles, although, 


buds form only by incorporating intracytoplasmic A par- 
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ticles. Thin sections of mature murine B-type particles may 
exhibit either eccentric or central nucleoids (Fig. 2i), 
although eccentric nucleoids usually predominate. In the 
induced guinea pig particles, eccentric nucleoids are less 
frequent, and are only very noticeable in older prepara- 
tions, such as the purified pellet illustrated in Fig. 
lf and eg. 
The particles induced in guinea pig cells resemble the 
murine B-type particle in several important ways. Although 
the induced guinea pig particles may not be morphologically 
identical to murine B-type particles, it is evident that they 
are not typical C-type particles, as has been reported”. 
There is a clear need for caution in categorising newly 
observed virus-like particles. Without high resolution 
micrographs of budding particles, it is extremely difficult to 
characterise accurately oncornavirus-like particles. Efforts 
are now under way to analyse biochemically particles and 
induced virus and the guinea pig leukaemia particles and 
to test their biological activities. If the preliminary diagnosis 
of this particle as a B-like virus is substantiated, the pheno- 
type of a (C-type virus genome has not yet been 
demonstrated in guinea pigs. 
K. P. is a visiting scientist from the Hebrew University 
of Jerusalem. 
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Cancer, autoimmunity and IgA-deficiency 
related by a common antigen—antibody system 


Workers! have reported IgG-precipitating antibodies 
against predominantly high molecular weight ruminant 
immunoglobulins to be present in the sera of certain patients 
with IgA deficiencies. The most frequently identified antigen is 
bovine IgM but we have also found a high frequency of pre- 
cipitating antibodies to bovine associated mucoprotein (BAMP) 
(Table 1). Immunochemical studies have demonstrated that the 
antibodies to these two proteins are entirely distinct and that 
antibodies to BAMP in human sera can only precipitate with a 
fraction of the antigenic determinants detected by antisera 
raised in rabbits against BAMP. 

Bovine associated mucoprotein is a constituent of the fat 
globule membrane which is formed by vesicular secretion from 
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. 
the alveolar epithelial cells of the bovine mammary gland. different inhibition experiment 
Jackson ef al.* determined a molecular weight of 123,000 foi The occurrence of positive path: 
BAMP by analytical ultracentrifugation, although lyophilised Our Investigations of serum from 
and dissolved BAMP elutes in the void volume from Sephadex available, the correlation betwee! 
G-200. BA MP contains 25°, carbohydrate of which one-fifth is antibodies to BAMP and BAMP.-; 
Sialic acid, probably as a terminal residue". with SLE was (2/2), mammary car 
Because of the reported occurrence of autoantibodies in IgA- and positive kidney biopsie S). 1 
deficient patients™* and because of the epithelial Origin of tating antibodies in the set pat 
BAMP, routine indirect immunofluorescence screening of disorders as those with BAMP-po 
human biopsy material was undertaken to determine whether patients with related disor 
human or rabbit antibodies to BAMP could react with human summarised in Table | 
epithelial tissue. The results of this study are summarised in Data were obtained 
Table 2 and representative data shown in Fig. 1. Characteristics without the addition of polvethyl 
of the homologous system are the fluorescence of the entire cell precipitin reactions could 
membrane of the secretory epithelial cells, and in the mammary using cross-immunoelectrophoresis, N 
gland, an accumulation of BAMP on the secretory surface for heterogeneity of antibodies to BAM 
(lumenal) of these cells (Fig. la). All normal human biopsies different disorders. The greate 
were negative but striking cell membrane fluorescence was seen lating antibodies occurred in patie ry 
on all diagnosed human epithelial cell tumours, 12°, of the No clear-cut evidence for a BAMP 
renal transplant biopsies, many foetal epithelial cell membranes the sera of patients was obi 
and in systemic lupus erythematosis (SLE) skin biopsies. The agar gel using rabbit antiserum to BAM 
positive human cells (Fig. 1b-d) were always epithelial and capillary agglutination’. The sensi! 
showed the same characteristic ‘rim’ fluorescence seen in bovine BAMP. 
ussues (Fig. la). When the sera from patients with precipitating Ihe data presented here at 
antibodies to BAMP were tested on sections of human mam- and certain experimental evide 
mary Carcinoma or normal bovine tissue in the indirect assay, deficiency, incidence of neoplasn 
positive fluorescence was obtained with both human and bovine immunity through a com mi 
tissues although it was markedly more pronounced with the BAMP and anti-BAMP. Thi 
human tissue suggests that BAMP is a bovine 
Che specificity of the fluorescence for a specific antigen related related to a carcinoembryonic 
to BAMP on human and bovine tissues was confirmed by four BAMP can be called a phylo-ca 
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Fig. 1 Indirect fluorescence localisation. a, Bovine nfammary gland tgeated with rabbit anti-BAMP (| If 

melanoma treated with rabbit-anti-cBAMP: c. human manmnfary* carcinoma treated with rabbit-anti-BAMP 
treated with rgbbit anti-BAMP 





No. No. Group 
r tested positive A 
IgA deficiencies 
. Antibodies to cow's milk 
immunoglobulins {] 8 

Nasal-pharyngeal carcinoma 1 I 
Autoimmune phenomenon 90 

-Systemic lupus erythematosis 9 8 

Rheumatoid arthritis | l 


All cancers 45 
Nasal-pharyngeal carcinoma 
Mammary carcinoma 
Optic melanoma 
Metastatic islet cell tumour 
Prostatic cancer 
Adenocarcinoma 

All other pathologies 
Serum from kidney patients 
. Gastritis 
Crohns disease 
Alcohol lifer disease 

Normal blood 


22 


th 
Non 





contrast to the previously described carcinoembryonic anti- 
gen (CEA) and œ- -foetoprotein (AFP), the diagnostic 
feature of our system is the occurrence of precipitating anti- 
‘bodies to BAMP, whereas the reverse is true for CEA and AFP. 
‘The absence of BAMP on 127 normal biopsies and seven 
lymphomas and its presence on all diagnosed epithelial cell 
‘neoplasms, argues against the possibility of BAMP being a 
histocompatibility antigen. 

= The glycoprotein nature of BAMP is not unlike previously 
described tumour antigens and the immunochemical and 
physicochemical properties of BAMP are similar to those 
reported for CEA". 

co Our findings show that anti-BAMP also occurs in conditions 
generally regarded as neoplastic. SLE and rheumatoid 
ritis (RA) are characterised by autoimmune phenomena and 
‘share certain clinical and pathological features. IgA deficiency 
is not uncommon in patients with SLE and one-third of the 
‘BAMP-positive SLE patients in this study had IgA levels lower 
than 70 mg°®<. The occurrence of precipitating antibodies to a 
variety of undefined homologous and heterologous antigens has 
also been reported in SLE and RA*. A correlation between 
IgA’ deficiency and autoimmunity has been reported’? and the 
association between thymus function and autoimmune disease 
seems genuinei*. The presence of BAMP and anti-BAMP in 
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renal. transplant patients is not inconsistent with the reported 


correlation between neoplastic tissue and transplantation’® 
or with reports of heterophile antibodies in transplant patients”. 

The data presented here also offer a new interpretation of 
reports on the occurrence of antibodies to ruminant immuno- 
globulins in patients with IgA deficiency’. The presence of 
these antibodies has generally been ascribed to the greater 
absorption of macromolecules by the digestive tract of such 
patients. The reports that IgA-deficient patients also have 
autoantibodies to human IgA and human IgM** instead sug- 
gests that the occurrence of antiruminant antibodies could be a 
reflection of an autoimmune phenomenon or immune surveil- 
lance defect. In this study, (1) the failure of human sera to 
precipitate with only a portion of BAMP detected by anti-rabbit 
BAMP and (2) the greater degree of fluorescence of human 
carcinoma tissue compared with bovine mammary tissue ob- 
tained using human antibodies to BAMP, both suggest that 
the antibodies in human serum were formed in response to the 
human BAMP-related antigen and only cross react with BAMP. 
An antigen has been partially purified from a mammary 
carcinoma which cross reacts with BAMP and the serum of this 
patient contains antibodies to the human antigen. 

Cell-mediated immunity is generally regarded as most impor- 
tant in the body’s elimination of neoplastic tissue*’ and the 
specificity control at the T-cell level has been suggested to be of 
great importance in the prevention of autoimmune respon- 
ses!*-22, Reports have suggested that complete development of 
the IgA system depends on a functioning thymus**-**. From this, 
the occurrence of BAMP or anti-BAMP may be correlated with 
pathological conditions in which a thymic malfunction is 
probable. 
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Table 2 Occurrence of BAMP-positive biopsies 
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Nature of tissue No. 
ke tested 


‘Bovine mammary gland, adult ileum, lacrimal and 


parotid glands and lungs 18 


Normal human skin, lung, ileum, colon, liver, 


oesophagus, adrenal and mammary gland 127 


Human foetal ileum, colon, prostate, kidney, 
thymus and tonsil 

Human foetal pharynx, lip, tongue, skin, lung, 
oesophagus, stomach, brain, spleen, spinal cord, 


muscle, testes, placenta, umbilical stump and liver 20 


All diagnosed epithelial cell cancer 
Human breast carcinoma 


Human optic eee 
- Human retinal balstoma 
- Thyroid carcinoma 
All other 


Human peas transplants 3 


Skin from SLE patients « % 
< Human prostatic tumour ° 
“Various lymphomas 
— Human adenocarcinoma 
<. Normal mouse tissue (epithelial) 1 


Be Normal rat tissue (epithelial) = 


No. Localisation Relative 
positive site intensity 
Secretory, mucosal or 
18 glandular epithelial cell 
membrane +A 
0 
Epithelial cell 
6. membrane +? 
0 
3 Secretory epithelial cell | 
membrane si 
3 Cell membrane oad 
l Ceil membrane TIT 
i Small epithelial membrane oA 
Tubular epithelial cell 
2 membrane ied 
2 Epithelial cell membrane aia 
0 
0 P 
E 1 * Epithelial cell membrane les 
0 
+ . 0 





Nature Vol, 249 J une 28 1974 


* Hyslop, N. E. juny Kern, K. and Butler, J. E., Fedn Proc., 31, 
932 (1972). 

* > Tomasi, T. B., jun., and Katz, L., Clin. exp. Immun., 9,3 (1971). 

Am mann, A, R and Hong, R., Medicine (Baltimore), 5, 223 (1971). 

Apren iz and Vyas, G. N., J. Lab. clin. Med., 77, 629 (1971). 

s Jackson, R H., Coulson, E. J., and Clark, W. R., " Archs Biochem. 
Biophys, 97, 373 (1962). 

e Wells, J. , Bleumers, J. F., and Fudenberg, H. H., Clin. exp. 
Immun., ns 305 (1972). 

. Ammann, A. T and Hong, R., Lancet, June, 1264 (1971). 

as ‘Herrington, J, C: Trenter, J; W., H, ‘and Pert, J. H., Immuno- 
chemistry, 8, 413 (971). . 

< 10 Caldwell, J. L.,Severson, C. D., and Thompson, J. S., (in the press). 

n Krupey, J., Gold, P. and Freedman, S. C., Nature, 215, 67 (1967). 

12 Mach, J. P., and Pusztaszeri, G., Immunochemistry, 9, 1031 (1972). 

13 Colligan, J. E, Lautenschleger, J.T. , Egan, M. L. ‘and Todd, C.W., 
Immunochemistry, 9, 377 (1972). 

'* Vaughan, J. H., and Christian, C. L., Immunological Disease, 2, 
(edit, by Samter, M. ) 997, 1014 (Little, Brown and Co., Boston. 










ae Here ans, J. F., and Crabbe, P. A., Birth Defect Orig., Article 

k (edit. by pl gi D., and Good, R. A.), 298 (1967), 

J. R., Gray, K. G., Beck, l.S. and Buchanan, W. W., 

Rheum. Dis., 21, 360 (1965). 

17. Nell, P. A., Ammann, A. J., Hong, R., and Stiehm, E. R., 
Pediatrics, 49, 72 (1972). . 

18 Anderson, R. R., Buchanan, W. W., and Goudie, R. B., Auto- 


SEAN (Charles C. Thomas, Springfield, Illinois, 1967). 
'9 Good, R. A., Proc. natn. Acad. Sci., U.S.A., ae 1026 (1972). 
20 Svehag, S. E., Olander, R., and Sundquist, K. G., Clin. exp. 


immun., 13, 191 (1973), | 

21 Smith, R. T., and Landy, M., 
Press, New York, 1970). 

22 Katz, D. H., and Benacerraf. B., Adv. Immun., 15, 1 (1972). 

ane Perey, D. Y? E., Frommel, D., Hong, R., and ‘Good, R. A., Lab. 
Invest., 22, 212 (1970) 

2+ Perey, D. Y. E., and Bienenstock, J., J. Immun., 111, 633 (1900). 

25 Clough, J. D., Mims. L. H., and Strober, W.J, J. Immun., 106, 
1624 (1971). 


lmmune Surveillance (Academic 








Subunit structure of H-2 alloantigens 
HISTOCOMPATIBILITY antigens carry the immunological 
determinants involved in tissue transplant rejection’. Recent 
evience has shown that papain-solubilised HL-A antigens 
are composed of two polypeptide chains’”. The smaller of 
the solubilised HL-A polypeptide chains has been shown*? 
to be identical to 2-microglobulin and it has also been 
shown that 8:-microglobulin is physically linked to the HL-A 
antigens on the cell surface*~*. These findings raised the ques- 
tion of whether the major transplantation antigens from 
other species are composed of subunits. This communication 
shows that mouse H-2 alloantigens are linked to a small 
polypeptide chain which is homologous with human 8 
microglobulin. 

Papain-solubilised H-2 alloantigens were isolated from 
600 A/J spleens essentially as described for HL-A antigens’. 
To achieve further purification, part of the alloantigen 
containing material was labelled with “I and "I (ref. 10) 
and incubated separately with H-2K* and H-2D* alloanti- 
sera. The resulting immune complexes were isolated by gel 
chromatography and subjected to SDS-polyacrylamide gel 
electrophoresis’. From each incubation, only two radio- 
active bands were apparent after electrophoresis (Fig. 1). 
Using protein standards of known molecular weight it 
could be calculated that the two radioactive zones exhibited 
molecular weights of about 12,000 and 40,000, respectively. 
Control experiments with normal mouse serum from A/J 
mice did not give any T- or “'I-labelled material appear- 
ing in the position of the immune complexes on gel chro- 
matography. Thus, we conclude that. highly purified papain- 
solubilised H-2 alloantigens are composed of two polypep- 


tide chains, irrespective of whether they are coded for by 


‘the K or the D end of the histocompatibility locus. 


*two polypeptides on the cell surface. 
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Fig. 1 SDS-polyacrylamide gel electrophoresis of imine. 
SS between anti-H-2D* and a “i labelled . 

ntigen preparation and between anti-H-2K° and "I 
H-2 alloantigen. The H-2 containing materials w. 
actively labelled with iodine by the chloramine ` 
dure'’. The immune complexes were isolated by g 
tography on Sephadex G-200. Gels with an ¢ 
concentration of 15% prepared as described by — 
were used, After completion of the electrophoretic sè 
the gel was divided into segments of 2 mun width x 
for radioactivity in a y-well type scintillation 

@-——-@, 71, O-.0, BY, 
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An antiserum against human f#:-microglobulin was in- 
cubated with a fraction cee as]. iiaa H-2 
















and subjected to SDS- polyacrylamide gel eletron 
The electrophoretic profile revealed oniy the pr 
the small H-2 alloantigen polypeptide chain w 
migrated exactly as human #:-microglobulin. ¥ | 
shown that the antiserum used dissociates B:-microglobs lin = 
from the larger HL-A chain* and it seems to : 
same effect with H-2 antigens. This re sult strong 
that the small H-2 alloantigenic polype 
homologous with human /2-microglobulin. 
The two H-2 polypeptide chains were separated from 
each other by gel chromatography in 3 M KCL The 
smaller polypeptide chain, labelled with I, and ny. 
labelled human B:-microglobul in were subjected to acid- 
urea starch gel electrophoresis’ (Fig. 2). It can be seen 
that human #2-microglobulin exhibited an electrophoretic 
mobility indistinguishable from that of the mouse < 
part. On reduction and alkylation both proteins d 
a retarded mobility compared with the untreated : 
signifying that the mouse protein may contain a < 
0? similar to that of human 1 f-microglobulin'*" 
















shared between the two KOKAS These ae fa 
hypothesis that the small H-2 alloantigen is the a 
homologue of human £2-microglobulin. 

The linkgge of the mouse homologue of S:-micr 
to the larger H-2 alloantigen polypeptide chain l 
fortuitous result of the solubilisation procedure.. 
were therefore made to establish a connection bei 
Tt cou 
demonstrated that antibodies against human 
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Fig. 2 Urea-starch electrophoresis at pH 3.0 according to a 
modification’ of the procedure outlined by Edelman and 
Poulik”, a, Untreated samples of the small H-2 alloantigen 
polypeptide chain labelled with I and human £#.-micro- 
globulin labelled with I. b, The same material reduced 
with 0.1 M mercaptoethanol in 8 M urea for 30 min and 
alkylated with 0.12 M iodoacetic acid in the dark for 30 min. 
The radioactive polypeptides were isolated from the labelled 
antigens by gel chromatography in 3 M KCL The electro- 
phoresis was run for 2 h at a voltage of 22 V cm™'. After 
completion of the electrophoresis the gels were divided into 
segments of 2 mm width and assayed for radioactivity in a 
y-well type scintillation counter, @--—-@, I; O--O, J. 


globulin lysed more than 85% of mouse spleen cells in the 
presence of complement’. Fab’-fragments’’ against human 
B.-microglobulin could completely abolish the cytotoxic 
effect of both H-2K* and H-2D* alloantisera (compare with 
ref. 7). Also, antibodies against human £#.-microglobulin 
cocapped FITC-labelled antibodies directed against H-2K* 
or H-2D* (ref. 6). It is thus conceivable that the mouse g- 
microglobulin counterpart is a true subunit of the H-2 
alloantigens coded for both by the K and D ends of the 
major histocompatibility complex not only when liberated 
from the cell membrane but also on the intact cell surface. 

We thank Dr H. Wigzell for supplying the alloantisera 
used in this study. The technical assistance of Miss Yvonne 
Fernstedt is acknowledged. Financial support was obtained 
from the Swedish Cancer Society and the Swedish Medical 
Research Council. 
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Induction of lymphokine production by EAC 
and of blastogenesis by soluble mitogens 
during aon B-cell activation 


eye 


the basis of immune choca ea a membrane markers 
and in vitro mitogen reactivity. Thymus-derived (T) 
lymphocytes mediate cellular immunity either directly or 
by secreting pharmacologically active lymphokines’, and 
are implicated in facilitating antibody responses’. In con- 
trast, bone marrow-derived (B) lymphocytes are thought 
to produce only antibodies. Studies in the guinea pig, 
however, indicate that, appropriately stimulated, B cells 
can produce macrophage migration inhibitory factor 
(MIF)’. We have now found that the erythrocyte—antibody 
(19S)-complement (EAC) rosetting method, used to obtain 
pure human peripheral blood B cells, activates these B 
cells to produce mononuclear cell chemotactic (CTX) and 
mitogenic (MF) lymphokines. Furthermore, we have 
investigated the mechanism of B cell activation by EAC 
and the effects of mitogenic lymphokines on human T and 
B lymphocytes, 

T and B lymphocytes were obtained as described in the 
legend to Table 1. Between 45 and 75% of peripheral blood 
lymphocytes were recovered as E-rosette-forming cells and 
5-35% as EAC-rosette-forming cells. These high rates of 
recovery suggest that the subsequent biological studies are 
representative of T and B cell functions. 

Purity of T and B cells was assessed by immuno- 
fluorescent staining of membrane-associated immuno- 
globulins, a characteristic of B cells. Different anti-human 
immunoglobulin sera were used: two conjugated with 
fluorescein (C20F-341, Meloy Laboratories), and 3031612 
(Baltimore Biological Laboratories, Cockeysville, Mary- 
land) and the other with rhodamine (6481, Cappel Labora- 
tories, Dowingtown, Pennsylvania). All sera were titred to 
find their optimum staining concentrations. Rosetted cells 
(1.0 x 10°) were treated with isotonic ammonium chloride 
lysing buffer, washed and kept at 3° C. A volume of 0.1 ml 
conjugated serum was added and the pelleted cells were 
incubated for 30 min at 4° C, washed three times in 
chilled azide-BSA buffer and wet mounts were made. In 
four experignents, the mean purity of T cells was 95% + 1 
and eof B cells, 97% + 2 with < 05% monocyte 


_contamination in either population. 
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T cells 
mean 


87-13 
16,404 + 2,934 


Control (19) 
PHA (l ug per well) {19) 











Tand B cells with adherent E or EAC rosettes were 
placed in culture (as described in the Table legends) and 
stimulated with medium, concanavalin A (con A) or 
phytohaemagglutinin (PHA). Levels of incorporation of 
tritiated thymidine (H-TdR) in control unstimulated cul- 
tures in both populations were quite low (Table 1): with a 
mean of 87 c._p.m. + 13 for T cells and 157 + 33 for B 
cells. Mitogen-stimulated T cells incorporated considerable 
‘H-TdR and to a lesser degree B cells were also stimulated 
by soluble PHA and con A. 

We investigated whether B cell responses to mitogens 
were due to PHA and con A adsorbed on the EAC, since 
particulate mitogens stimulate B cells‘. B cells were dis- 
sociated from erythrocytes with anti-C3 antibody’ and 
separated by Ficoll-Hypaque (FH) gradient centrifugation. 
Dissociated B cells were viable as assessed by trypan blue 
exclusion and still gave PHA and con A-induced pro- 
liferative responses equivalent to B-EAC cell cultures. Even 
transient EAC binding to C3 receptors may have lowered 
the threshold for B cell stimulation so that the subsequent 
interaction with soluble mitogens induced blastogenesis, 

We then investigated whether purified T and B cells can 
be activated by soluble mitogens to make mediators as well 
as to proliferate. Supernatants from medium, PHA and 
con A-stimulated T and B cell cultures were assessed for 
CTX activity as before’. Table 2 shows that supernatants 
from T cell cultures which had been activated with PHA 
or con A to synthesise DNA also had appreciable CTX 
activity (30-60 cells per 20 fields), while unstimulated 
control supernatants, reconstituted after culture with 
mitogen, had essentially none (8-9 cells per 20 fields). The 
mean values of the reconstituted controls were equivalent 
to those obtained with medium. In contrast, all B cell 
Supernatants contained equal levels of CTX activity irres- 
pective of whether they were from unstimulated, recon- 
stituted or mitogen-stimulated cultures. The generation of 
CTX activity in B cell cultures did not correlate with 
‘H-TdR incorporation (Table 1). The CTX activity in 
both control and mitogen stimulated B-EAC cell super- 
natants was two to five times greater than in supernatants 
from mitogen-stimulated T cell cultures, suggesting that 
CTX activity in B-EAC cell culture supernatants was not 
derived from the few contaminating nonimmunoglobulin- 
bearing cells. Furthermore, mitogen-stimulated B-EAC 
cultures did not contain more CTX than supernatants from 
control cultures. This indicates that the contaminating cells 
were not producing lymphokines, as would be expected if 
they were T cells; this is another indication of the purity 
of our B cell preparations. 

To assess whether the attachmént. through the C3 
receptor non specifically induced the prod@uction of 
lymphokines, B-EAC cell rosettes were dissociated ‘with 


Table 1 Blastogeneic responses of human T and B lymphocytes 
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B-EAC Dissociated B celis 
N mean N mean 
(15) 157+ 33 (4) 















(17) 4,926=.981 
(12) 1,780 + 685 


er 
rabbit anti-mouse C3 globulin’ (as described in. 
legends) and dissociated B cells were cultured - 
without mitogen. Supernatants from unstimulate 
dissociated from EAC were devoid of high CTX a 
compared with supernatants from cultures of undi 
B-EAC cell rosettes (Table 2). These data suggests 
attachment of EAC to B cells stimulates iy 
production. But EAC binding was either insuf 
cause concomitant B cell blastogenesis or bla 
requires a different signal. In control experiments, | 
EA (19S antibody) which do not bind to B celk f 
stimulate either lymphokine production or bla: ness: 
however, EA (7S antibody) which binds to B cef mem- 
brane Fe receptors also induced B cell lymphokine pro- 
duction (B. F. M, L. C. A., and J. Jardszewski. un- 
published data). Therefore, the induction 










4, 
lymphokine production seems to be facilitated by agents 


heo 


which bind to specific B cell membrane receptors. 
biological activity of B cells dissociated from their adher 
EAC was further assessed in terms of their a 







he 







with that of B-EAC cultures and twice as great as i 
mitogen-stimulated T cells. The dissociated B ce 
supernatant levels of CTX were too high to be af 
to the low percentage of contaminating immuno 
negative cells; however, we cannot ignore the pos 
tribution of helper cell effects. Table 2 suggests tha 
appropriate stimulation both human T and B lwmphocytes 
produce lymphokines. Further, lymphokine was produced 
in B-EAC cultures in the absence of concomitant Basto- 
genesis; an observation consistent with the reported 
dichotomy between lymphocyte proliferation and macro- 
phage inhibitory factor synthesis ®. 

CTX activity in B cell supernatants was not derived from 
the two chemotactic complement peptides, C3a and Ca. 
First, B cells purified using EAC prepared with CS deficient 
mouse sera still generated CTX activity equivalent to B 
cells separated with EAC prepared with normal mouse 
sera and second, the treatment of B cell supernatants with 
antisera to C3 and C5 did not appreciably decrease their 
chemotactic activity: specificity of antisera was assayed by 
immunodiffusion. The CTX activity found in B cell 
supernatants was therefore presumed to be produce 
cells and seems to have physiochemical charac’ 
similar to those produced by T cells (L. C. A,B T 
and B. ChaSsy, in preparation). 

Supernatants from T and B cell cultures we: 
assessed for MF. We asked two questions: fr 
purified T and B cells produce MF and second, c 
as well as T cell MF stimulate pure T or B cells (Table ay 
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Table 2 Chemotactic lymphokine activity in T and B lymphocyte culture supernatants 


T cell supernatants B-EAC cell supernatants Dissociated B cell supernatants 


N reconstituted stimulated E/C MN reconstituted stimulated E/C N reconstituted stimulated E/C 
Medium (5) ~ a2 — {6) oon 9327 s (6) — 26 — 
PHA (pg mi“) (9) I2 66 +. 3 7.3 (4) 8242 99 14 12 (Q2 1843 104-11 Del 
Con A (10 pg mit) (7) 8- l 304:2 3.8 (2) 134-12 142- 10 LI (2) 18-3 bi4%0l 6.3 


T and B lymphocytes at 4 x 10° per 2 mi culture (RPMI-1640; 0.5%% human AB sera supplemented) with or without stimulant were incubated 
at 37° C in 5% CO,-95% air for 24 h. B-EAC rosettes immediately after purification were treated with rabbit anti-mouse C3 globulin (1 mg 
IgG per | x 10° cells; 37° C for 30 min with constant shaking). Dissociated B cells were separated from EAC and undissociated B cells by two 
FH gradient centrifugations, Total viable dissociated B cells were counted by trypan blue dye exclusion, then cells were diluted and cultured as 
described. Supernatants were collected and tested for CTX activity. The test population of mononuclear cells (MNC) used in the chemotactic 
assays was separated from human peripheral blood on FH gradients, washed twice in Gey’s balanced salt solution ( PH 7.0) and diluted to 
5 x 10° cells mi*, Target MNC and culture supernatants were placed in modified Boyden chambers separated by a 5 um polycarbonate filter 
(Nuclepore, Wallabs Inc.). The chambers were incubated for 90 min at 37° C in air"; the filters were removed, stained, and the cell migration 
was quantitated. Results are expressed as the mean number of migrating cells per, 20 oil fields -+ s.e. of triplicate samples. N represents the 
number of experiments used to calculate the mean. The E/C values represent the ratios of the CTX activily in supernatants from stimulated 
cultures divided by the activity in their reconstituted controls. 


Supernatarfts from con A-stimulated and reconstituted T 
cell cultures were passed through Sephadex G-100 to remove 
most added con A (ref. 9); supernatants reconstituted with 
con A after incubation served as controls for the mitogenic 
activity of any residual con A. Since there was no dif- 
ference in results for autologous and allogeneic secondary 
cultures the data were combined. Supernatants from con 
A-stimulated T cell cultures could activate both T and B 
cells. Reconstituted T cell supernatants had slightly more 
mitogenic activity than control supernatants, probably due 
to residual con A. Supernatants from control EAC-B cells 


CTX activity (144 + 5 cells per 20 fields) irrespective of 
the presence of T cells; control unrosetted and un- 
stimulated mononuclear cell supernatants had no activity. 
Second, the addition of T cells to purified B-EAC rosette 
cultures in ratios of 1:10 and 1:1 neither suppressed nor 
increased the generation of B cell CTX activity. 

We conclude first that human peripheral blood T and B 
lymphocytes proliferate in response to soluble mitogens 
previously thought to stimulate only T cells. One explana- 
tion for this is a helper effect by the few contaminating 
immunoglobulin negative cells. Alternatively the inter- 
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Table 3 Mitogenic lymphokine activity in supernatants of human T and B lymphocyte cultures 





Primary cultures 


T lymphoeytes 








Secondary target cell cultures 
B lymphocytes 


cell type stimulant reconstituted (N) mean E/C mean E/C 
use con Medium (3) 70 +43 1.0 (4) 59 3-16 1.0 
T Medium — (3) 1284-19 1.8 (4) 49-8 0.8 
To Medium Con A (5) 444 -63 6.3 (3) 110- 80 1.8 
tx ConA 2 2 ee (5) 4,690-- 460 70.6 (3) 1,406 =. 698 7.4 
— = Medium (t5) 8735 1.0 (18) 146-108 1.0 
B EAC Binding _ (15) 29 -97 4.9 (18) 579 + 107 4.0 
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T and B lymphocyte culture supernatants were prepared as described for Table 2. In experiments using con A as a stimulant, control 


to which no mitogen was added and which did not incor- 
porate “H-TdR also stimulated both T and B cell blasto- 
genesis in autologous and allogeneic secondary cultures. 
This MF activity was not ascribed to conditioned medium 
effects since control T cell supernatants had no stimulatory 
effects. Significantly more blastogenesis occurred in 
EAC-B-cell-supernatant-stimulated secondary cultures than 
in secondary cultures to which only medium was added; 
however, blastogenesis did not approach that produced by 
con A-stimulated T cell supernatants. Thus, human B cells 
activated by EAC-rosetting produced MF similar to the 
MF in supernatants of con A-stimulated T cell cultures 
which activated both T and B cells. Furthermore, the 
incubation of purified T cells with EAC induced neither 
blastogenesis nor MF production indicating that EAC 
binding to B cells was the cause of MF synthesis. 
Further control experiments were performed to assess 
whether lymphokine production hy human Bgcells resulted 
from removal of suppressor T cells. First, B-EAC rosettes 
were formed but not separated from the total peripheral 
blood mononuclear cell population, and cultured for 24 h. 


action of activated EAC-3 with B cells through their C3 
receptors, may have provided an initial signal so that sub- 
sequent binding of soluble PHA or con A became 
sufficient to stimulate B cell blastogenesis'’®. These findings 
are consistent with reports that human B cells purified on 
immunoabsorbent columns also respond to soluble 
mitogens'''*. These immunoabsorbents, fike EAC rosettes, 
may lower the threshold for B cell activation by binding to 
a membrane receptor. 

Second, the binding of EAC and EA (7S) to human B 
lymphocytes induced CTX and MF synthesis but not con- 
comitant blastogenesis. In contrast, PHA and con A- 
stimulated dissociated B cells to both proliferate and syn- 
thesise lymphokines. These data indicate that lymphokine 
synthesis and blastogenesis are either functions of different 
lymphocyte populations or require different degrees of 
membrane stimulation for their initiation. Finally, the 
demonstration that B lymphocytes produce a mitogenic 
lymphokine which effects T cells suggests a previously un- 
recognised mechanism of immune regulation. 
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Supernatants from these cultures contained high levels of = Dental Research to Litton Bionetics Inc. 
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A new UV Visible 
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No other instrument available today 
features such outstanding capability. 
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Note added in proof: The report” that purified human B 
cells fail to proliferate in response to soluble T cell mitogens 
conflicts with our and other findings”. 
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Altered metabolism of carcinoembryonic 
antigen in hamsters bearing GW-39 tumours 


THE liver is well known for its role in the catabolism of 
a variety of plasma glycoproteins’. Liver-mediated clearance 
of a tumour glycoprotein antigen, the carcinoembryonic 
antigen (CEA) associated with human gastrointestinal 
adenocarcinomas’, has been demonstrated in dogs and 
rabbits’. Since circulating CEA is being extensively investi- 
gated for its diagnostic value in the detection of cancer 
patients, we were prompted to determine the metabolism 
of CEA in a xenogeneic species which supports the growth 
of a CEA-producing colonic cancer. 

Female Syrian hamsters, 110-180 g, were heterografted 
with a CEA-producing colonic adenocarcinoma of human 
origin continuously propagated in hamsters'. CEA, purified 
from liver metastases of human colonic adenocarcinomas 
(E. S. Newman, H. J. Hager and H. J. H., Manuscript in 
preparation), was radiolabelled with ‘I by the chloramine- 
T method*. Animals were injected intracardially with 7-9 
4Ci of aggregate-free “I-CEA (40-80 aCi wg@') diluted in 
phosphate buffered saline containing 10% autologous 
serum. At timed intervals, each animal was exsanguinated 
by cardiac puncture, its organs were removed and radio- 
activity was determined in each and in I ml of plasma, 
using a Model 3375 Packard gamma scintillation counter. 
The radioactive material in the plasma, urine, and liver was 
characterised by Sepharose 6B column chromatography 
and by immunoreactivity with goat Ant#CEA antibody in 
the radioimmunoassay developed by Hansen er 91.5 i 

Figure 1 shows that in normal hamsters, 80-90% of thé 
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percent of radioactivity accumulated in the liver. The cp. 
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injected radioactivity was cleared by the liver within 5 min. 
This level of radioactivity was maintained in the liver until 
30 min, at which time it began to decrease. Initially, 10-20%, 
of the injected radioactivity was not cleared from the cir- 
culation; at 12 h, less than 5% was recovered from either 
the liver or blood. The accumulation of radioactivity in the 
urine coincided with its disappearance from the liver and 
by 24 h, 95% of the injected dose of radioactivity was 
found in the urine. At all times, the distribution of radio- 
activity was less than 1.0% in the spleen, kidneys, lungs, 
heart, and faeces, whereas 10-30% localised in the intestinal 
tract. The radioactivity reached a peak of 20-35% within 
the small bowel at 3 h and then declined, while a maximum 
of 10-15% was recovered in the large howe! 3 | 








mn later, 

When radiolabelled CEA was injected into hamsters bear- 
ing cheek pouch and intramuscular GW-29 tumours, a 
decrease in the clearance of plasma radioactivity was 
observed in hamsters bearing tumours at either site, being 
more marked in animals with intramuscular tumours (Fie. 
1). Initially, the increase in vascular radioactivity corres- 
ponded to a decrease in the quantity present in the liver. 
But as the plasma radioactivity decreased, its level began 
to rise in the liver, and by 60 min, the radioactivity in beth 
the plasma and liver of tumour-bearing hamsters was 
similar to that of normal animals. The distribution of radin- 
activity among the other organs studied in tumour hamsters 
was identical to that found in normal hamsters. 

The radioactivity which was present in a 30 min and 3 h 
liver sample of a normal hamster was characterised on 
Sepharose 6B columns calibrated with the preinjection 
radiolabelled” CEA (Fig.” 2). The first radioactive peak in 
a 30 min liver sample cochromatographed with the pre- 
injection antigen, whereas at 3 h, this peak eluted at a 
slightly lower molecular weight. The second peak in both 
cases appeared after the total column volume was voided 














nd represented low molecular weight mifterials which 
acked immunoreactivity with goat anti-CEA antibody. The 
-percentage of this material in the liver was 10-15% from 
30 to 360 min. Following perchloric acid (PCA) extractions, 
-othe radioactivity sequestered by the liver during the latter 
times was 80-90% immunoreactive. 
= The radioactivity not initially cleared by the liver and 
< remaining in the plasma at 5 min was identical, according 
<- to Sepharose 6B chromatography, to the preinjection CEA. 
Subsequently, a low molecular weight, nonimmunoreactive 
radioactive peak, similar to that in the liver, gradually 
appeared and accompanied a decrease in the quantity of 
radioactive material which eluted as the preinjection CEA. 
By 3 h, the relative percentages of the former and latter were 
<70% and 25% of the plasma radioactivity, respectively. At 
<S min, more than 70% of the plasma radioactivity was 
immunoreactive before PCA extraction but decreased to 
10% by 3 h, owing to the raised levels of the low molecular 
: weight ratoactive material. Loss of the latter material 
during dialysis of 30 min to 3 h plasma samples extracted 
with PCA yielded material which was 70-75% immuno- 
eactive. All of the radioactivity which accumulated in the 
irine at 30 min or 24 h eluted as the low molecular weight, 
}onimmunoreactive material. 
-Figure 3 shows that a major portion of the radioactivity 
‘jn both 15 and 60 min plasma from hamsters bearing intra- 
muscular tumours appeared in the void volume after 
< Sepharose 6B chromatography. Although there was a 20% 
irop in the blood’s radioactivity during this time, the 
relative percentage (45%) of the void volume material 
remained approximately the same. 
_.. Our results with normal hamsters are in general agree- 
“ment with the report by Shuster er al., in which the meta- 
bolism of CEA was investigated in dogs and rabbits’. Slight 






































ely a result of variations in the sialic acid content of the 
EA preparations used in the different studies, as pre- 
-viously reported for other serum glycoproteins’. We have 
~ demonstrated a delay in the blood plasma clearance of 
< radiolabelled CEA in GW-39 tumour-bearing hamsters. 
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- Fig. 2 Chromatography of 30 min ( J and 3 h (- - -) 
= Jiver radioactivity on Sepharose 6B columns. Livers were 
= homogenised in distilled water, 1:4 (w/v), anc centrifuged 
at 12,000g for 30 min. After appfying a sample from the 
supernatant to a 2.6 x90 cm Sepharose 6B colurfin, 5 ml 
fractions were collected and assayed for radioactivity. 85 
to 98% of the radioactivity applied was recovered. Arrows, 
total column volume (Vt), and the elution volume of the e 
preinjection radiolabelled CEA. 
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lifferences in the initial plasma clearance rates are most - 
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Fig. 3 Chromatography of normal and GW-39 tumour- 
bearing hamster plasma radioactivity on Sepharose 6B. 
85 to 95%, of the radioactivity applied was recovered. 


Arrow, void volume (Vo); (-----~ }, 15 min plasma sample 
from hamster with tumour, (- — ~), 60 min plasma sample 
from hamster with tumour, (=-= ~), 15 min plasma sample 


from normal hamster. 


Since the GW-39 tumour elicits the formation of a hamster 
anti-CEA IgM antibody", the plasma radioactivite macro- 
molecule which appears in these animals is probably a 
CEA-antibody complex. Future studies will attempt to 
determine whether this antibody interferes with CEA 
clearance or is incidental to a more general state of tumour- 
induced suppression of liver function. 
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Regulation of the corticosteroid 
inducibility of tyrosine aminotransferase 
in interspecific hybrid cells 


TYROSINE aminotransferase (TAT) is not inducible by corti- 
costeroid hormones in heterokaryocytes and hybrid cells 
resulting from the fusion of rat hepatoma cells with mouse 
fibroblasts? Fusion of rat hepatoma cells with human 
fibroblasts also results in the loss of TAT inducibility, but 
because of the unidirectional loss of human chromosomes in 
the resulting hybrid cells”, inducibility of TAT is re-expressed 
in some clones*. The suppression or modulation of the 
expression of TAT inducibility in such hybrid clones seems to 
be related to presence of the human X chromosome’. Since 
rat-human hybrid clones in which TAT inducibility is sup- 
pressed have the same corticosteroid receptor activity as the rat 
parental cells*, the absence of inducibility cannot be ascribed 
to a decrease in corticosteroid receptor activity. 

To identify the biochemical event involved in the suppression 
of the TAT inducibility in interspecific hybrid clones, we have 
analysed a series of rat-mouse and rat-human suppressed 
hybrid clones for corticosteroid receptor activity and for their 
ability to transfer the dexamethasone-receptor complex to the 
nucleus. The rat hepatoma cells (FuSAH) used are resistant to 
15 pg mi of 8-azaguanine and deficient in hypoxanthine- 
phosphoribosyltransferase (HPRT)  activity®, They were 
hybridised with mouse Cl-1D cells which are derived from 
L cells® and are resistant to 30 ug ml? of BUdR, and with 
human KOP fibroblasts which are derived from a subject with 
a translocation of the long arm of the human X chromosome to 
D-14 [t4q, Xq)] (ref. 7). FuSAH cells were fused with either 
Cl-1D cells or KOP cells in the presence of B-propiclactone- 
inactivated Sendai virus in Eagle’s minimal essential medium 
(MEM) at pH 8.0 (ref. 8). Immediately after fusion, hypoxan- 
thine-aminopterin-thymidine’ (HAT) selective medium was 
added to the cultures. After 14 d, colonies of mouse-rat 
hybrid cells were isolated. These cells were then cloned in 
microtest plates, 

After fusion of human and rat cells the cultures were 
maintained and passaged in HAT medium to eliminate human 
fibroblasts. Colonies of hybrid cells were then obtained 
4-6 weeks after fusion, permitted to grow and subsequently 
cloned, 

The chromosomes of the parental rat, mouse and human 
cells and of cells of each hybrid clone were stained by a 
modification of Seabright’s Giemsa banding method*!°, and 
a minimum of 20 karyotypes of each hybrid clone was analysed 
to identify the origin of the chromosomes of the hybrid cells. 
Chromosome preparations were treated with a solution of 
trypsin (0.05%) and EDTA (0.02%) (Gibco) for 5 min, rinsed 
with medium containing 5° foetal calf serum and then rinsed 
with Hanks solution. The slides were then stained in 2% 
Giemsa (pH 6.8) for 5 min, rinsed with pH 6.8 buffer (made by 
dissolving one tablet of G.T. Gurr pH 6.8 buffer in 100 mi 
water) and dried in humidified hot air. 

Of the three parental cells studied, TAT was inducible by 
dexamethasone only in the rat FuSAH cells (> four-fold 
induction) (Table 1). 

In all the rat-mouse hybrid clones the TAT baseline activity 
was not expressed and the enzyme was not inducible by 
dexamethasone (specific activity = 0). In the rat-human 
(FuSAH x KOP) hybrid clone 7, in which the only human 
chromosome present was the t (14g, Xq), the baseline TAT 
activity was similar to that of the rat parental cells (Table 1) 
whereas the inducibility of TAT was significantly reduced in 
comparison with that of the rat parental cells. 

The rat-mouse hybrid clones contained between 83 and 
103 chromosomes which could be sdentified by Giemsa 
banding (Fig. 1, Table 1). In these clones, most of the chromo- 
somes of the rat and mouse parental cells were retained (Fig. 1), 


but occasionally rat chromosomes were preferentially lost. 5 


+ 


Table i Induction of TAT in rat-mouse and rat-human 
hybrid cells 
. TAT specific Avet age 
Cell line Dexamethasone activity* chromosome 
ne. 
Parental 
FuSAH = 
Cl-ID 2 
KOP - 
Hybrids 


Rat-mouse CI 5 
Rat-mouse Cl 7 se 
Rat-mouse Cl 8 on 
Rat-mouse CI l0 9 = 
Rat-mouse Cl 16 
Rat—mouse Cl] 17 oe 
Rat~mouse Cl 18 ee 


Rat~mouse Cl 20 = 
Rat-hħhuman Cl 7 a 


egone 











yas: 


Almost confluent monolayers of parental amd hybrid celis: 
in serum-free medium with or without 10 uM dexameths 
The cells were collected after centrifugation at 80 
4° C, washed, and resuspended in extraction med 
| mM EDTA, 0.1 mM potassium phosphate buffe 
suspension was sonicated by two 10 s bursts 
Branson sonifier at a setting of 5 A. The sonicat 3 
immediately centrifuged in a RC-2 Sorvall centrifuge at 20,000e | 
I5 min at 4° C. The supernatant solutions were tested for T by 
the method of Canellakis and Cohen™ and for proteins by the method 
of Lowry et al ??. 

* TAT specific activity = umol p-hydroxypheny! pyruvate formed 
per 10 min (37° C) per mg of protein. 














Such chromosomal loss seemed to be limited and usually 
involved less than 40° of the rat chromosomes (Fig, D. 

To survive in HAT medium', the rat~human hybrid cells 
had to retain the long arm of the human X chromosome which 
was translocated to D-14’ (Fig. 2), since the human HPR'T gene 
is located on the long arm of the X chromosome’. 





e Fig.1 Rat—mouse hybrid C118. All the mouse Cl-1D chromo- 
somes are present in this clone (upper four rows). Forty rat 
chromosomes are present in this hybrid (last three rows). 
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Fig. 2 Rat-human hybrid CI 7. Seventy-five rat chromosomes 
are present in this hybrid. Only the human t (14q, Xq) chromo- 
some is present in this clone. 


As Table 2 shows, both rat and mouse parental cells displayed 
= corticosteroid receptor activity. The amount of receptor 
activity was higher in the mouse parental cells (Table 2), in 
-which TAT could not be induced by dexamethasone (Table 1). 
The KOP cells, as well as WI38 human fibroblasts*, had low 
amounts of receptor activity (Table 2). Two noninducible 
~“mouse-rat hybrid clones (Table 1) displayed corticosteroid 
receptor activity which was higher than that of the parental 
‘mouse and rat cells (Table 2), The rat-human hybrid clone 7, 





- in which TAT was only slightly inducible by corticosteroids, 


displayed higher dexamethasone-receptor activity (Table 2) 

than the rat hepatoma parental cells. 

As Table 3 shows, transfer of radioactive dexamethasone to 

< -the nucleus proceeded to the same extent in both rat FujAH 
and mouse C1-1D cells. In the three rat-mouse hybrid clones, 

in which TAT was not inducible (Table 1), the percentage of 





= Table2 Corticosteroid receptor activity of parental and hybrid 


cell lines 
Receptor activity TAT 
Cell line °’ hormone binding) inducibility 
FuSAH 21 oe ee 
= CHID AS 
KOP 4 pa 
Rat-mouse CI 5 sa ee: ; 
<- Rat-mouse Cl 18 67 ns 
-© Rat-human CI 7 32 Ti 


-Cytosols of the cell lines were incubated for 90 min at 0° C with 
2 nM 1,2,4~4H-dexamethasone (New England Nuclear Corp.). A load 
sample of 0.5 ml was added on a 10 ml syringe column of Sephadex 
G-25 and eluted with | mM phosphate buffer (pH 7.6). Pre-bound, 
bound and unbound pools were collected and radioactivity of the 
pools was determined in a scintillation mixture containing Triton-X, 
toluene and methanol! fluor!*. These experiments were done essentially 
as described earlier’, Percentage binding was calculated by the 
following formula: 





wee a EHF ee 


© tography which accounts for about 95% of the binding’. This 
- fraction is identical to the binder H dexamethasone binding protein 


=> of rat liver cytosol which has been shown to be the major hormone 


<> receptor protein”. In addition, when this level of rgdioactive dexa- 
= methasone is used in in vitro binding experiments with adrenalecto- 
mised liver cytosol, there is only one major peak on ion-exchange 


= e¢hromatography which is characterised as binder II, the hormone 


= receptor (unpublished experiments). Thus, the values reported for 
o binding of *H-dexamethasone in cytosol represent about 95%, 
hormone receptor. 
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radioactive dexamethasone recovered in the nuclei at various 
times after exposure to the hormone was slightly higher than in 
the rat and mouse parental cells. 

In the rat~human hybrid clone 7, the bound dexamethasone 
nuclear transfer proceeded to the same extent as in the FuSAH 
parental cells (our unpublished results). 

Since the rat~human hybrid cells that retained the human 
xX (long arm)/D-14 chromosome had a much lower TAT 
inducibility than did the rat FuSAH cells (Table 1), the gene(s) 
modulating TAT inducibility by corticosteroids seems to be 
located on the long arm of the human X chromosome. 
Previous studies excluded this role for the human D-14 
chromosome’. 

Our results indicate that noninducibility of TAT in 
rat-mouse or rat~-human hybrid cells cannot be attributed to 
an absence or decrease of dexamethasone-receptor activity. 
In fact the rat-human hybrid clone 7 in which TAT was only 





Table 3 Nuclear transfer of #H-dexamethasone in 
rat~mouse hybrids 


% Nuclear transfer 


Cell line 2h 4h igh 
FuSAH 17.8 25.9 34.1 20.5 
CHID 26.9 26.5 23.4 28.1 
Rat—mouse Cl 5 33.6 28.1 30.6 414 
Rat—~mouse CI § ND** 56.3 42.1 48.6 
Rat—~mouse Cl! 10 ND** 43.1 54.5 49.3 





Almost confluent monolayers of parental and hybrid cells were 
exposed to 3.3107" M 1, 2, 4-3H-(N)-dexamethasone (specific 
activity 21.2 Ci mmol ^) in serum-free medium. At different intervals 
the cells were trypsinised, centrifuged and washed three times in ice 
cold phosphate-buffered saline (PBS). The cells were resuspended in 
hypotonic reticulocyte standard buffer (RSB), composed of 10 mM 
NaCl, 10 mM Tris-HCl, pH 7.4, and 1.5 mM MeCl, and homo- 
genised. The cytoplasmic fraction was centrifuged in a RC-2 Sorvall 
centrifuge at 20,000g for 15 min at 4° C. The nuclei were stripped of 
the outer nuclear membrane by double detergent procedure according 
to the method described by Penman’. The percentage of nuclear 
transfer of the dexamethasone-receptor complex was determined by 
the following formula: 
cpm. 


mg of nuclear proteins 
at EE E x 100 
cpm. a 


°% Nuclear transfer 





mg of nuclear proteins mg of cytosol proteins 


We conclude that the activity of the hormone receptor has indeed 

been measured by our techniques for the reasons set forth in Table 2. 

Furthermore, nuclear translocation experiments ascertain the presence 

and biological activity of the receptor as shown by the results described 
in this table. 


slightly inducible by dexamethasone had dexamethasone- 
receptor activity higher than that of the rat parental cells. 
In addition the mouse—rat hybrid cells have more dexametha- 
sone-receptor activity than either of the parental cells. It is thus 
possible that in this case fusion of two cell types, both with 
dexamethasone-receptor activity, results in the formation of a 
hybrid cell with combined receptor activity of the two parental 
cells. 

In all the clones tested in which TAT was not inducible but 
which had dexamethasone receptor activity, the transfer of 
radioactive dexamethasone to the nucleus proceeded to the 
same or greater extent than in the rat or mouse parental cells, 
indicating that the biochemical event which is missing in these 
noninducible hybrid clones is not the transfer to the nucleus of 
the dexamethasone-receptor complex. Therefore, the regulation 
of the inducibility of TAT in interspecific hybrid cells must take 
place either at the level of the binding of the dexamethasone 
receptor complex to the chromatin or at the transcriptional or 
post-transcriptional level. These problems are now being 
investigated. 
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of asin complement cascade 


ACTIVATION of the complement cascade (C,-C,) by the 
classic or alternate pathways is associated with the develop- 


ment of several biological activities’. These include the 
elaboration of chemotactic factors (Cs, Cs, and a trimo- 
lecular complex C = ), opsonic activity associated with the 
formation of Cy, from the third component, anaphylatoxin 
activity associated with the formation of Ca and Cs, from 
the third (Cj) and fifth (C;) components, and lysis of certain 
cells after the formation of lesions at the cell surface associ- 
ated with fixation of the eighth (Cs) and ninth (C) com- 
ponents. We have detected another activity which follows 
intravascular activation of the complement cascade with 
the elaboration of the low molecular weight factor that 
produces an immediate neutropenia followed by marked 
neutrophilia, 

Activation of the complement cascade intravascularly by 
the alternate pathway was achieved in New Zealand White 
rabbits or Hyline Sandy Lop rabbits, weighing approxi- 
mately 2.5 kg, by intravenous injection 0.6-1.0 ml of purified 
cobra venom factor or 50 mg of a „suspension of inulin 
(Sigma). The CVF was purified from’ the crude venom of 
Naja naja (Sigma) on DEAE cellulose and Sephddex G-200 
columns after the method of Ballow and Cochrane’. The 









venous blosd aes were ‘obtained. : 
Wright-stained differential counts 
standard techniques. 

Figure | shows the effects of intravenous administration 
of the two activators of com on neutrophils. A 
i z ai 120 s and this 









the time course of deplet 
One levels of a ma ral t 





















control. The perce: in. “PN MN Ye 
more closely with depletion of apsoniic e l 
reduction in antigenic Cy levels. 

To determine whether the biological activi 
ated with complement activation, rabbits were 
of complement by sequential injections of 
as described by Brown‘, When the antigenic Cy) 
than 10% the animal was challenged with 1.0. 
In the complement-depleted animal there we 
on PMN counts after rechallenge with 1.0 mia 

Further substantiation that the biological eff 
ciated with complement was obtained by infusi 
fresh rabbit plasma into an animal that was ¢ 
depleted but still had circulating CVF. Jt 4 
strated that, after sequential intravase: 
of CVF, the CVF continues to č 
against it are formed’. Ths infusion o 
heparinised plasma into a complement-dep! at i 
(opsonic index <10%) caused acute neutropenia © 
soon by neutrophilia (Fig. 3). 
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Fig. 1 Effects of intravenous administration of i 
CVF (@) or 50 mg of inulin (©) on rabbi 
PMN counts. Values are expressed as per 
value, which was obtained 1-5 min be 
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Both CVF and inulin activate complement by the alter- 
nate pathway which results in formation of a Cs-convertase 
which then activates C.-C, (ref. 1). To identify further the 
components upon which biological activity might depend, 
CVF was injected into Cedeficient rabbits. Acute neutro- 
penia followed by neutrophilia occurred, suggesting that the 
biological activity was dependent on either C, and/or G; 
(data not shown). 

Further studies were then designed to further characterise 
the active factor. Fresh plasma (15 ml) was treated with 
either CVF (1:10 v/v) or 6 mg mi’ of inulin suspension. 
The mixtures were reacted for 15 min at 37° C and imme- 
diately filtered at 4° C through a UME 20,000 Amicon 
Diaflo filter. To enhance the filtration the plasma was first 
diluted 1:1 with sterile, isotonic saline. The filtrate was 
collected and then filtered through a 0.4 am Millipore filter 
before infusing it into the rabbit ear vein. Appropriate 
saline contsols were performed. 

Figure 4 shows that the biological activity could be 
recovered in the filtrate. The small pore size would exclude 
CVF (molecular weight >180,000) and the Cy, immune 
adherence molecule (molecular weight ~150,000). The low 
molecular weight fraction recovered after treatment of 
- plasma with CVF or inulin caused a biphasic curve follow- 


ing infusion. There is no explanation for this difference 
“from in vivo adminstration of CVF or inulin. Low 
-= molecular weight filtrate produced very little neutropenia 
when the plasma treated in vitro with CVF was obtained 
->from an animal first depleted of C; by sequential doses of 
CVF. There was, however, pronounced neutrophilia, suggest- 
ing that neutrophilia follows activation of less substrate or 
that it is determined by a different mechanism. 
Preliminary studies suggest that the low molecular weight 
© factor acts directly on PMN and that the cells are removed 
by sequestration rather than lysis (our unpublished observ- 
~~ ations). 
-= Alterations in neutrophil kinetics during acute inflamma- 
tory states have interested investigators for some time. 
Some of the most intriguing early observations were made 
by Andrewes’. This investigator demonstrated in rabbits 
that acute neutropenia followed intravenous administration 
of the live Gram-negative bacteria, and antigen-antibody 
complexes. Neutrophilia occurred later. Reactions to Gram- 
positive bacteria were mild unless animals were previously 


” of control 
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Fig. 2 Effect of two sequential doses of 1.0 ml CVF on 
antigenic C; levels of serum (@) and zymosan opsonic index 
(O). The first dose of CVF was given at zerottime and the 
second at 160 min. Antigenic C; levels were mansured by 
radial immudiffusion using goat anti-rabbit C; (ref. 3). The 
opsonic index for zymosan was obtained by counting the 
number of intracellular zymosan particles in 100 PMN (100 
particles: 1 PMN) after incubating in a shaker bath at 37° c* 
for 15 min. 
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Fig. 3 Effect of infusion of 40 ml of fresh plasma in a 
rabbit which received 1.0 ml of CVF at zero time (@). The 
opsonic index for zymosan at the time of plasma infusion 
was 8° of control. A saline control in a normal rabbit is 


included (O). 
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Fig. 4 Effects of infusion of 15 ml of low molecular weight 
filtrate (< 20,000) on rabbit PMN counts. Before filtration 
for approximately 2 h through an Amicon Dtaflow UME 
20.000 filter, 15 mi of fresh plasma was incubated with either 
CVF {1:10 v/v) or inulin 6 mg mi^ plasma, The plasma 
was diluted 1:1 with saline before filtration in order to 
increase the rate of filtration. @, Filtrate from CVF treated 
plasma; A, filtrate, from inulin-treated plasma; O, filtrate 
from CVF treated plasma obtained from a rabbit that had 
receive® for sequential doses of CVF (0.7 ml) which 
feduced the antigenic C: level to 20% of control before the 
time plasma was collected. 
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immunised. Most PMN were sequestered in the lung and 
there was no evidence that their destruction was the cause 
of the profound neutropenia. Interpreted in the light of 
contemporary knowledge, these early studies suggest that the 
acute neutropenia may have been complement dependent. 
. With Gram-negative bacteria, the complement cascade 
o | be activated by endotoxin’. The reaction to Gram- 
“posi ive bacteria would be mild unless it was enhanced by 
the presence of specific antibody, after which the comple- 
ment cascade would be activated by the antigen-antibody 
complex’. ‘Moreover, both neutropenia and neutrophilia may 
occur in humans during acute bacterial infection, and the 
shock syndrome of infection is associated with activation of 
the complement cascade’. Neutropenia follows the injection 
of endotoxin into both humans and experimental animals 
and d ring this time the cells are primarily sequestered in 
1 monary capillaries’. Recent studies have indicated 
ieutropenia induced after infusion of viable Gram- 
bacteria into the blood of subhuman primates is 
ished if the animals are first depleted of the comple- 
ment by CVF (ref. 9). in our investigation the possibility of 
contamination of the CVF, inulin or low molecular weight 
fraction by endotoxin was considered. This was excluded by 
constant temperature measurements for up to 3 h in rabbits 
receiving each of these. No significant alteration in rectal 
temperature was observed in any animal, thus making con- 
tamination with endotoxin highly unlikely. 

A neutrophilia has been observed several hours after the 
infusion of CVF, but careful studies of time points earlier 
than 1 h were not done’. The magnitude of the neutro- 
philia was somewhat less than we observed and the reasons 
for this are not evident at present. A possible association 
of leukocytosis with complement activation has been ré- 
corded by Rother who observed that factors released during 
complement activation induce release of leukocytes from 
bone marrow” 

This investigation pdas that the alternate pathway 
activation of the fluid phase by CVF or by inulin is asso- 
ciated with alterations in PMN kinetics. The changes depend 
on elaboration of a factor of low molecular weight 
(< 20,000) which may be derived from either the C; or C; 
molecule. This factor may be responsible for alterations in 
PMN during acute inflammation, 
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ecould be effectively separated from the NA storage : 


843 






without ATP in aaa f 
nerve vesicles 


THE concept that catecholamine (CA) in sympathe ie. nre 
vesicles is stored ES with Hi ina fined mola 




















students” “3. This fixed ratio of CA i io A 


cingly demonstrated in purified preparations of 
medullary vesicles, whereas the evidence concern 
ratio of noradrenaline (NA) to ATP in sympathetic 
vesicles has been based on preparations from bovine spl 
nerves”, rat heart!’ and rat vas deferens contaminated f 
unspecified extent with other organelles such as mitechon: 
The aim of the present study was to determine the- 
NA/ATP ratio in a highly purified preparation of t 
splenic nerve vesicles. j 

Large dense core vesicles were isolated from bo 
nerves using differential and density gradient centrifu 
The supernatant obtained after centrifugation of | 
homogenate at 10,500 max for 10 min was lg 
sucrose-D,O gradients (linear from 0.25 M to 0.6 M w 








Emax for 90 min in a SW 40 rotor (Beckman). The 
above the bottom step (fraction HD) in the gra 
taken out, diluted three-fold with isotonic sucrose a 
fuged at 10,5002 mas for 10 min. The supernatant obi 
centrifuged at 20,000¢,,,, for 10 min end the : 
from this centrifugation was spun at 230 D008 aaz 

Each pellet was resuspended in 1.5 mi 30 mM K- 
buffer (pH 7.3); 0.5 ml was used for determination of cyto- 
chrome oxidase as a mitochondrial marker enzyme, The rest 
(1 ml) was extracted with 0.4 M perchloric acid and then 
diluted with distilled water to 2 mi. After removal of the 
protein precipitate, 1 ml was used for flaorimnetric di p 
mination of NA (ref. 12) and the remaining | mi was t g 
Tris-buffer and KOH to pH 7.0-7.4. The perchi 
pitate was carefully removed by centrifugation. The: 
was used for ATP assay by the firefly method™. The 
of ATP added as internal standard ranged from 59-72%: 

The ATP values were corrected for the loss actually measurec 
in each individual experiment. The protein precipitate was. 
solubilised in NaOH and protein was determined by the Folin 
method. 

NA storage particles and mitochondria from splenic nerve 
sedimented to about the same level in the density gradients**. 
But a separation of NA storage particles and mitochondriz 
could be achieved by differential centrifugation of the dilvted 
gradient fraction as shown in Fig. |. Cytochrome oxidase 
activity was highest in the first two pellets obtained after low 
speed centrifugations, while most of the NA was found in the 
last pellet which was obtained after high speed centrifugation. 
In this way about 80% of the cytochrome oxidase activity 
could be removed while still more than 60°, of the NA was 
retained in the particles. 

The high speed sediment with the lowest cytochrome oxidase 
activity was used for determination of the NA/AT?P ratio. 
In the first few experiments there was a great variability in 
NA/protein ratio due to variable post mortem delay at the 
slaughter house before the nerves could be chilled with ice. 
When ok precautions were -taken to — the ha ay Io 



























i e.m., n e214) and the aie NA/ATP ratio 7 7.32 x 

The original density gradient fraction (fraction i F 
mainly of lgrge dense gore vesicles (750 A), co 
almost exe¢lusively with mitochondria according to by 
and morphological analyses'®. As seen in Fig. 1 ¢ 
mitochondria likely to contain appreciable amoun 





has also been confirmed by morphological studies'*, 
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Fig. 1 Distributions of NA, ATP, cytochrome oxidase (CyOx) 


and protein (prot.) in the three sediments. These were prepared 
from a ‘nerve vesicle fraction’ (obtained from a density gradient 
after ultracentrifugation) by fractional centrifugations at 10,500 
Saas for 10 min; 20,0002mas for 10 min and 230,000fmas for 
20 min. The values are expressed in percentages -+ s.e.m. Each 


wok 


bar represents the mean of at least four experiments. 


The much more complete removal of cytochrome oxidase 
than of ATP indicates that the ATP sedimenting together with 
NA truly belongs to the NA storage particles. The possibility 
of contamination with mitochondrial fragments containing 
ATP but not cytochrome oxidase (outer membrane fractions) 
cannot be ruled out. But these particles would probably not 
sediment to the same level in the density gradients. 

It was not possible to get rid of all the cytochrome oxidase 
in the final sediment. According to the morphological studies’! 
the mitochondria constituted a few per cent of all the particles. 
Therefore the NA/ATP ratio was certainly slightly higher than 
7.3 in the NA storage particles in the final sediment. 

We have not excluded the possibility that there were nerve 
vesicles with relatively higher ATP content which were lost 
during the first centrifugations. The overall NA/ATP ratio was 
however found to be 5.1/1 in the original preparation containing 
at least 10% mitochondria according to morphological 
analysis'®, so it is quite possible that the NA/ATP ratio also 
was higher than 4/1 in the lost vesicles. 

The ‘true’ in vivo ratio of NA to ATP may be even higher 
than the value 7.3 obtained in the present study. Since there is 
evidence that thermal activation leads to a selective loss of 
NA without concomitant loss of ATP*, it seems probable that 
pest mortem delay at body temperature reduces the NA/ATP 
ratio of the vesicles. Thus, when the delay was 30-40 min the 
NA/protein ratio was about 2 pg mg ` and the molar NA/ATP 
ratio was about 3.5. When the delay was reduced to about 
10 min, vesicle preparations with a NA/protein ratio of 
10 ug mg! could be obtained. The NA/ATP ratio in these 
preparations was 7-12. 

Extrapolation to zero time?’ suggests that the NA/ATP 
ratio in vivo may be as high as 20/1 which would indicate that 
only 20° of the NA in these sympathetic nerve vesicles could 
be stored in the postulated NA/ATP complex. High values for 
the NA/ATP ratio have been observed previously; a level of 
7.5-12 has been calculated to occur in sympathetic large dense 
core vesicles!”. Moreover, in a series of studies on phaeochromo- 
cytoma tumours a wide range of CA/ATP ratio® were found, 
from 8 to as much as 35 (refs 18, 19). It may be ‘of further 
interest that cholinergic nerve vesicles seem to store acetyl- 
choline in a molar ratio to ATP of 10/1; and 5/1 in the two, 
discernable pools’, 
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The occurrence of other nucleotides in sympathetic nerve 
vesicles cannot be ruled out, but only trace amounts of such 
material, including ADP, could be detected in partially purified 
splenic nerve vesicles (DaPrada, personal communication). 

This study concerns the NA storage particles in nerve trunk. 
It is possible that the vesicles in the nerve terminals have a 
relatively higher content of ATP, corresponding to the proximo- 
distal increase in NA/protein ratio*'. But preliminary studies 
do not support this possibility, since no significant rise was 
found in the ATP/protein ratio in the vesicles isolated from the 
intrasplenic distal part of the nerve trunk, compared with 
vesicles from the proximal part, while the NA/protein ratio 
increased markedly. 

The present results provide very strong evidence that a major 
proportion of the NA in the sympathetic nerve vesicles is stored 
differently from the bulk of the CA in the adrenomedullary 
vesicles. This is further supported by the findings of striking 
differences in kinetic properties®'47; between nerve and 
adrenomedullary vesicles. 

The nerve vesicles are, for example, very resistant to osmotic 
shock, but they lose NA rapidly during thermal activation, 
while the adrenomedullary vesicles behave in the opposite 
way*. Furthermore, the nerve vesicles have a very low content 
of soluble proteins such as chromogranin A compared with the 
chromaffin vesicles®. The nerve vesicles may contain a smali 
NA/ATP/soluble protein complex of the same kind as that 
which predominates in adrenomedullary vesicles; it seems 
possible that this complex in nerve vesicles is functionally 
insignificant and may represent an evolutionary dead end. If 
ionically bound, most of the NA in nerve vesicles has to be 
bound by negatively charged constituents other than ATP 
such as phospholipids. 
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(+) and (—)-bicuculline methochloride 
as optical isomers of a GABA antagonist 


THE discovery by Curtis et al.', that bicuculline would 
antagonise both the depressant effects of microionto- 
phoretically applied y-aminobutyric acid (GABA) and 
certain strychnine resistant central inhibitions has provided 
further support for the view that GABA might be a central 
transmitter. Their studies have also stimulated much think- 
ing. and research into the structural relationship of GABA 
and its receptor. On the basis of examination of Dreiding 
stereomodels of GABA and bicuculline, the Canberra 

oi ip. suggested that the nitrogen atoms and the three 
associated with the carboxylate in GABA 








atoms 
(O =C- O) could be isosteric with the nitrogen atom and 


the O=C-C grouping in bicuculline’, Indeed, recent 
physiochemical work? on the two substances indicates that 
the distance from the onium group to a carboxylate 
oxygen in GABA is fixed at between 5.2 and 5.8 A and 
this agrees well with a distance of 5.6 A between the 
equivalent groups in bicuculline. It would therefore seem 
reasonable to suppose that the GABA antagonist proper- 
ties of bicuculline are due to the occupation of the GABA 
receptor by a part of the bicuculline molecule that is 
isosteric with the biologically active conformation of 
GABA’. 

er inspection of the portion of the bicuculline mole- 
cule: that is isosteric with GABA reveals that it contains 
two asymmetric centres and thus four optical isomers are 
possible. Such variation in the optical properties would 
be unlikely to change interatomic distances along the 
skeleton of the molecule and so may not affect the potency 
as a GABA antagonist. If, on the other hand, the 
stereochemical requirements for combination with the 
GABA receptor are more subtle, then different optical 
isomers would be expected to have widely differing poten- 
cies. All pharmacological experiments so far performed 
with bicuct iline" have used the commercially available (+) 
form (K & K Chemical, Pierce Chemical) and, so we 
thought it important to examine the properties of the (—) 
isomer. Although the (—) form occurs in nature* it is rare 
and we have therefore prepared it by synthesis from (—) 
B-hydrastine’. 

In comparing the biological activities of the two stereo- 
isomers of bicuculline certain problems arise, chiefly 
associated with their very low solubility at biological pH, 
and this has already led to dispute over the efficacy of the 
(+) isomer®”. This would obviously lead to uncertainty over 
the correct interpretation of a negative effect with the (—) 
form. More recently (+) bicuculline methochloride has been 
shown to be an effective GABA antagonist and as this sub- 
stance is about 100 times more soluble in water than 
bicuculline base, its use, particularly in microiontophoresis 
experiments, is easier and gives more reproducible results’. 
As the asymmetric centres are not affected by methylation 
we have chosen to prepare the methochlorides from our 
samples of (+) and (-~)-bicuculline and to compare the 
relative biological activities of these derivatives, 

All shiek nave been A aii in pepade Lister 
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antagonised the depressant action of | 
neurones and produced concurrent ex 
culline methochloride (prepared in a simi ar soli 
a) applied to ue same neurones, » from the | 3 


nal excitation in a similar manner to ‘the (+ ay isomer 
1). 

Presynaptic inhibition was measured i 
nucleus by analysis of the evoked potential 
in response to stimulation of a forepaw ipsil: 
recording electrode. The amplitude of the posit 
potential (P wave) was taken as an index of pr 
terminal depolarisation”. (+)-Bicuculline met 
(0.5 mM solution in normal saline}, applied topically 
medulla, consistently and reversibly antagonised pres 
naptic inhibition in the nucleus, whereas (—)-bicucu! 
methochloride (4 mM solution in normal saline) was with- 
out effect on the P wave (Fig. 2). =a 

The relative convulsant potencies af the two isdime 
tested by making microinjections into cerebra 
and recording the resultant convulsive discharge 
EEG, the injection cannula serving as recording € 
Very small quantities of the (+)-bicuculline met 
produced sustained convulsive activity Cspiking’) 
0.5 mM solution in normal saline} whereas in 
400 times this amount of the (—) form to the s 
(10 „I of 4 mM solution in normal saline) produc: 
transient convulsive activity. 

More recently, experiments in the cat have s 
(+ )-bicuculline methochloride will readily antag 
GABA and synaptic inhibition in the cuneate ni 
that (—)-bicuculline methochloride does pel 
isomers seemed to have little effect on depression cf 
neurones by glycine’. In comparison with other | 
antagonists that we have studied, (+ )-bicuculline 
chloride stands out for both it potency and its lack . 
on glycine (R. G. H. and M. A. Simmonds, in preparation). — 
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Fig. i Production of an increase in firing rate of a single 
cortical neurone by both (+) and { ~ }bicuculline metho- 
chloride and GABA antagonism by the (+) isomer, The 
firing of this neurone was assisted with a continuous appi 
cation of d,/-homocysteate 5 nA. Firing rate (O) imme 
preceding each GABA application is plotted against elè 
time. The time taken to achieve 50% depression of fi 
(Ts) (@), by successive application of GABA 4) r 
measures the effectiveness of the naer cael 
represents one GABA application. Where sh 
horizantal bar (—)-bicuculline methochi id 
applied andgproduced an increase in the fi 
it did got affect the Tesponse to GA 
horizontal bar represents an application of 
methochloride 50 nA and this produced a si 
in firing rate. Additionally the GABA Ts was 
e longed, indicating GABA antagonism had occurred. D 
effects were readily reversible. 
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Thus, from these experiments, it would appear that only 
the (+) form of bicuculline methochloride is capable of 
antagonising both the depressant effects of GABA and 
presynaptic inhibition. Additionally, (+ )-bicuculline 
methochloride is at least 400 times as potent a convulsant as 
(—)-bicuculline methochloride. It would, therefore, seem 
that the biological activity of these compounds is depen- 
dent on the absolute configuration around the asymmetric 
centres, 

The GABA molecule is flexible and can exist in many 
different conformations. Attempts have been made", 
using molecular models, to explain the GABA antagonist 
action of bicuculline in terms of a stereochemical match 
with GABA. Blount and Gilardi have recently, independ- 
ently determined the absolute configuration of bicuculline 
using X-ray analysis and Gilardi has pointed out that the 
previous model studies’? on the preferred conformations 
for GABAe and bicuculline were probably based on an 
incorrect configuration for bicuculline. Some workers”-'~" 
have suggested using molecular orbital and NMR calcu- 
lations for protonated bicuculline and bicuculline metho- 
chloride in solution, as a way of determining the correct 
preferred conformations. Our results suggest that whatever 
the preferred conformations of bicuculline and bicuculline 
~ gethochloride are found to be, the conformation of the (+) 
isomer will be more correctly isosteric with the preferred 
biologically active conformation of GABA than will the 
= {—) enantiomer. This stereospecificity parallels that seen 
-elsewhere in the nervous system, for example with mus- 
carinic agonists of acetylcholine, narcotic analgesics and 
their antagonists and 6-receptor blocking agents. 

(+)-Bicuculline methochloride (Fig. 3) possesses the IS, 
9R configuration”, whereas (—)-bicuculline methochloride 
(Fig. 3) has the IR, 9S configuration”, these configurations 
- of course, being shared by the parent compounds (+) and 
-(~)-bicuculline. These observations are compatible with 
the work of Johnston and his co-workers who revealed that 
corlumine (Fig. 3) is an effective GABA antagonist* for 
on examination of the stereochemistry we found that this 
substance also had the 1S, 9R configuration. 
© We are now examining the biological activity of 

bicuculline epimers and related compounds to determine 
whether the particular stereochemical arrangement involv- 
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Fig. 2 Reduction of presynaptic inhibition in the rat 
cunate nucleus by (+ bicuculline methochloride and the 
lack of effect of the (—) isomer. The inhibition was 
measured as the amplitude of the P wave (expressed as per- 
centage of control) recorded in the cuneate in response to 
peripheral stimulation. At the first arrow (+ )-bicuculline 
methochloride 0.5 mM solution en saline wat applied to 
the surface of the medulla and rapidly reduced the P wave 
amplitude. After 40 min the P wave amplitude had returned 
to control values and application of 4 mM (—)}bicuculline 
methochloride solution at the second arrow had a negligible 
effect, A subsequent application of the (+) isomer (third ° 
arrow) again readily and reversibly depressed the P wave. 
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Fig. 3 Structural formulae showing the configurations of 
(+) and (—)}bicuculline and corlumine about their asym- 
metric centres, GABA is shown for comparison in one of 
its possible conformations. Although precise conformational 
information is not yet available, the preferred biologically 
active conformation of GABA is more likely to resemble 
the configurations of the isosteric groupings in (+ )-bicucul- 
line. Although the conformation of (+) and (—)-bicuculline 
methochloride will not be precisely that of (+) and (—) 
bicuculline due to steric effects of the extra methyl 
group''"*, the configuration about the asymmetric centres 
will be identical. 


ing a 1S, 9R configuration is the unique criterion for GABA 
antagonism in this series of alkaloids. 
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‘Spin-lattice relaxation times of imidazole 
‘protons and their relevance to NMR 
studies of proteins 


Tue spin lattice relaxation time (7) is the exponential time 
constant for re-equilibration of nuclear spins with their 
surroundings (the lattice) following resonance excitation, and is 
consequently related to the correlation time of the nuclei in 
solution. Thus, the determination of T, values would be of 
interest in many biological systems. Measurement of the 
relative motility of different portions of a protein molecule, for 
example, could shed light on conformational and functional 
properties. 

Recent technical innovations, notably the introduction of 
the Fourier transform (FT) technique in nuclear magnetic 
resonance (NMR) (ref. 1) have made determinations of T, 
almost routine. There are several reports of the measurement 
of 7, values of imidazole C, protons of histidine residues in 
peptides and proteins?*, as well as applications of 3°C NMR 
(refs 6-11). Previous work has indicated the value of measuring 
the chemical shift of the imidazole proton resonances as a 
function of pH (ref. 12 and ref. 13 and refs therein). We now 
report the 7, values of imidazole protons (Figs 1 and 2) as a 
function of pH. 

The 7, values of both the C: and A 5 protons of fresh 
solutions of imidazole (0.073 M) in 0.1 M sodium chloride in 
deuterium oxide, showed a minimum at about neutral pH 
(Fig. 3). Measurements made in the absence of (paramagnetic) 
oxygen by freeze-thawing five times under high vacuum then 
sealing the tubes, showed an even more pronounced minimum 
in the data (Fig. 3). Similar results were also observed for 
histidine, including degassed samples (Table 1). Increasing the 
salt concentration by a factor of ten in non-degassed samples of 
imidazole resulted in no significant change. The imidazole 
concentration was also decreased by a factor of ten and the 
absence of any change eliminated the possibility of inter- 
molecular association as the origin of the pH dependence 
(Fig. 3). 

Values measured in the presence of 10 M ethylenediamine 
tetra-acetate (EDTA) increased at neutral pH (Table 1 and 
Fig. 4). By contrast, the addition of 10°-10°° M Cu?> resulted 
in an expected lowering of the 7, values of the ring protons at 
neutral pH, but had less effect in acidic or basic solution 
(Table 1 and Fig. 4). These results indicate that the phenomenon 
of the minimum in the pH dependence of the T, values of the 
imidazole protons arises from the binding of paramagnetic 
metal ion impurities in the samples at concentrations of 
107 M or below. At low pH these ions would be displaced by 
deuterons and at high pH would bind more strongly to 
deuteroxide ions. The T, value of H,O is reported to show no 
pH dependency’, (No significant pH dependence was 
observed for the 7, value of HDO in the present work, even in 
the presence of 7x 10 M Cu?* ion, as expected'*,) 

If the pH dependence of T, values were to be explained by a 
change in the correlation time (t9) of the imidazole ring at 
different pH values, this would require, for example, a fifteep- 





fold change in t, of the imidazole C, proton between pH 1.4 
@ 
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Sample pH Conditions* = = C3Ħ CaH 
His 0.0 Degassed’ 18 > 1.0 9,9 0.5 
4.6 Degassed B70 4: 0.5 iG } 
11.5 Degassed. 24 420 154 3 40 
Im A 6.77 ge 504 so 0.08 647 wie GY ee: 
EDTA ade 
6.77 (10 M} 124 = 61 13.2 + 6.1 
Im B 7.1 —— BAN t D14 B19 e 0.03 
EDTA > 
Ta (10 M) 26 +02 145 +02 
EDTA 
71 Degassed i444 04 ER üi 
Im C 9.46 —— 2.21 + 0.07 sid + O68 
EDTA. 
9.46 (10+ M} 13.79 + 0.21 14.62 = O¢ 
Im D 0.7 Cu® 
(7 x 107M) 21.9 = 1.8 IBA G.2 
im E 3.43 merem 213 + 03 LBL] T 
Cu® al 
3.43 (7 x 10°%M) 106 +02 11.6 + @2 
Im F 7.1 cu~ 
15 x 106M) 0.35- 002 0.33 + 0.02 
Im G 7.1 Cu 
(3 x 10M) 0.20 = 0.08 0.37 + 0.05 
Im H 0.7 Im Dil x 10 331 + 6.7 ii Hgg 
EDTA 
(107? M) 
Degassed 
Imi 33 Degassed S18. 24 26.6 
Im J 6.9 Degassed 0.83 + 004 1,31 - 
Im K Fl Degassed F, b LI 3.14 - 







* Unless otherwise stated imidazole is 0.073 M in 0.1 
Most values for imidazole shown in this table are 
Figs 3 and 4. Me 

+ At pH 7.1 the C2 and C4 or lines are extremely broad withe 
presence of 7 x 10° MCu* 





and 7.1 in the degassed samples. The viscosity of water is 
relatively insensitive to pH, and such a large change in t, is 
considered unlikely. 

Estimates of the 7, values for a nucleus can be made on the _ 
assumptions that only intramolecular dipole—dipo č = 
are effective, and that rapid isotropic motion is cx 
Since the C, and C, protons effectively relax each ¢ 
values for these protons in acid pH are about half 
C, proton. At neutrality, however, the ratio of the Ty 
reversed (Table 1). This implies that the relaxation t 
dominated by the paramagnetic ions present, and that these 
spend more time on average closer to the C, proton ‘than the 5 
C,.5 protons. 

Calculations were made of the effect of protonation of the 
imidazole ring on the 7, values?’ using the geometry determined 
by X-ray crystallography'®. Results indicated only a small 
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220 MHz Ga ona Varian 220 FT AA a Rohe at 50 4 $ 
A single (g, 180°, 7, 90°) pulse sequence was used, where dis a acu 

time (d > 57,) and f is a variable time. At short values of z the si 
are recorded as essentially inverted by the 180° pulse, while a 
values of ¢ they approach their maximum intensity value (1c). 
* T, values determined in this case were C,H, 20.6 + 0.30 s: Cy, 

17.6 + 0.30s. Values of pH are direct meter readings: in IRO fref 12). 
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) ange i in the Ty value of both the C, and Ce r protons would be 
expected on protonation of the ring assuming t, the same in both 
: cases. This effect would probably be comparable with errors in 
- the 7T, measurements. The increase observed in the T, values 
“at low pH for the imidazole protons in histidine seems to have 
< been mistakenly interpreted to indicate the titration of the ring’, 
rather than the pH dependence of the binding of paramagnetic 
impurities. 

Sodium chloride was used in these experiments to act as a 
reservoir of ionic strength to avoid change in this parameter 
when pH changes. Similar experiments with proteins would 
require a salt or buffer for reasons of solubility. Thus, the 
levels of impurity observed in these experiments are not above 
a reasonable value for practical applications of this technique. 

Analyses of highly purified imidazole grade II (Sigma) by 
‘atomic absorption gave 0.17 x 107 mg Cu?*+ mg™ imidazole or 
0.12 x 108 M Cu?+. The sodium chloride used in these 
experimen was Baker Analyzed reagent, with a specified 
“heavy metal analysis including iron of 0.0002 %. Analysis of the 
copper content in the standard 0.1 M NaCi-D,0O solution used 
- gave a value of 2 x 10° mg Cu’? mi”, corresponding to 
8 x 10° M. Low temperature electron spin resonance (ESR) 
-spectra of the solid NaCl and imidazole showed negligible 
amounts of paramagnetic material present. Further, the use of 
1.0 M NaCl gave only a slight decrease in the 7, values at 
neutral pH (Fig. 3) indicating that the extra NaCl did not 
provide a substantial increase in the level of paramagnetic 
-impurity above the background range of approximately 
107 M. 
In view of the effects of degassing (Fig. 3) and EDTA (Fig. 4) 
_ separately on the 7, values of the imidazole protons, experiments 
“iwere performed by degassing in the presence of 10 M EDTA. 
$ expected, T, values of the imidazole protons were increased, 
ut there was still a minimum in the pH dependence (Fig. 4). 
s implies that the EDTA does not completely scavenge metal 
dons, allowing partial interaction with imidazole at neutral pH. 
Indeed there is evidence for the formation of a ternary copper- 
EDTA-imidazole complex", as for many other such combina- 
 tions®*1, To test whether such a complex was being formed in 
our experiments, we reduced the ratio of concentrations of 
_. imidazole:EDTA by two orders of magnitude. If EDTA was 
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ve Fig. 2 Plot of the log of the intensity difference at time t (o -~ fr) 

gainst t derived as in Fig. 1. The equation provides the best straight- 

<- line fit to the data, the slope of the line then gives the value of Te. 

=. The value of the intercept B theoretically equals In (2/0). Imidazole 
pH = 3.43; T, = 21.29 + 0.32. 
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pH 


Fig. 3 Plot of the spin-lattice relaxation time (7,) against pH for the 
C, proton of imidazole. Unless otherwise shown, all measurements 
were carried out in 0.1 M NaCl-D,0 in undegassed samples. The 
curves are hand-drawn indications of the pH dependence. The 
standard error in the 7, determinations (Fig. 2) varied with the value 
obtained, for example, for the degassed samples for C,H, pH 1.40, 
T, 66.5 + 0.7 s; 6.07, 10.6 + 0.4 s; 10.50, 20.8 + 0.6 s. 0, De- 
gassed; ©, Undegassed: Ly, diluted ten times; Y, 1.0 M NaCl. 


effectively scavenging metal ions the T, values of the imidazole 
protons would be expected to increase. But if a ternary complex 
was being formed, the 7, values would be expected to decrease. 
In fact, a significant decrease in the T} values was observed for 
7 x 10° M imidazole with 10°? M EDTA (Table 1) in degassed 
samples, supporting the formation of a ternary complex. 

The sensitivity of spin-spin relaxation times (7,) of purine 
proton resonances to impurities of copper ion at concentrations 
of 10 to 10-5 M has recently been emphasised**-**. In the light 
of such considerations, T, evaluations from line width studies, 
particularly as a function of pH, must be treated with caution, 
except where the binding of paramagnetic ion well beyond the 
impurity level is being studied*®. Calculations of T, from the 
line widths of the imidazole proton resonances in the presence 
of Cu?+ in this work show that T, ~ 10 T}. Thus, calculations 
based on the common assumption that 7, ~ 7, for such 
systems are probably in error. An increase in the line widths 
of imidazole proton resonances at intermediate pH values 
commonly observed may result at least in part from the pH 
dependence of the ion binding reported here, rather than 
the pH dependence of the protonation rate**?’. Thus, the 
interpretation of line widths of resonance in proteins in terms 
of structural effects?* may be difficult. 

T, values reported for the C, proton of imidazole residues in 
proteins have been interpreted to be due to the close approach 
of protons on other residues in the folded tertiary conformation 
of the native strugture**. Due to the reciprocal relationship 

e (1/T,) abs G/T) intrinsic ae (1/T,) para a 
ethe% effect of paramagnetic species would be expected to be 
a greater on protons with intrinsically longer, rather than shorter, 
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Table 2 Spin-lattice relaxation times (T,) of imidazole protons of 
histidine residues in several proteins 


Histidine 
Protein residues Salt PH T, ($) 
Hen egg white lysozyme 15 0.1 M NaCl 1.4 0.69 + 0.02 
OLIM NaCl 3.6 0.93 + 0.03 
~ OAM NaCl 43 0.90 = 0.03 
0.1 M NaCl 6.0 0.82 + 0.06 
Human lysozyme 78 0.1 M NaCl 3.0 2.65 +. 0.07 
0.1 M NaCl 6. 0 1.33 + 0.04 
RNase A 105 0.1M NaCl 1.7 0.88 + 0.05 
(H-1): 
O O.1M NaCl 34 1.02 + 0.04 
~~ O.1M NaCl 6.0 1.07 + 0.06 
| 0.2 M $5.7 1.09 + 0.02 
CD,COONa 
| 0.2 M 5.5* 0.77 + 0.03 
| — CD,COONa 
72: 01M NaCl 1.7 0.76 + 0.02 
HD 
O.1M NaCl 34 0.42 + 0.02 
0.1 M NaCl 6.0 0.39 -+ 0.04 
0.2 M 5.7 0.92 + 0.04 
CD,COONa 
2M 5.5* 0.28 +- 0.02 
-© CD .COONa 
H9: 01M NaCl 1.7 0.72 + 0.05 
(H-3) 
-= OLIM NaCl 34 0.41 + 0.02 
0.1M NaCl 6.0 0.82 + 0.04 
0.2M 5.7 1.07 + 0.03 
0.2 M 5.5* 0.40 + 0.02 
CD,COONa 
48 OLM NaCl 1.7 1.03 + 0.09 
(H-4) 
| = QILM NaCl 34 1.07 + 0.04 
0.1M NaCI 6.0 Not observed 
90.2 M 5.7 1.14 + 0.07 
CD ,COONa 
0.2M 5.5* 0.51 + 0.03 


CD ,COONa 


Values were calculated as an in Fig 2. It is not easy to measure T; 
values of C, protons in proteins at pH > 6 due to the poor baseline 
from adjacent resonances. The four C, proton resonances in RNase A 
are resolved at only a few pH values. Assignments of the resonances 
(numbered H-1 to H-4 at pH 5.5) are taken from ref. 34. 

* From ref. 2, determined at 100 MHz at 33° C. 


T, (s) 





pH e 


Fig. 4 Plot of the ER relaxation time f T,) agaigst pH for the 
C, proton of imidazole in the presence of EDTA and Cu*+ ion. 


A, EDTA 10°M degassed; @, EDTA 10M undegassed; @, 
Cu2+ 7 x 10°M, 2 


e 


+ 

T, values. We have measured 7, values of imidazole resonances 
in several proteins (Table 2), and have observed values as long 
as two seconds for the single histidine residue present in human 
lysozyme. Indeed, the pH dependence in this case showed 
an increase in acid pH similar to the phenomenon seen in 
imidazole itself. The values obtained for bovine pancreatic 
RNase A under essentially the same conditions were longer 
than those previously reported*, as expected from the frequency 
dependence of T, values!=. The T; values observed may reflect 
the environments of the histidine residues in the structure of 
RNase A (ref. 29). In view of the known binding of Cu*~ ion 
to these residues”, however, and the phenomenon reported 
here for imidazole, such interpretations may not be justified, 

The above considerations may mot be as important for 
groups which do not bind metal ions. Nor would such a large 
effect be expected for the T, values of carbon nuclei obse ved 
by °C NMR. Other studies, however, have indicated the 
sensitivity of C resonances to paramagnetic tee ii i 
In view of the above, interpretations of regional unfald 
denaturation of proteins from relative values of T, ü I 
must be viewed with some caution, and may also reflect local 
changes of ion binding on changing solution condit 
conformation. Addition of EDTA to protein solutions ry 
simply solve the problem of such measurements since - 
binds to some proteins®*. For many other proteins, 
requirement for a metal ion®**, which although not 
paramagnetic may be accompanied by sufficient paramnag 
metal ion impurity to affect the 7, values significar 
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Detection of metabolic carcinogen 
intermediates in urine of carcinogen-fed 
rats by means of bacterial mutagenesis 


< SeveraL developments suggest the possibility of a new 
“means of assessing the exposure of human populations to 
< chemical carcinogens. Carcinogens such as 2-acetylamino- 
~fluorene (AAF) and p-dimethylaminoazobenzene (DAB) 
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have been shown’™' not to be carcinogenically active agents 


themselves, but to be converted into such agents by meta- 


bolic processes in the target organs (in these instances, liver). 
These studies also show that actively carcinogenic metabo- 
lites (as well as other metabolic products which are not 
carcinogenic) may be excreted in the urine, apparently as 
glucuronides*’. Similar results have been obtained with 
human subjects ingesting aflatoxin Bı from contaminated 
peanut butter’. 

Miller et al. showed that active AAF-intermediates 
are mutagenic in a test system involving in vitro 
interactions with transforming DNA followed by inocula- 
tion of the latter into a suitable strain of B. subtilis". More 
recently Ames ef al. have found that 18 of 20 chemical 
carcinogens that were studied are highly mutagenic toward 
Salmonella typhimurium test strains if they are incubated 
during exposure of the bacteria in a partially purified liver 
homogenate (a 9,000g supernatant)". These observations con- 
siderably reduce the disparity between carcinogenicity and 
mutagenicity of organic compounds, which has until now 
discouraged the use of mutagenesis as a test for carcino- 
genicity. The technique developed by Ames et al. is simple, 
rapid, and sensitive (capable of detecting less than 1 ug of 
AAF) and hence well adapted to screening of environmental 
samples. We have investigated whether, in rats exposed to a 
carcinogen, metabolic intermediates of the latter can be 
detected in the urine by means of their mutagenic activity 
in the Salmonella test system. 

Control male Holtzman rats were maintained on a bal- 
anced semisynthetic diet (see ref. 9 for details); experimen- 
tal groups were maintained on the same diet supplemen- 
ted with 0.67 mg g` of AAF or 0.6 mg g` of DAB. The 
animals were supplied with distilled drinking water ad 
libitum. At one week intervals after the onset of feeding, 
two rats from each group were placed in separate collecting 





Table 1 Mutagenic substances in urine of rats fed control and carcinogen-containing diets 





Sample Treatment No. of colonies* Equivalent 
conc. of 
Equivalent -glucuronidase Total No. per AAF in 
ee Diet vol. of and Liver no. per plate per ml urine 
.. {no. of weeks) Type urine (m)  Taka-diastase preparation plate urine pg mit 
— Control (1) 3 x conc. f 0.9 — — 16 — E 
=o Control (1) Direct 0.3 as + 27 ~_ S 
co. Control (2) 3 x conc. 0.9 — — 14 — ms 
oo Control (2) 3 x conc. 0.9 ~ + 33 — — 
= Control (3) Direct 0.6 — — 18 mmm se 
oo. Control (3) Direct 0.6 = + 25 — —_ 
~~ Control (3) Ether extract§ 0.9 + = 12 —_ a 
oo. Control (3) Ether extract 0.9 =f ae 22 = -— 
oo Control (4) 3 x conc. 0.9 — — 18 wo —— 
~ Control (4) 3 x conc. 0.9 =- -4- 35 ne — 
AAF (1) 3 x conc. 0.9 — “= 63 70 0,25 
AAF (1) Direct 0.3 — + 341 1,137 5.2 
AAF (2) Direct 0.6 — == 56 93 0.35 
AAF (2) Direct 0.6 -= + 1,947 3,245 16.0 
AAF (2) Ether extract 0.9 + 175 194 1.0 
AAF (2) Ether extract 0.9 + + 3,672 4,060 20.2 
AAF (3) Direct 0.6 — — 153 255 1.1 
AAF (3) Direct 0.6 — + 2,292 3,820 18.9 
AAF (3) Ether extract 0.9 +- =- 207 230 1.1 
AAF (3) Ether extract 0.9 + a 6,348 7,053 35.1 
AAF (4) 3 x conc. 0.9 = — 46 51 0.16 
AAF (4) 3 x conc. 0.9 = H 1,842 2,047 10.1 
DAB (4) Direct 0.3 = -—- 15 aon — 
DAB (4) Direct 0.3 — + 28 — ~~: 
DAB (4) Ether extract 0.9 + — 26 — ~ 
DAB (4) Ether extract 0.9 + ob 479 532 m 
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Table 2 Analysis of mutagenic constituents of urine 





eee LAA LACT ANN NIE TRAIAN MERAY TAEAE Chu A CUume AK nbn BAU LENA SVM AW VAI aim rite AOAR A A ANNAS 


Urine sample 


Ether extract (1) 
| 
i 
| 
| | 


With liver prep. 
1,820 colonies. 
2.3 pg mit F 


With liver prep. 


1,624 colonies 
1.9 ug mi“ 


Without liver prep. 
76 colonies 
0.08 ug mi“ 


Aqueous fraction 
E 
Incubated with B-glucuronidase 
and Taka-diastase 


hf 


tant non ein I AAA amy aa: 


Ae re errant tutte re PORTA el Ate rine t 


Ether extract (2) | Aqueous fraction 


| | 
| | r 
| Acid hydrolysis ” 
| | 
f į 


Without liver prep. | 
696 colonies 
0.8 ug ml“ 


| 
i 
j 
$ 


Ether extract (3) = Aqueous fraction 


| 

j 

| ; 

i i 

: 
[fo Discarded 

; 

| 


With liver preparation Without liver preparation 
319 colonies 292 colonies 
0.3 pg mi 0.3 pg mi” 





21 ml of urine, adjusted to pH 7 and diluted to 75 mi with water was mixed with 60 mi of 0.1 M pH 7 phosphate buffer and extracte d four 


times with 50 mi aliquots of ether (1). The aqueous phase, freed of ether, was incubated for 16 h at 37°C with 3,200 units each g 
B-glucuronidase and Taka-diastase (Sigma). After cooling it was extracted four times with 50 mi aliquots of ether (2). The aguer 
was adjusted to pH 1, refluxed 15 min, neutralised, and extracted four times with 50 ml aliquots of ether (3). The ether extracts (13, d 
were evaporated and residues dissolved in 2.6, 2.5 and 2.0 ml of DMSO respectively. 0.5 ml aliquots were used far each = 
represented 4, 4.2 and 5.25 ml of urine for ether extracts 1, 2 and 3 respectively. The procedure is similar to that deseribed in r 

colony counts per plate (test strain TA 1538) are given. Concentrations of mutagens are approximated as described in Table - 


cages and urine samples were collected for 24 h. The 
samples were frozen until analysed, and sterilised by Milli- 
pore filtration before use. 

Tests for mutagenicity were carried out according to the 
procedures developed by Ames et alf, using a strain of his- 
tidine-negative S. typhimurium (TA 1538) kindly supplied 
by Dr Ames. In this procedure, the sample to be tested is 
mixed with aliquots of a 9,000g supernatant prepared from 
a homogenate of normal rat liver, and with 
the bacterial inoculum incubated on an agar nutrient 
medium lacking histidine. Colonies that are formed in this 
medium represent reverse mutations of the original histidine- 
negative genome to histidine-positive. Counts of revertant 
colonies were made after 48 h of incubation at 37° C. All 
tests were made in duplicate; colony counts are reported as 
averages of the two values. 

First we carried out a calibration experiment to determine 
the number of mutant colonies of S. typhimurium TA 1538 
produced when a series of known amounts of AAF were 
incubated with the 9,000g supernatant. The results showed 
a linear response in the test range (0-50 wg of AAF, that is 
0-0.2 mM concentrations of AAF in the final test solution) 
yielding about 200 colonies per ug of AAF with a blank 
value of 20 colonies in the absence of added AAF. 

Table 1 shows that when rats are maintained on a normal 
diet for a 4 week period, weekly tests of urine samples 
show no significant variation in the number of revertant 
colonies produced either in the presence or absence of the 
liver preparation. AAF-fed rats excréte én their urine con- 
siderable concentrations of mutagenic substan@es. In the 
absence of liver preparation, the urine samples obtdinetl 


-cleasing intermediates from their conjugated forms. 











in successive weeks, yielded respectively, 70, 93. 295 and 41 
colonies per ml urine. These values are sufficiently above 
the control value (16 colonies per plate) to suggest the pre- 
sence of intrinsically mutagenic substances in these unne 
samples. The evidence relative to the presence of activatable 
mutagens (that is those activated by exposure to the liver 
preparation) is unequivocal: in the presence of the | 
preparation between 1,137 and 3,820 colonies per mi of 
urine are observed. 

Also shown in Table 1 are the results of tests in which 
the urine samples were incubated with a mixture of S- 
glucuronidase and Taka-diastase. The incubation mixture 
was then extracted with ether, the extract evaporated to 
dryness, taken up in DMSO (dimethylsulphoxide) and tested 
in the usual way (see Table 2 for details of this procedure), 
As shown in Table 1, this procedure considerably increases 
the mutagenic activity of the samples, both in the presence 
and absence of the liver preparation. These data indicate 
that part of both the inherently active intermediates Ghat 
is, those which do not require activation by the liver prep- 
aration) and of carcinogen intermediates that become active 
only on treatment with the liver preparation occur in the 
urine as glucuronides. 

DAB was one of the two carcinogens among the 20 tested 
by Ames et al., which failed to yield mutagenic activity on 
incubation with the liver preparation. We also found (Table 
1) that uriné samples fré6m DAB-fed rats tested dir scthy by 
the AmeS method show no mutagenic activity. 















But wher 
tested according to the procedure (described above) for 
in this way 








cant mutagenic activity is observed. Tested 








852 


E 
urine from DAB-fed rats produced 532 revertant colonies 
per ml of urine, in the presence of the 9,000g supernatant. 
Thus, DAB-fed rats excrete in their urine glucuronides of 
intermediates of the carcinogen tha. are mutagenically 
active in the presence of the liver preparation, following 
removal of the sugar residue. 

By means of suitable extraction and incubation pro- 
cedures, similar to those used by Weisburger et al.', it is 
possible to estimate the contribution of the several constitu- 
ents to the overall mutagenicity of urine samples. The 
results of such an experiment, using urine from rats main- 
tained on the AAF diet for 1 week, are shown in Table 2. 
In this experiment the following constituents were found in 
the urine sample, expressed in amounts equivalent to AAF: 
(1) activatable, unconjugated mutagen (probably AAF of 
faecal origin), 2.3 »g ml~'; (2) intrinsically active, uncon- 
jugated intermediates, 0.08 »g ml~' (an amount of marginal 
significance in this assay); (3) glucuronides of intrinsically 
active intermediates, 0.8 »g ml~'; (4) glucuronides of activa- 
table intermediates, 1.1 „g ml~™ (1.9-0.8); (5) acid-hydro- 
lysable esters of intrinsically active intermediates, 0.3 yg 
ml-'. Thus of a total about 4.5 ag ml“ of carcinogen-derived 
material, 2.2 ug ml is certainly of urinary origin and rep- 
resents both inherently active and activatable intermediates 
of AAF. Since the mutagenic activity of the urine of DAB- 
fed rats becomes evident only after treatment with 8- 
glucuronidase and Taka-diastase all of this activity must be 
due to glucuronides of urinary origin. 

Thus metabolic intermediates of AAF and DAB can be 
detected in the urine of rats fed on diets that contain these 
carcinogens by means of tests based on mutagenicity 
towards a strain of Salmonella typhimurium, while the urine 
of rats on normal diets yield no significant response in 
these tests. This procedure should be applicable to the 
detection of exposure of human populations to carcinogens. 
Preliminary tests using human urine are in progress. 

This work was supported by grants from the National 
Institutes of Health. 

Note added in proof: After the completion of this work 
we learned that similar results have been obtained by Ames 
and Durston (Proc. natn. Acad. Sci. U.S.A., 71, 737; 1974). 
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Primary defect in copper transport 
underlies mottled mutants in the mouse 


Tue results presented here show that a primary defect in 
copper transport underlies the mottled syndrome in the 
mouse. The X-linked mottled mutants thus offer an excellent 
system for the study of mammalian copper metabolism. They 
also provide an animal model of the inherited human copper 
deficiency, Menkes kinky hair disease'~, which is also X- 
linked. 

A number of different mutant alleles at the mottled locus 
are known and these are listed, together with their pheno- 
typic effects, in Table 1. In all cases where the male hemizy- 
gote survives beyond birth, the resulting mouse shows a 
severe dilution in hair pigment (Fig, 1), although the indivi- 
dual hairs are pigmented at their tips, together with an 
altered hair structure’ and curly whiskers. A persistent 
neurological disturbance is also apparent, consisting of a 
mild sustained tremor and general inactivity’. The more 
severe alleles Mo and Mo” die respectively in utero and at 
birth, and extensive skeletal defects have been reported in 
Mo" hemizygotes and heterozygotes’. 

Recent work' has demonstrated a severe deficiency in 
central noradrenaline (NA) levels in Mo’ and Mo*’" males 
and this has been traced to a reduced in vivo conversion 
of dopamine to NA by the enzyme dopamine-beta- 
hydroxylase (DBH)". A deficiency in NA was also found 
in mice hemizygous for the viable allele Mo" (Table 2). 
But direct in vitro estimates of DBH activity in Mo” and 
Mo?! brain tissue (Table 2) showed an elevated activity, in 
contrast to the in vivo situation. The DBH assay used’! 
contains exogenous copper to inactivate endogenous inhibi- 
tors of the enzyme. Since DBH is a copper-containing 
enzyme with a cofactor requirement for cupric ion™, the 
difference between the in vivo and in vitro results may 
reside in a copper deficiency in mutant brain tissue. 

Estimates of liver and brain copper levels (Table 3) con- 
firm the presence of a copper deficiency in Mo’. The 
accumulation of copper in the intestinal wall indicates that 
uptake from the gut lumen is normal but that the general 
body deficiency arises from a defective transport within the 
intestinal epithelial or mucosal cells or across the membrane 
on the serosal aspect of these cells. To test this interpreta- 
tion, the in vitro uptake of isotopic copper (*Cu) into 
intestinal cells from Mo" males and normal littermates 
was examined. Segments of intestinal wall were incubated in 
Krebs—phosphate buffer containing 1 mg ml~* bovine serum 
albumin and 1 wg ml “CuCl The results (expressed in 
ng “CuCl: per 5 min per g + s.e.m.) at 0°C (normal: 
65.9 + 11.9; Mo’: 68.5 + 11.5) and at 37°C (normal: 
131.7 + 27.4; Mo": 138.9 + 27.7) confirm that the initial 
uptake into the intestinal epithelium is not defective. 

Serum copper is largely contained in ceruloplasmin”. 
Ceruloplasmin levels were estimated by the method of 





Fig. 1 A rare surviving Mo” male. 
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Table 1 Phenotype characteristics of alleles at the X-linked mottled locus in the mouse 





Allele Male hemizygote 
Blotchy (Me”’) Pale fur, curly whiskers. 
| Viable and fertile. 

Brindled (Mo”) Pale fur, curly whiskers. 

Pare Dies at about 14 d post partum. 
Dappled (Mo) Pale fur, curly whiskers, skeletal defects. 

ima Dies at birth. 

Mottled (Mo) Lethal in utero, 


Viable-brindled (Mo) 


Pale fur, curly whiskers. 
Reduced ocd and sterile. 


Pe cD pe NPN ne mM meen Sa RNIN 











Female heterozygote 


Variegated coat colour, curly whiskers. b- 
Viable and fertile. ; 
Variegated coat colour, curly whiskers. 7 
Viable and fertile. 
Variegated coat colour, curly whiskers, skeletal defects. $o 
Viable and fertile. i 
Variegated coat colour, curly whiskers. 7,9 
Viable and fertile. 7 
Variegated coat colour, curly whiskers. =. 


Viable and fertile. 





Ravin’. The results Gent 6.52+0.60; Mo’: 4.33+0.50 
expressed in As» units per h per ml serum + sem. 
show a significant reduction (P=<0.01) in ceruloplasmin 
concentration in mutant mice. The precise function of ceru- 
loplasmin is stil] obscure but it is unlikely that it represents 
a copper transport protein since the copper content of 
ceruloplasmin is not exchangeable in vivo’, Ceruloplasmin 
may function in the maintenance of a copper balance” and 
its reduced level in Mo supports this interpretation. 

The experimental findings are consistent with a deficiency 
in copper transport and the relationship of a copper 
deficiency to the different pleiotropic effects of these 
mutants indicates that it is probably primary. The initial 





Table 2 Brain noradrenaline and in vitro activity in Mo” and 
Mo 34 and normal (+) littermates 


Age %4 differ- °%, differ- 
(d) NA ence from DBH ence from 
. normal normal 
+ 7 L eae 19{6)T | 33.14+2.39(13) 
Mo” 7 0454 0100F —66.7* 48.81 42.9212) -+47.3* 
+ 28  1.96+0.0%6) 33,02 + 3.20(6) 
Mott 28 =: $..34 + 0.06(6) : -——31.6* 77.63-+.5.26(6) +135.1* 





DBH activity was assayed by the method of Molinoff ef al.™ with the 
following modifications. Brains were homogenised in 10 volumes of 
0.005 M Tris-HC1 buffer pH 6.0 containing 0.2% Triton-X100 and 
assays carried out using tyramine as substrate and a final concentra- 
tion of 3.25 x 10° M CuSO,. NA was assayed by the method of 
Anton and Sayre”? as previously modified”. DBH activity is ex- 
pressed as nmol octopamine g* h7 + s.e.m. and NA concentration 
is expressed in nmol g? + sem. Numbers in parentheses refer 
to number of mice used. 

*Significance at the 1% probability level. 

+Data previously published’. 


effect of a copper deficiency will be on the copper-requiring 
enzymes and the reduction in the in vivo activity of DBH 
has already been described. The elevated in vitro activity 
of this enzyme may be a reflection of an increased synthesis 
of the enzyme protein in response to the deficiency in NA 
biosynthesis. The neurological symptoms are consistent with 
a deficiency of NA”, although a reduction in cytochrome 
oxidase, another copper-dependent enzyme, may contribute. 
The virtual absence of hair pigmentation can also be 





Table 3 Copper levels in brain, liver and intestinal wall from 7~10 d 
Mo" 33 and normal (+) littermates 





- Mo” % difference 
2 . from normal 
Brain 2.43 4.0.27(7) 1.434.0.24(7) —41.1* 
Liver 24.234 1.98(6). 9.37 1.14(6) +61.3 
Intestinal wall 4.39 -+0.87 12) 10.13- 1.84(12) +- 131.3" 





Tissue copper levels were estimated by the spectrophotometric method 
of Carter’, Tissue homogenates were hydrolysed with 2N HCl and 
precipitated with 22.6% trichloroacetic acid. After centrifugation, 
0.5 mi of glacial acetic cad containing 40 ug dicyclopentamethylene 
thiuram disulphide was added to 1.0 ml of tissue supernatant and 
absorption determined after 10 min at 420 nm. Appropriate standards 
and blanks were carried through the progedure. Copper levels are 
expressed In pgg? t sem. — 
“Significance at the 1% probability level. : 


Numi er ts in parentheses refer to numbers of mice used. 











The variegated appearance of the mottled heterozygote 





the ae of tyrosinase, the rst enzyme in ae melani na 
biosynthetic. pathway. The pigmented tip of each hai 
may arise from an initial but rapidly depleted copper 
store in the hair follicle. | 

Aortic aneurism arising from the fragmentation of the 
internal elastic lamina of the arterial wall has been re 
in a number of mottled alleles® and it is significa 
the formation of cross linkages between lysine f 
in the synthesis of elastin and collagen is a v 
dependent process”. Recent results indicate a f 
elastin cross linking in mottled mutants and the | 
dase identified in chick bone collagen” seems a Hk 
date for the action of the copper deficiency. The skel 
fects may similarly arise from a defective synthesis € 
collagen. The formation of disulphide bonds in 
is also copper dependent, suggesting defective keral 
thesis as the basis of the curly whiskers and alter 
structure. 

Copper deficiency has been shown’ to underlie the 
human X-linked progressive brain disease, Menkes 
hair disease’. The phenotypic effects of this muteni in i 
abnormal white hair, altered hair structure’, and arteria 
disease’. Copper levels are depressed in liver and serum, 
and the accumulation of copper in the intestinal epi i 
directly parallels that in the mottled syndrome 
Catecholamine biosynthesis has not been examined. 
the reported hypothermia” indicates that a dehcwenc: 
NA may be present. 

Phenotypic variegation arising from random X tmactiva- 
tion* in a female heterozygote for an X-linked coat colour 
mutant depends on the cell autonomy of the mutant defect. 




















would therefore argue for the presence of the copper trans- 
port defect in the follicle and pigment cells of the skin, 
and possibly elsewhere. Copper-deficient cells would be 
expected to be at a selective disadvantage in competition 
with their normal counterparts, leading to a progressive 
dilution of mutant cells during development. The pro- 
gressive darkening of Mo” heterozygotes with age” supports 
this conclusion. 

I thank Drs J. Axelrod and R. Ciaranello of the National 
Institute of Mental Health, Bethesda, Maryland, for a 
sample of purified phenylethanolamine-N-methyl-transferase 
for use in the DBH assay, and Miss K. McGuilveray for 
technical assistance. The work was supported by a Project 
Grant from the Medical Research Council. 
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Uptake of radioactive 
DOPA by M. leprae 


THE inability to culture Mycobacterium leprae in vitro 
has been a great obstacle to the progress of research in 
leprosy. This obstacle has been in part overcome by the 
introduction of the morphological index for the assessment 
of the viability of M. leprae, although the index is relatively 
crude. Biochemical studies™? have revealed the specificity 
of the enzyme o-diphenoloxidase in relation to M. leprae 
as opposed to other bacteria included in the genus of 
mycobacteria. o-Diphenoloxidase oxidises 3,4-dihydroxy- 
phenylalanine (DOPA) to quinone. 

It seemed possible that DOPA might be a metabolite of 
the living bacilli and that radioactive atoms within the 
molecule would become incorporated into macromolecules 
within the living organism. We have shown this to be the 
case by high resolution autoradiography. Bacterial suspen- 
sions were prepared by the homogenisation of biopsies from 
untreated patients without disruption of bacilli and from 
patients in early stages of treatment, with a relatively 
high morphological index. Drops of suspension were added 
to a smear of warm agar on coverslips and incubated for 
various periods up to 48 h in the presence of 5 aCi mi~' of 
*H-DOPA. The cultures were carefully washed and fixed in 
formol saline and then examined by autoradiography with 
Ilford K5 Emulsion as a thin film. 

The high resolution obtained made it possible to observe 
the grains on individual bacilli (Fig. 1) A number of 
bacilli were clearly labelled after 48 h and some were 
intensely labelled; granular bacilli were unlabelled. The 
heavily labelled bacilli were often seen as a small centre 
of compact organisms within a large group. These clearly 
labelled bacilli might originate from centres of active 
growth within the population. In a parallel test with `H- 
thymidine a few of the bacilli in the aggregates showed 
grains. Labelled bacilli were also observed after uptake by 
mouse peritoneal macrophages in culture. Drytz and Cline’ 
have observed labelling of some globi in human, peripheral 
blood monocytes using thymidine. The high resolution 
autoradiography combined with the use of DOPA shown 
here enables the metabolic activity of individual bacilli tę 
be assessed. 
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Fig. 1 Autoradiograph of M. leprae labelled with radio- 

active DOPA (5 pCi ml~' for 48 h). Patient in initial stages 

of treatment. Light staining for acid-fast bacilli to show 

contrast with dense silver grains. a, Unlabelled bacilli; b, 

separate bacilli showing one to three grains; c, small groups 
of densely labelled bacilli. 


By combining the use of labelled DOPA and labelled 
thymidine it therefore becomes possible to give, in addition 
to the morphological index, an assessment of metabolic 
activity (from DOPA labelling) and of rate of multiplica- 
tion (from thymidine labelling) for individual bacilli of 
M. leprae in a given population. Such measurements can 
be made on biopsy specimens from new patients and also 
during treatment of patients as described above. It should 
also be possible to use the test for short term bacteriological 
investigations in the laboratory (somewhat similar to those 
used in the study of effects on metabolism and growth with 
organisms which grow well in vitro) for example to test 
the effects on metabolism and growth of potential chemo- 
therapeutic agents, of immune serum and of lymphocytes. 
A more rapid method than autoradiography for assessing 
uptake of labelled metabolites is to use scintillation counting 
for bulk suspensions. Preliminary experiments measuring 
uptake of ‘H-thymidine by M. leprae by this method have 
also led to promising results. 

These methods do not obviate the need for the use of 
mouse footpad experiments to assess the growth potential 
of M. leprae in vivo*, particularly the use of immunologically 
deprived animals’. The most useful experimental approach 
in cell studies is generally to carry out parallel in vivo 
and in vitro investigations. The rapidity with which results 
can be obtained by the method described makes it attractive 
for a number of laboratory investigations. 
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Reduced susceptibility to scrapie 
in mice after steroid administration 


ANIMALS deficient in lymphoreticular function either by age, 
genotype or immunosuppression are more susceptible to 
infection by most known pathogens mainly on account of 
their depressed immunological responses. An intact lympho- 
reticular system (LRS), however, can itself contribute to disease 
by various mechanisms including: providing sites for multi- 
plication’, producing infectious complexes? and precipitating 
autoaggressive accompaniments and sequalae*. It is possible 
that a special class of this paradoxical relationship is exempli- 
fied by the slow encephalopathies of which the best understood 
is scrapie, others being kuru, Creutzfeldt-Jakob disease and 
mink encaphalopathy. In these diseases of the central nervous 
system, infection normally occurs by some peripheral route 
and there always seems to be an initial, probably obligatory, 
replicative phase in the LRS before gaining access to the 
ti ‘gan’. In spite of this involvement of the LRS, and 
indicating some very special relationship as its basis, there is a 
complete absence of conventional immunological responses. 
No scrapie-specific antibodies* or interferons’ have been 
found, and this is not due to any generalised depression of 
immune reactions’. Immunosuppressive techniques, which 
severely impair the functions of the B and T-cell elements 
of the LRS, do not affect the pathogenesis of peripherally 
injected scrapie***. Also congruent with an absence of immune 
responses is the non-inflammatory nature of the brain lesions 
even in the later stages of the disease!)?*, 

A number of findings, however, can be construed as indicating 
some positive relation between LRS function and the patho- 









Eti 

ae d . a? 

A f ; a 

> o 

8 F _-wnmee Dne mh m me we ome e e o ee a A rpk 
pa k. 30" ame Z ” 
2 - -7 
aA at ~” 

Vv ef — $ 

p fd æ” 

Peen i a me 

u AG i / ae 

z ; Pe 

— f a 
= I Pi / Pa 

Wa t 

pa “ 4 # 

ea "j S 7 

5 / a f 

$ g 

a + a” 
e” t F 7 
Gj ! 1 4 
l 200 300 


Incubation period {d} 


Fig. 1 Cumulative incubation periods for VL mice injected 
intraperitoneally (i.p.) as adults (21-42 d old) with 10% brain 
homogenate (500g, 10 min supernate) of 79A-strain scrapie 
agent (©) or 22C agent (a); with (— — —) or without ( ) 
the following high-dose prednisone acetate regime. Three days 
before the scrapie injection, 0.1 ml of a suspension of PA 
(250 mg kg") in 2%% Tween 20 in saline was injected subcu- 
taneously (s.c.) over the shoulder, and then, beginning the 
day after the scrapie injection, 21 daily injections of PA sus- 
pension (13 mg kg“) were given s.c. &s g maintenance dose. 
The controls received T ween 20 in saline only. Phe 0.02 ml 
aijocuons of scrapie in saline contained approximgtely, 
1,000 i.p. LD; infectious units. 








e particularly on B and T cells, are the basis of its 





















genesis of scrapie agents. Apart from the early) 
agent in these tissues!*, there is an increased in 
in splenectomised#* and spleenless mutant mnece* 
expected finding of decreased susceptibility te © 
injected scrapie in newborn micet; the demonst 
lymphocytes can become sensitised to scrapie-cdamag 
and the decreased levels of circulating polymorphonuc 
neutrophils soon after scrapie infection, 
In the light of these findings it is interesting to 
the pathogenesis of scrapie in young t 
modified by early injections of the anti-inflammat 
prednisone acetate (PA). Injections of PA in physi 
high doses on the days immediately before and afte 
peritoneal (.p.) injection of scrapie-infected brain hor w K 
results, unexpectedly, in prolonged incubation periods and € 
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Fig. 2 Cumulative incubation periods for VL mice of Cy 
ages injected with 79A scrapie agent, together with { 

or without ( ) a single moderate dose of PA. A 
79A brain homogenate to that used in Fig. i was ing 
into mice aged 22-46 d (©), 14-20 d {x} or on f 
birth (@) (using due precautions against leakage). Halt 
22-46 and 14-20 d-old animals received a single so. inje 
PA (SO mg kg") in 2% Tween 20 in saline 3 d before the s 

injection. No neonates were given PA treatment. 





proportion of long term survivors using an agent dose which is 
100°% lethal in untreated controls (Figs | and 2). As th es 
ee for the effect rise rapidly with the age of the host, : Hi 
possible that the drug operates on the same tissues as those 
responsible for the reduced susceptibility of neonatal miice to 
scrapie'®, 

Figure 1 shows the effect on incubation periods of injecting 
adult VL mice with 79A or 22C scrapie, ip., with or witnc 
short, intensive course of PA injections at high dose I 
during the first 3 weeks of infection. These steroid injec 
caused prolonged incubation periods, as judged by the or 
clinical disease seven months later, and a proportion » 
of long term survivors, that is, individuals still alive and j 
more than 200 d after the death of all mice without ste 
treatment. (In earlier pilot experiments sorne of these animals 
lived more than 700 d without contracting the disease although 
there were also some very late cases). 

Figure 2 shows the effect of age and of a much lower dose. 
of PA on the incubation period of 79A agent in YL ow pn: 
different ages between birth and 6 weeks. The single, { pee: 
injection of PA had no effect on the pathogenesis of the 
animals (22-46 d at the time of scrapie injection), but i 
longed the incubation period of the younger age group (i 
and caused 40% long term survivors. The cumulative 
curve for this latter group is very similar to that for the 
mice which were injected at the same time and with t 
dose of agent, but without a PA injection. | 

In spite of the fact that PA shares a number of imi 
suppressive effects with thymectomy’, and cyclophos 
and other drugs” it seems unlikely that these share 
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on scrapie incubation. It is not yet possible, however, to 
identify the relevant tissues or functions, which may indeed 
involve some that are not yet understood biologically™. 
Interim results from experiments to identify the relevant 
effects of PA show that: the kind of PA regime described 
seemed to have no effect on agent injected intracerebrally ; 
there was no agent in the spleen of PA-treated mice surviving 
without signs to 340 d after scrapie injection; neonatal in- 
jections of PA did not affect scrapie susceptibility permanently 
(that is, by a developmental effect); and a variety of other PA 
regimes have been shown to be ineffective in modifying scrapie 
incubation periods (initial high dose without the maintenance 
course in adult mice); or high doses of PA either 6 weeks after 
i.p. injection of agent, or after the onset of clinical signs. 

Before attempting to formulate detailed models based on 
these observations it will be necessary to be more specific about 
which tissues and cell types are involved. This will entail the 
use of otheresteroids and procedures, with different and more 
selective actions on various cell populations, together with a 
study of the dynamics of titre rise in those populations. We 
anticipate that macrophages, reticular cells, capillary sheath 
cells, polymorphonuclear neutrophils, mast cells, relatively 
steroid-resistant lymphocytes, various stem cells and sympa- 
thetic nerve terminals will yield the cell. types involved. Sympa- 
thetic nerve terminals are not an obvious choice but they have 
several attractive features and have been discussed in connec- 
tion with mink encephalopathy**. As a nervous, non-lymphoidal 
site of replication they would provide an explanation for the 
moderately high titres of agent found in organs such as the 
lungs, salivary glands and adrenals, and would permit the 
hypothesis that replication occurs in only one cell type instead 
of at least two. This hypothesis is more satisfactory in view of 
the fact that the onset of replication in both the periphery 
and the brain is controlled by the same gene**, furthermore, the 
metabolism of sympathetic neurones can be modified by high 
doses of glucocorticosteroids™. This possibility would not, of 
course, exclude a role for lymphoidal elements in the uptake, 
accumulation and transportation of agent. 

These findings carry the important experimental implication 
that attempts to encourage intraspecific passage of these 
‘slow viruses’ by immunosuppressing the prospective hosts 
may be self-defeating*®. As scrapie and other slow encephalo- 
pathies must infect by a peripheral route in the natural disease, 
a knowledge of the details of the early steps in their patho- 
gensis—especially as these include some natural mode of 
inactivation—could be relevant for devising prophylactic 
treatments. Further investigation of this steroid effect could 
help to identify some of these early steps in infection and agent 
inactivation, and help to explain why the lymphoid system 
appears to act as a ‘Trojan horse’ instead of a defence mechan- 
ism in these diseases. 
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Absence of a pilus receptor 


for filamentous phage [Ke 


PLASMID-SPECIFIC filamentous bacteriophages have been known 
to attach to the tips of certain pili present on the surface of their 
Escherichia coli or Salmonella typhimurium hosts; the synthesis 
of these appendages is determined by specific plasmids which 
reside in the host cell'~*. As well as providing receptor sites for 
such phages, these pili have been found to be essential for the 
conjugal transfer of the plasmids** and some hypotheses of 





e 
. Fig: 1 The attachment of IKe particles to the surface of 
E. coli RM98* cells (= 81,600). The scale represents 100 nm. 
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Table 1 Adsorption of M13 and [Ke to formalin killed F42* and RM98* cells 


Experiment Plasmid Phage MOI Treatment of 
cells 

A* F42 M13 20 Unblended 
F42 M13 20 Blended 

B* F42 M13 20 Unblended 
F42 M13 20 Blended 

C* RM98 = IKe 20 Unblended 
RM98 IKe 20 Blended 

D* RM98 IKe 20 Unblended 
RM98 Ike 20 Blended 

Ef F42 Mi3 0.0007 Unbiended 
F42 M13 0.0007 Blended 

FI RM98 [Ke 0.0007 Unblended 
0.0007 Blended 


RM98 IKe 


Phage input C.p.m. ml~ recovered Unadsorbed phage 
(c.p.m. mim in phage/cell (% of input) 
phage/cell complexest 
mixture) 
13,500 393 
255 
7,000 123 
95 
19,700 226 
80 
16,900 234 
676 
77 
99 
83 oe, 
68 


* Phages were labelled with *H-thymidine. Phage/cell mixtures were layered on L broth containing 10% sucrose and centrifuged at 2,800 
r.p.m. at 4° C for 25 min (ref. 12). The pellets were resuspended in L broth and | ml aliquots counted after mixing with 10 ml aquasol (New 


England Nuclear) in a Beckman LS-250 liquid scintillation system. 


t The figures in this column have been corrected for background counts (30-40 c.p.m. ml) obtained from counting 1 ml of the uninfected 


plasmid-bearing culture in 10 ml aquasol. 


{ Formalin-killed cells were washed free of formalin on sterile Millipore filters before resuspending in L broth and infecting with phage. 
Phage/cell mixtures were centrifuged following incubation for 10 min at 37° C and the supernatant assayed for unadsorbed phage on Hfr or 


RM98* indicator strains. 

conjugal transfer consider that they are directly involved in the 
transfer process®:®. Previously, we have described a filamentous 
phage IKe, specific for the R factor RM98 and other R factors 
of the N compatibility group®. Here we describe evidence which 
indicates the direct attachment of IKe to the surface of its host 
which lacks an observable pilus-like appendage. 

An £. coli F` auxotroph, strain JE2571, unable to synthesise 
common pill or flagella was used as a host for RM98. This host 
was capable of synthesising F- and I-type pili following the 
introduction into it of the plasmids F42 and a derepressed 
mutant of Col I transferred from S. typhimurium LT2 Coll drd. 
Strains bearing F42 or RM98 were grown to logarithmic phase 
in L broth’; the CollI* strain was cultivated in trypticase soy 
broth. These conditions yielded cells which always showed 
maximum adsorption of the respective phages. Drops of these 
cultures were placed on carbon-coated, formvar-supported 400 
mesh copper grids. Dried grids were washed by touching the 
formvar surface of the grid to four drops of sterile distilled 
water. Shadowing was done at an angie of 11° with platinum- 
palladium or platinum-carbon in an Edwards High Vacuum 
Evaporator. The grids were examined in a Philips 300 electron 
microscope used at an accelerating voltage of 60 kV, at a main 
screen magnification of 14,000-35,000. The F42+ and CoilIt+t 
cultures showed their respective pili which were either surface 
attached or free. The RM98* strain showed neither surface 
attached nor free pili when we examined 10 grids prepared on 
three different occasions. We examined 1,300 isolated cells whose 
surfaces were clearly visible. At the magnification used, linear 
structures having a diameter of 5 nm or more should have been 
detected. Neither were any protrusions suggestive of very short 
pili observed. 

In a second and independent approach, we assumed that if 
pilus-type appendages attached to the surface were present, they 
would be mechanically removable by agitating the cells. This 
treatment is known to detach F pili from the surface of Ft 
celis?*14, 

L broth cultures of F42+ or RM98+ cells grown at 37° C to 
the logarithmic phase were chilled and treated with formalin 
(3.7% v/v) for 5 min. No viable cells could be recovered follow- 
ing this treatment which has been used to prevent the out- 
growth of F pili following blending". An aliquot of the formalin 
treated culture (40 ml) was blended at 0° Ç for 2 min at 10,000 
r.p.m. in a 250 ml polypropylene bottle of a Sorvall Omnimixer 
to yield the ‘blended’ preparation (Table 1). Each cell prépara- 


@ 


tion was infected with purified phage M13 or IKe; the phages 
were either labelled with *H-thymidine or unlabelled. Phage/cell 
mixtures were incubated at 37° C rather than at 0° C because 
IKe does not adsorb at the lower temperature. 

The results in Table 1 indicate a reduction in the ability of 
blended F42+ cells to adsorb M13. At high multiplicities of 
infection this reduction was 23-35% (Table 1, Experiments A 
and B) and 96% at low multiplicities of infection (Table 1, 
Experiment E) relative to unblended controls. Blended RM98* 
cells showed a two to three-fold increase in [Ke adsorption; 
this was observed at high as well as low multiplicities of infec- 





Table 2 Complex formation between IKe and RM98* cells at 
37° Cin L broth 


Incubation % cells with Numbers of IKe particles attached per cell 
2 


(min) attached IKe* 4 or more 
0 0.4 0.2 0.2 
i 5.24 4.5 9.5 0.24 
2 16.9 ` 15.3 1.6 
4 42.2 28.4 10.2 1.6 2.0 
7 42.6 26.2 10.4 4.9 1i 
10 43,4 24,1 10.4 6.0 2.9 





Phage/cell complexes were permitted to form at 37° C for 0-10 
min in L broth and chilled immediately to prevent further adsorption. 
The complexes were separated from unadsorbed phage as described 
in the legend to Table 1. Pellets from the sucrose centrifugation were 
washed with chilled water and used for making grids which were 
shadowed. 

* Three grids were prepared at each incubation time and at least 
150 isolated cells examined per grid. 


tion (Table 1, Experiments C, D and F). High speed blending 
of hosts bearing R factors of the N compatibility group has 
been reported to be ineffective in removing IKe receptors’’. 

This evidence indicates the absence of a pilus-type receptor 
for IKe. It was therefore reasonable to expect that the phage 
would be seen to attach directly to the cell surface on which 


the receptor was located. This was in fact observed (Fig. 1) 


when complexes formed after mixing phage and cells were 
examined either immediately or following incubation of the 
mixtures at 37° C. The only difference noted was in the numbers 
of cells whith showed attached phage particles (Table 2) but 
no differénce could be seen in the manner of this attachment. 
We conclude that a pilus-type receptor is not involved in the 
attachment of [Ke to RM98* cells when the latter are grown 


* in conditions which give a maximum specific susceptibility to 


858 


infection by IKe. We are now attempting to identify the 
location and nature of this receptor. 
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Photophosphorylation of an 
ADP analogue by spmach chloroplasts 


TuE mechanism of ATP synthesis during photosynthetic 
phosphorylation is not yet known. It has been shown, how- 
ever, that a coupling factor protein is necessary for coupling 
ATP synthesis to electron transport: An interesting mech- 
anism for photophosphorylation has been proposed?” 
whereby photosynthetic formation of ATP is brought about 
by transphosphorylation of two coupling factor-bound ADP 
molecules to form AMP and ATP. The AMP would then 
be rephosphorylated in a step dependent on electron trans- 
port to form coupling factor-bound ADP which would act 
as the high energy intermediate (which has been thought to 
exist) to phosphorylate another ADP molecule to ATP. 
We have used a,8-methhylene adenosine 5-diphosphate 
(AOPCP), an analogue of ADP, to determine whether ADP 
undergoes transphosphorylation to AMP and ATP during 
photosynthetic ATP formation. Since the two phosphates 
in AOPCP are linked by a _ non-hydrolysable-methylene 
group‘, this ADP analogue cannot ‘transfer its 8 phosphate 
in a myokinase type of reaction. Any photophosphorylation 
of AOPCP to a,f-methylene adenosine -triphosphate 
(AOPCPOP) would therefore mean that phofosynthetic 
formation of ATP is due to direct phosphorylation of ADP. 
Our results indicate direct phosphorylation of ADP to ATP, 
Experiments in which AOPCP was used as substrate for 
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the photophosphorylation reaction are shown in Table 1. 
Incubation mixtures containing AOPCP incorporated P; 
into ‘organic phosphate’. This reaction was light-dependent 
since no incorporation was obtained in the dark (experiment 
1). The incorporation was not due to the presence of en- 
dogenous nucleotides since very little activity was found 
when AOPCP was omitted (experiment 2). Photosynthetic 
phosphorylation of AOPCP to AOPCPOP was catalysed at 
rates of 30 to 50 umol AOPCPOP formed per h per mg 
chlorophyll. This reaction was six to ten times slower than 
phosphorylation of ADP. One of the reasons for the slower 
phosphorylation of AOPCP might be the differences in 
bond angles and distances of the P~CH:P and P-O-P 
groups®, and so AOPCP may not fit into the active site for 
photophosphorylation as well as does ADP. The time 
course of photophosphorylation of AOPCP showed that 
the reaction was almost linear for 10 min, at which time 
more than 0.8 umol of the total of 6 umol of AOPCP in 
the incubation mixture was esterified with *Pi. 

To show conclusively that AOPCP was phosphorylated to 
AOPCPOP during photophosphorylation, the nucleotides 


Table 1 Photophosphorylation of AOPCP by a spinach chloroplast 
‘preparation. 


P: esterfied 

Nucleotide added lumination (umol per h per mg chlorophyll) 
Experiment Í 

AOPCP No 0 

AOPCP Yes ` 4] 
Experiment 2 ' 

None Yes 0.4 

ADP Yes 299 

AOPCP Yes 31 


One hundred grams of deveined spinach leaves were homogenised 
in 300 mi of 0.4 M sucrose containing 40 mM TES-NaOH and 
0.2% fatty acid poor bovine serum albumin (Calbiochem) at pH 
8 in a Waring blender. The homogenate was’ filtered through 
eight layers of cheesecloth and centrifuged for 5 min at 4,000g. 
The chloroplast pellet was resuspended in a solution containing 
45 ml of the homogenisation medium and 15 ml of glycerol. 
Aliquots (1 ml) of the resulting suspension were stored in sealed 
vials in liquid nitrogen and were thawed ‘at room temperature 
immediately before use. Photophosphorylation was measured 
as described previously? using 2 mM ADP (Sigma) or AOPCP 
(Miles Laboratories) and 0.1 ml of chloroplast suspension (117 
ug of chlorophyll). Incubation time was 5 min at 40,000 lux of 
incandescent light, or in the dark, as indicated. Chlorophyll was 
measured in 80% acetone extracts using the equation of Mac- 
Kinney’. l 


from denatured incubation mixtures were separated by thin 
layer chromatography (Fig. 1). The reaction mixture incu- 
bated in the dark contained only AOPCP (spot 1), while 
the light incubated sample contained both AOPCP (spot 3) 
and AOPCPOP (spot 4). Radioactivity was found only in 
the AOPCPOP spot indicating that *P; reacted with AOPCP 
to form AOPCPOP during photophosphorylation. 

These results indicate that the ADP which serves as 
substrate in the photophosphorylation reaction is phosphory- 
lated directly to ATP and does not undergo a transphos- 
phorylation to AMP and ATP. Roy and Moudrianakis**, 
Forti et al! and McPhee and Brody", however, have ob- 
tained evidence for a transphosphorylation reaction. More- 
over, both chloroplast? and mitochondrial" coupling fac- 
tors have been found to bind adenosine nucleotides strongly. 
It is possible therefore, that the isolated chloroplasts con- 
tained coupling factor-bound ADP which underwent trans- 
phosphorylation te AMP and ATP and that the resultant 
coupling factor-bound ATP served as the ‘high energy 
intermediate’ for the phosphorylation of AOPCP. If this 


=f 
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were the case, our results would point to the existence of 
two separate ADP pools involved in photophosphorylation. 
One would be the substrate ADP (represented by AOPCP 







` 
: H her 
Laui DP OER, penitent open atte, Ue E eA 
` hh ay v 4 
` . i5 ` angh A 
> : m 43 S  ee hawt «Se +S i 
' F A 3 x š 
t , eae fen e+ 43 * ty q xe aX, 
z b ~ & 1°? d ery r we s2 ©. 
2 4 % he k xl AE me) cr if Se ee es 
Ca re » + . < e (ad 7.5 +, 
k E a ee P g ay 
ALÉ 4 A 7 AR 
Š testi 7» ‘ MENR ; 
x Eneje < ~ AS 7, os 


nt 
a F i 





NEN 

oe fu 

Nee Rett e it ot 
e 





AB es ahoa nea ag I hee ARI a EP st” he WEP Te... 
$ « 
> 
















Ax K 
+ bi g% 
a 
£ Š A 
a$ . 
` 
A ' 
2 
ase 
y 
$ 
£ 
i 
2 
$ 
? ay sg 
= ` 
È “a o R FAs $ 
+ ar) Ry 2 
p 2 es R 3 
kiy . RES e N 
1 i ye 
ž pr 12 3 2 
> t ae H 
f . ee . £ 
f > rT t $ 
s i ; ; ae 
ae “4 : Š 
. ee y 
x tue A Pa A f 
$ { i £ bo ` 3 
+ at . Pes Bie os È $ S 
A OOR e, 5 
j : y i Patri. 2 x 
z pT, There * WY F po 
q š mie ee P Š $ 
e CIPT A Pag K -A é 
+ E rye Heh, e 4 ` g 
É +, > -r ea ni p ` a ` ov 
¢ be " tt - ome ft z aoe 0 a -` 
-l £ A Sot, > eas } i A 5 Paes 
” ye $. oe Æ “a $s ” bg 
4 rer AON ae ook. aioe 3 ay ee 2 FEM 4 ies 
Š Zr lees Ree z E 
$ o’ eg ob oe AS Paer h 2 agg o ME eis 
Pa ao ky of the ge BA Pande BO € `a F° R gies 
4 Bos SiE ® an ape $ ar i ae 
= . At ee E A E a ł ae ar. ae 
b ai S Eige $> $ TS is č my Dyce 
£ : "o a M? Sigs * See NO e Pa Sy Ry Se 
wie Ai” trdes, bsg r & eo ot: , 
tye e Ate = exh & y » eH 
BE ee ; 
po > - À 
Q oe 4 b 
e A Shao 7 
x remo Ta ee D 
“Sea. TAART E 
' wes ba 
ce eS Hla! be RE 
Saye YS a + + $ 
F, Ve kets EA S at 
Pee EE: EA 
pe a a LAT TOERE e 
É Pa, ag i Na fh E aih. a 
ee ete tt by) As bof es 
s PA M pe 
t ’ ae bo Ai, “% 
BES Ree 
z < Seng ahdi ts os . 
4 +57 H Ae Oe 
ae uS 9 ee 
Oa > 


TA N 
aR a. w + 
a v, 


< 9 
Po 


K 


P: PE 


gatat Y 





gt É 

ey 
er ES. bape) in 
Naw arf" CRT} 

he Mike eR SS 





ga 


Sae Ato he Te GAR 





i 
Fig. 1 Thin layer chromatography of nucleotide analogues. 
Chromatography was on cellulose coated Eastman Chroma- 
gram sheets using the solvent system isobutyric acid: con- 
centrated ammonia: water = 66:1:33 (ref, 4). To remove salts 
which interfered with the | separation, nucleotides from 
deproteinated incubation mixtures (3.2 ml) were adsorbed 
on 0.2 g of acid washed Norit charcoal. The charcoal was 
washed three times with 5 ml H:O and nucleotides were 
eluted with 5 mi of 1% NHs in 60% ethanol’. The eluates 
were concentrated and aliquots used for chromatography. 
The resulting chromatograms were photographed under ultra- 
violet light with a Wratten 2A filter. Top and bottom 
correspond to front and start. respectively. Chromatographed 
samples were: a, 10 min dark incubation; b, 10 min in- 
cubation at 40,000 lux; c, AOPCP standard: d, AOPCPOP 
standard. Analogue standards were pyrchased from Miles 
Laboratories. Numbered areas were scraped out and radio- 
activity of the material was ‘counted in the liquid ®scintilla- 
tion counter. The activities were: spot 1, 20 c.p.m.; 2,%7 ° 
c.p.m.; 3, 28 ¢.p.m.; 4, 1,278 ¢.p.m. 
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in our experiments) which would undergo direct phosphory- 
lation to ATP. The other would be coupling factor-bound 
ADP which would act as a coenzyme for the coupling factor 
and which would undergo the transphosphorylation reaction 
proposed by Roy and Moudrianakis**®. Figure 2 shows the 
reactions which might occur on the coupling factor; the 
proposed scheme is in agreement with our results as well 
as those of Roy and Moudrianakis**. It assumes that 
coenzyme ADP which undergoes the myokinase type of 
reaction stays bound to the coupling factor while the sub- 
strate ADP associates with the coupling factor only transit- 
orily to accept the phosphate from coupling factor bound 
ATP produced by the myokinase-like reaction. 

It has been observed™ that the mitochondrial coupling 
factor contains two binding sites for nucleotides, one with 
high and one with low affinity for ADP. The low affinity 
site was identical with the active site for the ATPase 
reaction catalysed by the coupling factor. The function of 









AMP ATP. |! Substrate 
ADP 
P, (AOPCP) 
Electron 
transport 
Coenzyme Coenzyme Product 
s High affinity site ET 3 ADE A ae 
i Low affinity P 
Ga Raced en ea 


Fig. 2 Hypothetical scheme of reactions occurring on the 

coupling factor during photophosphorylation. The high 

affinity site is assumed to contain coupling factor bound 

nucleotides while the low affinity site is thought to be the 
site of phosphorylation of substrate ADP. 


the high affinity site is not known. Since the mitochondrial 
and chloroplast coupling factors are very similar, it is 
possible that the high affinity binding site is the site of 
the myokinase-like reaction involving the coupling factor- 
bound coenzyme ADP, while the low affinity site is the site 
of phosphorylation of substrate ADP. Reactions at the high 
affinity site should therefore have the properties ascribed 
to the formation of the ‘high energy intermediate’, while 
reactions at the low affinity site should be identical to those 
involving the last step in photosynthetic ATP formation. 
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Sap stain in. Antiaris africana, an 
economically important tropical white wood 


Many countries lose thousands of pounds annually through 
natural staining of valuable wood. Usually the organism 
which causes staining is the fungus Botryodiplodia theo- 
bromae Pat;. Field and laboratory experiments have shown 
that Antiaris africana becomes stained blue within 4 d of 
felling™. The fungus enters the cut surface of the wood 
through the vessels and within 2 d heavily colonises the 
surrounding vasicentric parenchyma cells. Infection of ray 
cells. occurs through the vasicentric parenchyma cells'. The 
fungus has two types of hyphae: some are stout and brown 
in colour, others are thin and hyaline. The brown, hyphae 
are predominantly found in vessels, tracheids and fibres 
(Fig. 1), whereas the parenchyma cells are heavily infected 
by the hyaline hyphae. 

It is significant that not all fungi to which cut logs of 
A. africana are exposed gain entrance to the wood through 
vessels. Phialophora fastigiata, a sap stainer with a tendency 
to behave like a soft-rot fungus enters the wood through the 
ray parenchyma cells from which it ramifies into the vasi- 
centric parenchyma cells. The vessels are infected through 
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Fig. 1 Brown hyphae in vessels of Antiaris africana. x 480. 


Nature Vol. 249 June 28 1974 


parenchyma cells. Within 14 d of infection, the fungus suc- 
cessfully digests the secondary wall of the fibres, creating 
cavities in oblique, transverse and longitudinal directions. 
Rhinocladiella atrovirens, a sap stainer, and Chaetomium 
globosum infect the wood through the rays and the vasi- 
centric parenchyma cells. 

Shoots of A. africana were exposed to "CO, for 45 min 
three times a week for 2 weeks and then cut into small logs. 
The cut surface of each log was sprayed with spores of 
B. theobromae and the fungus was isolated from the logs 
after 7 d. The fungus was extracted with boiling ethanol and 
the ethanol-insoluble residue was wet-combusted*. Radio- 
activity was detected especially in the enthano] extract of the 
isolated fungus, providing direct evidence that B. theobromae 
uses food reserves of the xylem. There is also experimental 
evidence that there is no correlation between the severity of 
the blue-stain infection and the concentration of carbo- 
hydrate in the xylem®. It is, however, essential for carbo- 
hydrate to be present in the xylem for successful establish- 
ment of the fungus. Experiments on the food reserves of 
the xylem of A. africana® show that it is rich in various 
carbohydrates. Kozlowski and Keller? have reported that 
carbohydrates are stored in the living parenchyma cells of 
the xylem of trees. It is, therefore, most probable that the 
hyaline hyphae predominantly found in the living paren- 
chyma cells of the wood of A. africana are nutritional in 
function. 

Several methods have been suggested for the control of 
sap blue stain fungi”, Eight antitranspirants have recently 
been tried in the laboratory on germination of spores of B. 
theobromae, and in the field on the control of blue stain in 
A. africana, and four have been very effective. Spores were 
mounted in various concentrations of antitranspirants and 


incubated at 100% relative humidity. Percentage germina- 


tion was counted over a period of 24 h. In the field experi- 
ments conducted during the rainy season when the incidence 
of blue-stain in A. africana is known to be heaviest", cut 
surfaces of logs were dipped in antitranspirants. Needle 
Fast, Spruce Seal and Vapor Gard (1-5%) Wilt Pruf 
(5-25%) prevented spore germination and significantly 
reduced blue stain infection of wood left in the forest for 
4 weeks. Each of the four antitranspirants significantly 
reduced water loss from the cut surfaces of the logs. There 
was no Infection when the water content of the wood was 
more than 50%. 

These observations indicate that successful control of 
blue stain of wood should be aimed at either depleting the 
food reserves in the wood or using chemicals that will 
prevent rapid water loss from cut surfaces of logs. 

I am grateful to Dr J. F. Levy of Imperial College of 
Science and Technology, London who supplied me with 
R. atrovirens, C. globosum and P. fastigiata. 
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Spotted centromeres in 
human chromosomes 


Sır, —The demonstration by Eiberg! of 
equal sized Giemsa-stained paired dots 
in the centromeric regions of human 
chromosomes, raises the‘ question of 
whether these dots are equivalent to, 
or associated with, the paired spheres, 
or dots, observed in these regions in 
chromosomes preparations handled in 
different ways. 

Sharply delineated pairs of unstained 
spheres associated with the centromere 
are often to be seen in human, mouse 
and other mammalian chromosome pre- 
parations of cells pretreated with col- 
cemid and stained with orcein, or 
Giemsa, in the conventional way. These 
spheres stand out more clearly in cells 
with cytoplasmic staining and they have 
the appearance of unstained vacuoles 
(Fig. la). Dots, perhaps more closely 
similar to those described by Eiberg’, 
are also to be seen in optically sha- 
dowed, but unstained, human chromo- 
somes? that have been exposed to the 
alkali and saline pretreatments neces- 
sary before Giemsa staining in a 
technique” to give C-banded chromo- 
somes, or to a trypsin schedule’ to give 
G banding. These dots appear as raised 
prominences in the centromere regions 
of the collapsed chromosomes and are 
similar in size and position in all 
members of the chromosome comple- 
ment (Fig. 1b and c). They cannot be 
simply equated to the densely stained 
Giemsa C bands, as the size of the 
centromerically located C bands differs 
between chromosomes and indeed some 
C bands are very large (such as those 
of chromosomes 1, 9 and 16) and are 
not confined in their location to the 
centromere regions as, for example, in 
the Y chromosome. Differences between 
C bands and a more localised centro- 
meric staining have also been noted by 
Voiculescu e? al in banded prepara- 
tions of hamster chromosomes. The 
smaller centromeric C bands in the 
human complement (Fig. 1d), however, 
cannot be distinguished from the un- 
stained promontories seen in these 
chromosomes in shadowed, but un- 
stained, preparations. 

The regions in which these stained, 
or unstained, dots appear are known to 
contain the paired disk-shaped kinete- 
chores that are located in the centro- 
mere region on opposite sides of sister 
chromatids and which are clearly visible 
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Fig. la, Human chromosomes stained with lactic-orcein and showing the pairs of 

unstained dots associated with the centromere. b, Unstained optically shadowed human 

chromosomes treated with trypsin as in Seabright’s’ G banding technique. Note the 

paired dots at the centromeres. c, Unstained and shadowed chromosomes treated with 

HCI, saline and Ba(OH). as for C banding’. Note the paired dots at the centromeres. 

d, Shadowed chromosomes that have been stained for C banding. Compare the 
prominence at the centromere with b and c. 


using the electron microscope®. Such 
studies have also shown that the paired 
fibrillar elements of the kinetochore 
have associated with them a less dense 
granular matrix which is also fibrillar 
in nature and which does not completely 
encircle the centromeric regions of the 
chromatids’. Moreover, although col- 
cemid inhibits the full development of 
the spindle, the centromerically located 
spindle tubules are always present so 
that spindle proteins are concentrated 
in these regions and attached to the 
chromosome®. It would seem to us 
therefore that the stained, or unstained, 
dots which are seen under the light 
microscope to be specifically located in 
the centromere regions, may represent 
the kinetochores and particularly their 
associated proteins. 

It is perhaps worth noting that al- 
though in man*" and mouse” C band 
material is confined to the centr@mere 
regions in the autosomes, in ‘cultured 
cell lines these materials are sometimes 
transla@cated away from the centromere. 
Thus, even ift these m&terials, C banding 
does not provide g reliable method for 


~ 


detecting centromeres. On the other 
hand, a simple centromere staining 
method, such as Ejiberg’s, would, if 
consistent, provide a good method for 
locating centromeres and a useful tool 
in resolving the centromere states of 
D/D, D/G and G/G chromosome 
translocations in man and in screening 
for dicentric chromosomes in irradiated 
cells. 
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Random deviations or 
asynchronous DNA synthesis ? 


Sır, —In a study concerning the label- 
ling of the X chromosomes of hetero- 
zygous Dp(1;f) AM female larvae, 
Bender, Barr and Ostrowski! compared 
the absolute amount of silyer grains 
distributed over the IAB region of the 
paired X chromosomes (compound X) 
with the absolute amount of labelling 
over the homologous region of the 
free duplication (fragment). In all 97 
spot-labelled nuclei analysed, the 1AB 
region of the fragment and the com- 
pound X were asynapsed. In 65 of these 


On the basis of experiences with 
autoradiographic studies (ref. 2, and 
our unpublished results), we wish to 
mention that there is still another in- 
terpretation for these data. During the 
preparation of our manuscript, similar 
judgements have been published’. 

The data published in Fig. 1 of ref. J 
are repeated here, but are tabulated 
in a different way (Fig. 1 and Table 1). 
It is noteworthy that only seven (Fig. 1) 
of 97 nuclei show relatively strong 
deviations (more than three silver 
grains) from the axis of synchrony. In 
three of these cases the fragment 
synthesises its DNA earlier and in the 
remaining four later, than the com- 
pound X. Eleven nuclei show only one 
silver grain in compound X and none 
in the fragment. The remaining 
49 labelled nuclei (including the seven 
exceptions) are distributed with 23 on 
each side of the axis of synchrony and 
three nuclei matching the axis of syn- 
chrony directly. 

In light of the observation that of 
97 nuclei with 194 1AB regions, 113 
were unlabelled and the remaining 81 
were distributed according to Table 1, 
it seems to be inconsequential, in our 
opinion to eliminate 44 cases of less 
than three silver grains as background 
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Fig. 1 Deviations of labelling inten- 
sity over the two LAB regions in 97 
salivary gland nuclei of Dp(1;f}AM 
female larvae, according to the data 
of ref. 1. The position of each circle in- 
dicates the absolute number of silver 
grains over the 1AB regions of the 
duplication (fragment) observed, as 
well-as over the 1AB region of the two 
paired X chromosomes (compound 
- X). An axis of synchrony is drawn 
through those circles which show a 
2:1 ratio for the amount of silver 
grains. Figures on top of each circle 
indicat: the number of cases observed. 
*Nuclei with strong deviations of 
labelling. 





Table 1 


Number and distribution of silver grains observed over each of the two 1AB regions in 97 nuclei of Dp(1;f)AM female 
larvae (changed after Bender, Barr and Ostrowski’) 





No. of silver 


grains observed >10 il 
over the LAB regions 

Distribution of 1AB 

regions observed 3 1 


9 8 7 6 5 


8 11 11 33 113 





nuclei a maximum of only two silver 
grains could be found over each of 
the two 1AB regions. The authors 
deemed this amount of labelling as un- 
significant. Of the remaining 32 nuclei, 
22 showed significant labelling over 
the compound X but an unsignificant 
labelling over the fragment. In con- 
trast, only five nuclei indicated sig- 
nificant labelling over the fragment 
but unsignificant labelling over the com- 
pound X. In the remaining five nuclei, 
Significant labelling was found both 
in the fragment and in compound X 
as well. 

From these results the authors con- 
cluded that the fragment does not 
replicate the DNA in synchrony with 
the homologous region of the com- 
pound X chromosome. This conclusion 
is based on two assumptions. First, 
that labelling of less than a tight 
cluster of three silver grains over a 
given chromosome region is unsignifi- 
cant and, second, that a synchrenous 
DNA synthesis must be reflected by 
a constant ratio in the amount of 
silver grains of the two homologous 
chromosome sections without any ran- 
dom deviations. 


labelling: in particular, because the 
authors claim that background labelling 
of the autoradiograms analysed was very 
low. Recent (unpublished) studies have 
shown that the restriction in the 
significance of labelling in respect 
to a tight cluster of three silver grains 
must be handled with caution, if slides 
with a very low background are used. 

The authors’ assumption, that the 
silver grains in the two corresponding 
1AB regions have to indicate a con- 
stant 2: 1 ratio according to their DNA 
amounts (Or somewhat less than 2: 1, 
because of the greater self absorption 
in the compound X), is based on the 
studies by Plaut and Nash‘. During (an 
unpublished) reinvestigation of this 
problem, however, one of us (K. H.) 
has shown that the labelling in 
homologous bands of normally struc- 
tured asynapsed chromosomes showed 
only a high degree of correspondence 
and not the absolute correspondence 
of Plaut and Nash‘. Random devia- 
tions Were to be found with common 


frequencies (Fig. 1). It must also be, 


mentioned that 6.8-28.8% of eexcep- 
tional patterns’ are te bæ found in all 
phases of the replication cycle of 


normally structured chromosomes in 
Drosophila melanogaster". Therefore, 
the seven nuclei with strong deviations 
(Fig. 1) may belong to those exceptional 
deviations. Also, on the basis of the 
arguments presented, we believe that 
the replication of the duplicated 
chromosomal region should better be 
interpreted as synchronous DNA syn- 
thesis. 


Yours faithfully, 


WoLF-EKKEHARD KALISCH 
Kraus HAGELE 


Lehrstuhl fiir Genetik, MA.5.0.G.., 
Ruhr-Universität, 

D-463 Bochum-Querenburg, 
Federal Republic of Germany 


t Bender, H. A., Barr, H. J., and Ostrow- 
ski, R. S., Nature new Biol., 231, 217 
(1971). - 

*e Kalisch, W.—E., and Hägele, K., Chromo- 
soma, 44, 265 (1973). 

? Rudkin, G, T., in Results and Problems 
in Cell Differentiation, 4, (Springer 
Verlag, Berlin, 1973). : 
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* Plaut, W., Nash, D., and Fanning, T., 
Molec. Biol., 16, 85 (1966), : 

€ Nash, D., and Bell, J., Can. J. Genet. 
Cytol., 10, 82 (1968). 

” Lakhotia, S. C., and Mukherjee, A. S., 
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Magnetic insulation 


Sir,—The extravagant claims presented 
in a recent article by Winterberg*, led 
me to look into the background of the 
idea of ‘magnetic insulation’. The pur- 
pose of this letter is to point out that 
the scheme described in that article is 
unsound and will not work. 

The basic idea in Winterberg’s article 
is the prevention of electrical breakdown 
between conductors at different poten- 
tials using the interposition of a combina- 
tion of a high vacuum and a high magnetic 
field parallel to the conductor faces. 
Electrons which could initiate the break- 
down are supposed to be returned by the 
magnetic field to the electrode from which 
they were emitted. This, however, is 
essentially the configuration found in 
any number of magnetron devices. ln 
forty years of experiments in this field it 
has been shown time and again that 
complete cutoff is not achieved for any 
magnetic field. The reason is that collec- 
tive effects intervene; space charge in- 
stabilities always result in some current 
passing between the electrodes. Under 
these conditions simple orbit calculations 
no longer apply. 

Winterberg’s ideas were presented 
earlier in a longer article*. In that article 


he suggested that ‘magnetic insulation’. 


might make possible a transformer for 
10° Y. A year later the same objections 
that I have raised were published in some 
detail by Hirsch?. He concluded “The 
cutoff anomaly therefore renders ‘mag- 
netic insulation’ impracticable... Clearly, 
the only way in which vacuum breakdown 
due to field emission from a given 
surface can be avoided is by reduction of 
the surface electric field.” A reply by 
Winterberg* completely failed to answer 
Hirsch’s objections. 

Perhaps claimants for ‘magnetic in- 
sulation’ could be given the same require- 
ment that is presented to inventors of 
perpetual motion machines. They are 
usually instructed to accompany their 
claims with a working model. 


Yours faithfully, 
JOHN P. BLEWETT 


Brookhaven National Laboratory, 
Upton, New York 


1 Winterberg, F., Nature, 246, 299 (1973). 


2 Winterberg, F., Rev. scient. Instrum., 41, 


1756 (1970). : 

3 Hirsch, E. H., Rev. scient. Instrum., 42, 
1371 (1971). 

* Winterberg, F., Rev. scient. Instrum., 43, 
814 (1972). 

Dr WINTERBERG REPLIES: Contrary 


to Blewett’s belief, magnetic insulation 
has not only been experimentally con- 
firmed? since I proposed it several years 
agot, but is already utilised in the 
coaxial transmission lines of relativistic 
electron beam generators (for example, 
the MJ Aurora machine). The magnetic 
field needed for the insulation effect in 
this case is generated by the strong 
azimuthal self-induced field of the current 
pulse passing through the transmission 
line. In the Aurora machine for example, 
the pulse length is 100 ns and the feasi- 
bility of magnetic insulation is therefore 
confirmed, at least for this time scale. 
The same should therefore be true for 
the magnetically insulated high voltage 
transformer’, at least for an a.c. frequency 
of the order 10 MHz as it is realised in a 
Tesla transformer. 

Blewett argues that experience with 
magnetron devices speaks against the 
feasibility of magnetic insulation and that 
the device described in my article falls 
into the same category. This, however, is 
not quite correct, because the magnetron 
device is an open ended system. It there- 
fore has quite similar end losses and 
instabilities as an open ended plasma 
confinement device. This contrasts with 
a closed toroidal system, which is pro- 
posed in my article. In a magnetron the 
electrons can drift freely in the axial 
direction, causing breakdown at the ends, 
by contrast with the proposed closed 
toroidal system in which this free motion 
follows a closed loop parallel to the 
circular torus axis. 

Both the magnetically insulated coaxial 
transmission line and the high voltage 
transformer are also open ended systems 
but with an azimuthal field, rather than 
an axial field as in the magnetron. The 
azimuthal field leads to a much smaller 
axial drift motion than in the magnetron 
device. Here again, the analogy with the 
z`pinch (azimuthal field) and the © pinch 
(axial field) can be drawn. Therefore, for 
both the magnetically insulated coaxial 
transmission line and the high voltage 
transformer, larger time scales than in the 
magnetron can be expected. This prevents 
breakdown. A closed toroidal system, as it 
is proposed in my article should, however, 
lead to substantiaily larger breakdown 
times, quite analogous to the much longer 
plasma confinement times for closed than 
for open ended systems. It is also known, 
from toroidal plasma confinemegt de- 
vices, that even higher stability can be 
achieved by strong shearing of the 
magnetic field lines and average minimum 
B, as in the $tellarator or Tokamak. The 
same principle could, of course, be used 

od 
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in the proposed machine, a big shear 
field being produced with the external 
field coil, with an induced circular 
current in the central conductor or with 
a combination of both. In a closed, 
magnetically insulated system the only 
important collective instability which 
then remains is the diocotron instability 
which is suppressed by making ,? < 
2œ} where œ, is the electron plasma 
frequency and œ, the electron cyclotron 
frequency. This is one of the conditions 
for magnetic insulation. 

F. WINTERBERG 
Desert Research Institute, 
University of Nevada System, 
Reno, Nevada 89507 


1 Winterberg, F., Phys. Rev., t, 212 (1968). 
2 Miller, R., Rostocker, N., and Nebenzahl, 
l, Buil. Am. phys. Sec., 17, 1007 (1972). 
3 Winterberg, F., Rev. scient. Instrum., 41, 
1756 (1970). 


Bovine thymin 


Sm,—Recently, Goldstein’ reported on 
the isolation of two polypeptide hor- 
mones from bovine thymus. He sug- 
gests and extensively uses the terms 
thymin I and thymin II to designate 
these hormones. 

The choice of these names seems 
unfortunate because of a possible con- 
fusion with thymine (2,4-dihydroxy-5- 
methyl-pyrimidine), a component of 
some nucleic acids. In French and Ger- 
man, there would be only one way of 
writing both thymine and thymin, so 
that they could not be distinguished 
from each other. The numbers I and I! 
should also be considered as provisional 
ones, as the structures of the hormones 
are still unknown and it could be that 
II is the precursor of I. 

It is to be expected that any new 
important biochemical compound will 
ultimately have its name defined on an 
international basis by a nomenclature 
commission of such a body as the 
International Union of Biochemistry 
(IUB) or the International Union of 
Pure and Applied Chemistry (IUPAC). 
As this is likely to take some time, it 
would be worthwhile if Dr Goldstein 
could reconsider the question of the 
names to be used for the new hor- 
mones, to make them unambiguous and 
compatible with existing recommenda- 
tions. 

Yours faithfully, 
M. ROTH 
Central Laboratory, 
Hôpital Cantonal, 
Geneya, Switzerland 


i Goldstein, G., Nature, 247, 11 (1974). 


Dr GOLDSTEIN REPLIES: The points 
made by Dr Roth are well taken. The 
name thymin was originally assigned! 
to designate a hormone of the thymus 
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by the traditional ‘-in’ suffix (as for in- 
sulin and renin). At that time we 
avoided naming the hormone by its 
action as we were uncertain whether 
the neuromuscular effect was physio- 
logical; indeed, it now does not seem to 
be so. 

Unfortunately, there is confusion be- 
tween the polypeptide hormone thymin 
and the base thymine, which was also 
named for its original isolation from 
thymus. Would the name thymopoietin 
be more acceptable? This would indi- 
cate the action of the hormone in in- 
ducing stem cell differentiation to, or 
‘producing’, thymocytes (as in erythro- 
poietin and granulopoietin). 

I agree that the numbers I and II are 
provisionale ind that this will be re- 
solved by structural work, which is in 
progress. 


Department of Pathology, 

New York University School of 
Medicine, 

New York, New York 10016 


1 Goldstein, G., and Hofmann, W. W 
Clin. exp. Immun., 4, 181-189 (1969). 


(Na+ K)-ATPase activity 
in cattle red cells 


Sir,—Schatzmann' has described a posi- 
tive correlation between ouabain-sensi- 
tive ATPase activity and red cell K 
levels in cattle, cells with higher K 
levels giving a greater enzyme activity. 
These determinations were made with 
Na=150 mM, K=10mM. If ouabain- 
sensitive ATPase is determined as a 
function of K concentration (at K levels 
>5 mM to saturate the outside pump 
site) in fragmented red cell ghosts from 
individual cattle with different erythro- 
cyte K levels, it can be seen that, as in 
other ruminant red cells’, the enzyme 
shows a variable degree of K inhibition 
(Fig. 1). Thus, membranes derived from 
cells having an original K level of 26 
mmol per 1 cells are 50% inhibited at 
K=20 mM, whereas membranes from 
cells originally having 77 mmol K per 
l| cells are not 50% inhibited even at 
K=100 mM. From the 26 cows so far 
investigated a continuous spectrum of 
K sensitivities has been found, with 
the degree of K inhibition correlating 
well with the resting K level of the 
original red cells. It therefore seems 
likely that the internal affinity for K 
of the ouabain-sensitive ATPase in 
cattle red cells may be the dominant 
determinant of resting cell K levels, 
and not the amount of enzyme activity 
measured at relatively low K concentra- 
tions. 
Yours faithfully, 
J. C. ELLORY 

ARC Institute of Animal Physiology, 
Babraham, Cambridge CB2 4AT, UK 
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Fig. 1 Ouabain-sensitive ATPase ac- 
tivity in cattle red cell ghosts as a 
function of K concentration. Ghosts 
prepared and assayed as previously 
described”. Incubation conditions: 
NaCl 150 mM, MgCl, 1.25 mM, Nar 
ATP 1.25 mM, 10 mM Tris pH 7.7 at 
by ae OF (KCl + choline Cl) 100 mM, 
ouabain, when present, 0.1 mM. Ghost 
concentration equivalent to 25% 
haematocrit, original packed cells. All 
conditions measured in quadruplicate. 
Curves shown for cells from three 
individual cattle with red cell K 77, 56, 
26 mmol per 1 cells. Data were normal- 
ised as % maximum ouabain-sensitive 
ATPase activity (at 5 mM K). Actual 
maximum ouabain-sensitive ATPase 
activities at 5 mM K; upper curve, (77 
mmol K per | original cells), ATPase 
375 nmol Pi per mg protein per h; 
middle curve, (52 mmol K per 1 ori- 
ginal, cells), ATPase 660 nmol Pı per 
mg protein per h; lower curve, (26 
mmol K per I original cells), ATPase 
260 nmol P; per mg protein per h. 


+ Schatzmann, H. J. 248, 58 
(1974), 

? Ellory, J. C., Glynn, I. M., Lew, V. L., 
and Tucker, E. M., J. Physiol. Lond., 
217, 61P (1971). 

* Fortes, P. A. G., Ellory, J. C., and Lew, 
V. L., Biochim. biophys. Acta., 318, 
262 (1973). 


Nature, 


Dr SCHATZMANN REPLIES: The marked 
variability of the K affinity of the in- 
ternal Na site found by Dr Ellory ren- 
ders untenable my tacit assumption that 
the ATPase activity measured at 10 
mM K and 100 mM Na reflects the 
number of pump sites per cell. But 
unless our conditions of Na concentra- 
tion, pH and ionic strength considerably 
enhance the effect due to different 
affinities it does not seem to account 
completely for the variability of the 
Na+K—ATPase which we reported. 
From, the regression in our experiments 
cells with [K]ceus =77 mmol 17 might 
be expected to have 4.5 times the 
ATPase activity of those with 26 
mmol 17, whereas the cyrves shown 
above only yield a factor of about 
® 
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1.4 at 10 mM K. Yet I fully agree with 
the conclusion that the internal K affin- 
ity seems more important than the 
number of pump sites per cell in deter- 
mining the cellular K concentration. 


University of Bern, 
Switzerland 


No chromosome 9q+ in Ph! 
-negative CML 


Sir,—To demonstrate that in Ph’—posi- 
tive cells the additional band at the 
end of the long arms of chromosome 9 
(9qg+) stems from chromosome 22, 
Rowley! suggested the examination of 
metaphases derived from bone marrow 
from patients with Ph-negative 
chronic myelocytic leukaemia (CML). 
We studied the chromosomes of three 
such patients, two of whom had symp- 
toms considered to be characteristic 
for Ph'-negative CML”, that is, mild 
leukocytosis, anaemia, severe thrombo- 
cytopenia and discrete splenomegaly. 

Case 1 died of a cerebral haemorr- 
hage 3 months after first presentation. 
Case 2 entered blastic phase and died 
20 months after CML had been diag- 
nosed; chromosomes were studied 
during blastic phase. Case 3 has typical 
CML and is well 3 yr after the diag- 
nosis has been established. 

The chromosome banding pattern was 
obtained by the trypsin-saline-Giemsa 
method. The karyotype of case 1 was 
normal, 46,XY. Case 2 had two clones; 
the major clone (60%) had the karyo- 
type 47,XY, 20q-,+21 and the minor 
clone (40%) had 46,XY,20q-. In case 
3 the marrow cells revealed a missing 
Y on several occasions; the karyotype 
was 45,XO while the PHA-stimulated 
lymphocytes were chromosomally nor- 
mal. 

Chromosome 9q+ could not be de- 
tected in any metaphase of the Ph’- 
negative cases. Thus, these findings 
corroborate Rowley’s assumption! that 
the additional material on chromosome 
9 comes from chromosome 22. Further- 
more, an abnormal banding pattern 
which would characterise Ph'—-negative 
CML could not be seen. This may be 
related to the finding that patients 
with Ph'-negative CML represent a 
rather heterogenous group’. 


Yours faithfully, 
D. K. HOSSFELD 


Medical University Clinic 
43 Essen—Il, 

Hufelandstrasse 55, 

Federal Republic of Germany 


* Rowley, J. D., Nature, 243, 290-293 
(1973). 
E. Z., Sokal, J. E., Crosswhite, 


L. H., and Sandberg, À. A., Ann, int. 
Med., 72, 175-182 (1970). : 
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WATER CIRCULATION IN THE ARCTIC BASIN 
by A. F. Treshnik and G. I. Baranov, Hydro- 
meteorological Publishing House, Leningrad. 

This new book discusses the general circulation of 
the world ocean and shows that it is now one of the 
most important mechanisms of the redistribution of 
heat that is received by the earth from the sun and 
given off into space. The movement of water in the 
Arctic Basin is an inseparable link in this chain. 
But this is not the only reason why it should be 
studied. The variable circulation of the surface 
waters largely determines fluctuation of ice con- 
ditions in tributaries of the Arctic Ocean and 
consequently affects navigation conditions along 
the Northern Sea Route. (Translated from the 
Russian.) 

February 1974 150 pages £6.25 
Published by Israel Program for Scientific Trans- 
lations Ltd., and distributed by John Wiley and 
Sons Ltd. 


PROPAGATION OF VISIBLE AND INFRARED 


RADIATION IN THE ATMOSPHERE 


by V. E. Zuev, Sovetskoe Radio Publishing House, 
Moscow. | 

This monograph summarizes fundamental, theor- 
etical and experimental research on various aspects 
of the problem of propagation of visible and 
infra-red radiation in the atmosphere. The basis 
for this summary is the research of the authors and 
his co-workers, as well as other work, both in the 


U.S.S.R. and elsewhere. (Translated from the 
Russian.) 
April 1974 418 pages £13.25 


Published by israel Program for Scientific Trans- 
lation Ltd, and distributed by John Wiley and 
Sons Ltd. 


GEOCHEMISTRY OF GERMANIUM 


edited by Jon N. Weber, Pennsylvania State 
University. 

Consists of articles on all important aspects of this 
subject. Covers crystal chemistry, phase equilibria, 
isotopic composition, meteorites and tektites, lunar 
materials, igneous rocks and magnetic processes, 
sediments and sedimentary rocks, ore deposits and 
hydrothermal mineralization, waters, coal and petrol- 
eum. Includes editor's introduction and commen- 
tary. (Benchmark Papers in Geology.) 

March 1974 480 pages £12.90 
Published by Dowden, Hutchinson and Ross inc., 
and distributed by John Wiley and Sons Ltd. 





THIN LAYER CHROMATOGRAPHY ABSTRACTS, 


1971-1973 


by R. M. Scott, Eastern Michigan University, 
and M. Lundeen. 

This book is a collection of abstracts, organized by 
compounds under study, of the papers utilizing 
thin-layer chromatography through 1971, ?972 and 
the early part of 1973. Details are provided about 
extraction, chromatography, detection and quan- 
titation of samples. Selected from world-wide 
publications, its techniques and methods, with 
sources cited, will be useful to chemists, biologists, 
medical researchers and medical technologists. 
This book is a sequel to a similar book by Dr. Scott 
two years ago. 

February 1974 590 pages £10.40 
Published by Ann Arbor, Publishers Inc, and 
distributed by John Wiley and Sons Lid. 


LACTOGENIC HORMONES, FETAL NUTRITION 


AND LACTATION 

edited by John B. Josimovich, M.D., Magee- 
Womens Hospital, University of Pittsburgh School 
of Medicine, Monica Reynolds, University of 
Pennsylvania School of Veterinary Medicine, and 
Edgard Cobo, M.D., Universidad del Valle, 
Colombia. 

Covers three aspects of current studies on the roles 
of lactogenic hormones, both placental (chorionic) 
and pituitary in origin, in the nutrition of the fetus 
and newborn. (Problems of Human Reproduction: 
A Wiley Biomedical-Health Series.) 


June 1974 500 pages £13.20 


CARDIAC MECHANICS: Physiological, 


Clinical and Mathematical Considerations 

by Israel Mirsky, Harvard Medical School, Peter 
Bent Brigham Hospital and Childrens Hospital 
Medical Centre, Dhanjoo N. Ghista, /ndian 
Institute of Technology, and Harold Sandler, 
National Aeronautics and Space Administration and 
Stanford University School of Medicine. 

Narrows the communication gap between clinical 
cardiologists and basic scientists by treating the 
physiological, clinical and mathematical aspects of 
cardiac mechanics in a single volume. Discusses 
many unresolved and controversial questions that 
should stimulate and challenge the reader. (Wi/ey- 
Interscience Series on Biomedical Engineering.) 
May 1974 510 pages £12.75 
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To all citizens of this planet 


Lets 


Few themes, if any, can be so 
important to the future of our planet 
as IS 

ENVIRONMENTAL CONSERVATION 


The problems we are facing today 
have been coming for fifty years. We 
did have warnings, nevertheless 
problems hve become crises. 

And time is moving on. 

Development is necessary to 

MAN and NATURE 

but so is careful planning, as well as 
truly international communication 
and understanding. 





it is therefore that the new quarterly 
journal 


ENVIRONMENTAL CONSERVATION 
is published by Elsevier Sequoia S.A., 
Lausanne, for the 

Foundation for Environmental 
Conservation, 

with the collaboration of the 
International Union for Conservation 
of Nature and Natural Resources 
[IUCN], 

International Conferences on Environ- 
mental Future (ICEF), 

World Environment and Resources 
Council (WERC), 

and with the support of 

World Wildlife Fund {WWF}. 


The new journal 


ENVIRONMENTAL CONSERVATION 
advocates action for the protection 
and amelioration of the environment 
of Man and Nature in this ever- 
changing world. > 


Topics range from pertinent case- 
histories of the past and present to 
rational use of resources, foreseeing 
ecological consequences, enlightened 
environmental policy, anti-pollution 
measures, low-impact development, 
environmental education and law, 
and ecologically sound management 
of all land and fresh water, sea and 
air, for the lasting future of EARTH’s 
fragile biosphere. 
Emphasis is intended to be on the 
environment of living things — includ- 
ing MAN — and hence on the 
maintenance of viable ecosystems, 
whether natural or otherwise, sound 
ecology being the keynote. 
Conferences and meetings, reviews 
and notices, will establish 


ENVIRONMENTAL CONSERVATION 
as the much-needed forum for all 
citizens of this planet who wish to 
conserve NATURE 

.and make a better world to live in for 
MAN. 


come down to earth © 


Founded and edited by 

Prof. Dr NICHOLAS N. POLUNIN 

the journal is supported by Confe- 
rences & Review Editor M.A. Farid 
Editorial Assistant N.V.C. Polunin and 
thirty-five Advisory Editors covering 
between them all the main subjects 
and international agencies involved. 


Research and survey articles to be 
published in Volume 1, 1974 
include: 


Human Population and Environmental 
Problems, Prof. Paul R. Ehrlich (USA) 


The Expanding Sahara, Prof. J. L. 
Cloudsley- Thompson (UK): 


Hazards of Nuclear Fission Power 
and the Choice of Alternatives, Prof. 
John T. Edsall (USA) 


Man-made Ecosystems and Nature 
Conservation, Prof. Erik Kumari 
(USSR) 


Land Restoration in Britain — by 
Nature and by Man, Prof. Sir Joseph 
Hutchinson (UK) 


Heavy-meta! Pollution in the Sudbury 
Mining and Smelting Region of 
Canada, Dr T. C. Hutchinson, Dr L. M. 
Whitby (Canada) 


Environmental Impact Statements, 
the Hon. Beatrice E. Willard (USA) 


Pollution of the Stratosphere, Prof. 
Harold S. Johnston (USA) 
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Environment, Dr Robert L. Hirsch & 
William L. R. Rice (USA) 


The Coming Ener ray Crisis and Solar 
Sources, Prof. J. O'M. Bockris 
(Australia) 
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E. Odum (USA) 
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Warren E. Rickard & Dr Jerry Brown 
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Andrew M. Grellar et al. (USA). 
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ge and an Opportunity, Timothy U. 
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Experiments in Regional Environ- 
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(USA 
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Separate Realities, Dr Raymond F. 
Dasmann (Switzerland) ê 
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e Michael} B. Usher et al. (UK) 
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Conservation Organizations and Wild- 
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book reviews 
Builders of the Universe not prepared to accept the inference Stillman Drake has recently cast 


The Astronomical Revolution: Coper- 
nicus-Kepler-—Borelli. By Alexandre 
Koyré. Translated by R.'E. W. Maddi- 
son. Pp. 531. (Hermann: Paris; 
Methuen: London; Cornell University: 
Ithaca, July 1973.) £6.50. 


The Cosmology of Giordano Bruno. 
By P. H. Michel. Translated by 
R. E. W. Maddison. Pp. 306. (Her- 
mann: Paris; Methuen: London; 
Cornell University: Ithaca, July 1973.) 
£4.50. 


THE writings of the late Alexandre 
Koyré never fail to reveal the intimacy 
of the union between. the history and 
the philosophy of science. His inter- 
‘pretation of The Astronomical Revolu- 
tion, first published in French in 1961 
and now in an English translation is, 
to quote the author’s own expression 
“the history of the evolution and 
transformation of the key concepts” 
(page 9) in astronomy as opposed to 
a history of astronomy. This distinc- 
tion arises from the fact that Koyré 
took no account of advances in obser- 
vational methods and techniques, 
since he was of the opinion that these 
had virtually no influence upon the 
metaphysical revolution which he is 
‘consciously seeking to epitomise 
„through Copernicus, Kepler, and 
Giovanni Alfonso Borelli. He has, as 
it were, defined practical astronomy 
out of existance as being irrelevant 
‘to his purpose of exposing both “‘hid- 
den and acknowledged motives. and 
incentives” (page 18) in the literary 
legacies of these three men. 

The fact that he himself regarded 
this dichotomy between theory and 
observation as “rather strange” (page 
9) indicates that he might have been 
prepared to concede the importance of 
observational astronomy if he had not 
been bound by his own ontological 
terms of’ reference. He cites Rheticus’s 
view that it was Copernicus’s success 
in explaining the lunar theory without 
equants which encouraged him to carry 
his explanation further, without stres- 
sing that the latter’s initial dissatisfac- 
tion with Ptolemy’s lunar theory was 
founded upon the observation that the 
Moon’s parallax and angular diameter 
“differ little, or not at all, from those 
that are observed at conjunction and 
Opposition” (page 40). Though no one 
would deny that Copernicus’s wa 
observations seem to have been few 
and their accuracy no better than those 
of Ptolemy, there are some who are 


that observational astronomy had little 
significance upon the former’s belief 
in the Earth’s axial rotation (see J. R. 
Ravetz, Scientific American, 215 88- 
98, 1966) Since Koyré placed his entire 
emphasis upon the heliocentric hypo- 
thesis and neglected the question of 
the Earth’s diurnal motion he cannot 
be challenged on this score, but one 
might well query the justification of 
according such an unequal status to 
these historically inseparable axioms 
of Copernican astronomy. 

The “authors interpretation of 
Kepler’s achievements occupy roughly 
two thirds of this book. Kepler’s dis- 
covery that the planetary orbits are 
elliptical with the Sun at one focus— 
his first law-—-is attributed to the fact 
that he was trying to explain discrepan- 
cies between theory and observation 
within the framework of a celestial 
physics conceived long before he had 
access to Tycho Brahe’s data. On this 
ground the latter are regarded as hav- 
ing been of little importance to 
Kepler’s rejection of Ptolemy’s time- 
honoured kinematical model of circles 
and spheres. It is nevertheless true that 
Kepler derived all three of his laws 
empirically after years of trial and 
error in trying to fit Brahe’s planetary 
observations to his physically erroneous 
model of the solar system. Had the 
observations of Mars, in particular, 
been intrinsically less reliable, more 
dispersed spatially, or more restricted 


temporally, Kepler—despite his un- 


questionable genius—would now be 
featuring much less boldly in the 
history of science. 

The significance attached by Koyré 
to Borelli is due principally to the 
latter’s recognition that circular 
motions produce centrifugal forces. 
Here the thought is considered to be 
more important than the deed, since 
Borelli’s speculations in his Theoricae 
Mediceorum Planetarum (Florentiae, 
1666) were not sufficiently clear to lead 
to any predictable results. He did not 
analyse the phenomenon of curvilinear 
motion into its constituent components 
and gave no explanation of the origin 
ef the centrifugal tendency, merely 
seeking to establish the necessity of a 
constant central force by an appeal to 
experiment. Koyré sees in him a true 
disciple of Galileo, who adofts the 
same methodological approdch of us- 
ing theory to guide experiment ‘‘which 
confrms, or invalidates, the theory, 
and provides firm data relating to the 
matter under investigation” (page 469). 

e 2 


doubts upon whether this image of 
Galileo which Koyré himself, in Études 
galiléenes, has done much to pro- 
pagate, comprehends a true reflection 
of his epistemology (see Scientific 
American, May, 84-92: 1973) but 
whether this will affect future assess- 
ments of Borelli’s work is difficult to 
say. The latter’s deductive approach is 
here attributed to “the, sterility of 
observation, pure and simple” (page 
471), and the telescopic observations 
which he had been making for years 
on Jupiter’s satellites are supposed 
merely to have provided an excuse for 
publishing his theory of their motions. 
But one cannot escape the fact that this 
theory was developed from the ellipti- 
city of planetary orbits—a ‘fact’ 
derived observationally by Kepler and 
accepted by Borelli on observational 
grounds (as an extract from his 
writings quoted on page 474 clearly 
reveals). Thus here again it ought to 
be recognised that Koyré’s philosophi- 
cal distinction, though heuristically 
convenient, is historically inadequate. 
In another of his writings, Koyré 
once claimed that the greatest achieve- 
ment of the scientific revolution was 
the destruction of the cosmos which 
it had been the greatest achievement 
of the Greeks to create. The deter- 
minative factor in this dramatic onto- 
logical transformation was the collapse 
of the finite bounded Aristotelian 
Universe and the consequent rejection 
of a central point. This notion origin- 
ated not from Copernican astronomy 
but from an admixture of neoplatonic 
philosophy and commentaries such as 
that of Nicolas of Cusa upon the 
Aristotelian vision of the heavens. 
The Cosmology of Giordano Bruno is 
concerned with this metaphysical re- 
volution which precedes yet transcends 
the astronomical revolution of Coper- 
nicus, Kepler and Borelli. Even the 
Sun loses its privileged position in an 
infinite Universe, but the Copernican 
(and Pythagorean) postulate of the 
Earth’s diurnal rotation can be seen 
as a logical corollary to the observed 
fact that all the stars seem to be 
carried round the heavens at the same 
uniform speed in a westerly direction. 
Thus a belief in Bruno’s cosmology, 
with its emphasis on the infinity of the 
Universe might have acted as a 
stimulus to the acceptance of the new 
astronomy, and vice versa. Here, how- 
ever, the late Paul-Henri Michel is not 
interested in exploring possible con- 
nections between the seventeenth 
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century reaction against Bruno’s 
heresies and the slow initial reception 
of Copernican astronomy, but rather 
with examining the internal consist- 
ency of the cosmological ideas in 
Bruno’s writings; it being the central 
thesis of his book that the latter em- 
body a systematic philosophy of nature. 
The work is consequently likely to 
have a greater appeal to philosophers 
of science than to historians of science 
specialising in Copernican studies. 
Though drawing upon statements 
from all Bruno’s extant cosmological 
and moral writings—these date from 
1582 to 1592—the author is concerned 
principally with the contents of the 
three vernacular dialogues La cena de 
le ceneri, De la causa, principis et uno, 
De Vinfinito immenso et mondi of 
1584, and the trilogy of Latin poems 
De minimo, De monade, and De 
immenso composed seven years later. 
These, in his opinion, “have in com- 
mon a scholarly, careful and almost 
meticulous method of utterance” (page 
50). Yet his attempts to justify his 
belief in the compatibility of Bruno’s 
statements require all his powers of 
exigesis and are at times less than 
convincing. For example, he dismisses 
an inconsistency between Bruno’s 
views in De la causa and the moral 
treatise Eroica furori regarding the 
possibility of attaining supreme meta- 
physical knowledge, as resulting from 
“two complementary aspects of a 
single consistent thought, rather than 
two different modes” (page 58). He 
confesses that Bruno’s ideas concern- 
ing the indivisibility of the soul are 
“scattered, and sometimes contradic- 
tory” (page 116); admits that Bruno’s 
answer to the question of continuity 
in the material Universe “was not 
vigorously asserted” (page 132); and 
tells us that “we must resign ourselves” 
to the fact that Bruno’s conception of 
an aether ‘‘retains its ambiguous and 
mysterious character’ (page 140). 
Moreover, he remarks upon Bruno’s 
“unfitness for certain kinds of mathe- 
matic reasoning” (page 145); and so 
on. It would seem much less difficult 
to defend the opposing thesis that 
Bruno was not quite up to the task 
of producing a consistent poetic, pole- 
mic, and aphoristic description of th’ 
Universe; and that his philosophical 
utterances on its infinity and homo- 
geneity, the plurality of worlds, and 
animism in nature, were little more 
than a regurgitation of ill-digested 
ideas from Albertus Magnus’s and St 
Thomas Aquinas’s discussions of the 


_ doctrines of David of Dinant, and from 


works by Nicolas of Cusa and Marsilio 
Ficino. « 

Dr Maddison’s translations of both 
Koyré’s and Michel’s books are gxcel- 
lent, and misprints are few. In the 
former, the year of Tiedemann Giese’s 


„Subprofessional staff were 
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letter to the magistrates of Nuremberg 
complaining of Osiander’s breach of 
faith to Copernicus is wrongly printed 
on page 37 as 1523 (instead of 
1543). In the latter (page 36), the 
twentieth century French scholar 
Etienne Gilson is said to have been 
writing in 1628, and a rather odd mis- 
take on the book jacket is the State- 
ment that Bruno was burnt as a here- 
tic in Rome in 1589 (rather than 1600). 
But these are but minor errors. 
English-speaking historians and phil- 
osophers of science will undoubtedly 
be pleased to have these well docu- 
mented studies of sixteenth and seven- 
teenth century thought accessible in 
their native language, at relatively 


modest prices. 
Eric G. FORBES 


Rockefeller Research 


The Arthropod-Borne Viruses of Verte- 
brates: An Account of the Rockefeller 
Foundation Virus Program, 1951-70. 
By M. Theiler and W. G. Downs. Pp. 
xxviii +578. (Yale University: New 
Haven and London, June 1973.) $25; 
£10.50. 


THe agent causing yellow fever was 
shown to be a virus only in 1927. By 
1950 about 20 other arthropod viruses, 
or arboviruses, had been discovered, 
mostly as a result of work primarily on 
yellow fever, but now more than 300 
such viruses are known. This great in- 
crease in the numbers of known arbo- 
viruses is largely due to the Division of 
Medicine of the Rockefeller Founda- 
tion. Workers from here first studied 
yellow fever in 1914 and played a major 
part in the isolation of the virus, in 
elucidating the epidemiology of the 
disease, and in devising control 
measures, recognised by the award of 
a Nobel Prize in 1951 to the late Dr 
Theiler for work on the development of 
an effective vaccine.. 

Because of a lack of knowledge about 
the significance of arboviruses other 
than yellow fever in causing morbidity 
and mortality in man or his domestic 
animals, the foundation decided in 1950 
to start a major research programme to 
investigate them, particularly in tropical 
countries where they are prevalent. In 
addition to the existing yellow fever 
laboratories supported by it in Entebbe, 
Lagos and Rio de Janeiro, the founda- 
tion, over several years, established new 
field laboratories in Poona, Cairo, 
Johannesburg, Ibadan, Port of Spain, 
Belem and Cali. Although staff members 
Were assigned to these laboratories, the 
recruited 
almost entirely from local people, and 
an integral part of the programme was 
the training of workers from the coun- 
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tries themselves so that they could 
eventually take over the laboratories. 
As well as financial support, travel 
grants and fellowships were given to 
laboratories working on arboviruses in 
many other countries. 

The Rockefeller Foundation Virus 
Laboratory, New York, which moved to 
Yale in 1964 as the Yale Arbovirus 
Research Unit, acted as a coordinating 
laboratory, as a centre for training and 
for the evolution of new. techniques, 
and as a reference laboratory for identi- 
fication and classification of the spate 
of new arboviruses which were isolated. 
This intensive research continued for a 
period of some 20 years but, with a 
change of emphasis in the activities of 
the foundation, has recently been cur- 
tailed, some would think prematurely. 

The purpose of this book is chiefly to 
give an account of the activities of the 
central and, to a lesser extent, of the 
field laboratories. Part 1, consisting of 
four chapters, deals with the develop- 
ment, application, and interpretation of 
the classical techniques of neutralisation, 
haemagglutination-inhibition, and com- 
plement fixation tests as applied to the 
diagnosis of arbovirus infection in man 
and animals and the identification of 
isolates. Previously unpublished material 
is used to illustrate some points but 
scant reference is made here, or else- 
where, to the development of new tech- 
niques such as the use of mammalian or 
insect cell cultures for arboviruses. 

In the second and largest part, com- 
prising ten chapters, the principles of 
the method of classification of arbo- 
viruses into antigenic groups, evolved at 
the Rockefeller Foundation Labora- 
tories, is explained. This is followed by 
a systematic description of most of the 
arboviruses known at the time of writ- 
ing, from Group A to the ungrouped 
viruses. Details are given of the isola- 
tion, of the classification and of the epi- 
demiology of the viruses in man and 
animals, as far as this is known, and of 
their importance as pathogens. Many 
are still in search of a human disease 
with which they can be identified. In the 
third part, of seven chapters, there are 
general discussions about the world dis- 
tribution of arboviruses, and of their 
vectors and vertebrate hosts, which give 
useful summaries. These are followed 
by brief discussions of their significance 
for man and clinical manifestations. 
Finally, the specific problems of dengue 
and yellow fever in the Caribbean are 
described. 

As a monument to the notable work 
of the Rockefeller Foundation in the 
field of arboviruses this book fulfils its 
primary objective. As a reference book 
for the serious worker it is less satis- 


factory. Much is omitted about funtla-. 


mental work, some of the epidemiology 
is dealt with perfunctorily, and there is 
little reference to recent manifestations 


such as the dengue shock syndrome. 
The most useful sections of the book 
are the second part and some of the 
third which, with the extensive biblio- 
graphy, are ready sources of knowledge. 
C. C. DRAPER 


Pituitary 


The Pituitary Gland: A Comparative 
Account. By R. L. Holmes and J. N. 
Ball. Pp. x+397. (Biological Structure 
and Function.) (Cambridge University 
London, February 1974.) £10; $28.50. 


THe first chapter of this book deals 
briefly, but adequately, with a general 
appraisal of the embryology, morph- 
ology and physiology of the pituitary 
gland. The next few chapters deal with 
morphology and cytology of the various 
parts of the gland in mammals begin- 
ning with the pars distalis. Perhaps the 
most confusing aspect of pars distalis 
cytology lies in the nomenclature used 
to describe different cell types. Al- 
though a functional name is to be pre- 
ferred, for example thyrotroph for 
TSH cells, in many cases this is not 
possible, and the use of other systems 
of nomenclature, though no fault of 
the authors, makes this a difficult chap- 
ter to read. 

A major fault in this chapter, which 
also deals with staining techniques, and 
the ultrastructure of the pars distalis, 
lies in the omission of any reference 
to the use of the peroxidase-labelled 
antibody method for identifying cell 
types. This technique has been widely 
used in both light and electron micro- 
scope studies in the last few years. 

The beauty of the opening colour 
plate whets the appetite for the sub- 
sequent micrographs; the identification 
of cell types in electron micrographs is 
certainly adequately described, but 
nearly all of the electron micrographs 
are of poor quality. ; 

Chapter 4 deals with the pars tuber- 
alis -and pars intermedia, serving to 
point out the lack of knowledge of 
these two subdivisions of the pituitary. 
A general outline of the neurohypo- 
physis, which includes the median 
eminence, follows in chapter 5, with 
chapter 6 covering the basis for a 
neural control of the pars distalis. There 
is a certain amount of repetition of 
chapter 1 here, but the objective ap- 
proach of the authors makes this chap- 
ter very useful for anyone looking for 
a brief appraisal of the historical and 
comparative evidence, for and against, 
a neurovascular control of parl dist- 
alis function. , 

The next eight chapters are con- 
cerned with.a comparative account of 
pituitary sffucttire and function, with 
a greater emphgsis on structure, and 
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it is in these chapters that the book 
becomes an invaluable information 
source for both research workers and 
teachers. The importance of the portal 
vessels is not diminished, but to be 
able quickly to refer to those mem- 
bers of the animal kingdom which 
have an anterior pituitary gland, but 
no portal vessels, demonstrates that our 
dogmas sometimes need deflating. 

In each of these eight chapters, in- 
formation is divided under subhead- 
ings; for example in the chapter on 
teleosts a general paragraph is followed 
by sections covering the overall struc- 
ture in several teleost species. This is 
followed by a description of the histo- 
physiology of the pars 4distalis, with 
very useful sections devoted to different 
cell types from both a morphological 
and a physiological viewpoint. Hypo- 
thalamic control of the teleost pars 
distalis is then considered from the 
physiological viewpoint, with several 
subsequent pages devoted to the pars 
intermedia. A consideration of neural 
lobe and hypothalamus follows, and 
anatomical aspects of hypothalamic 
control of the anterior pituitary end 
the chapter. I feel that if these sub- 
divisions had been tabulated, either in 
the list of contents, or at the beginning 
of each chapter, the use of this book 
as a reference source would have in- 
creased further. 

But any book which goes into such 
detail in describing the pituitary gland 
in vertebrate groups from fish to man 
will be a useful addition to libraries. 

H. M. CHARLTON 


Not only frog and rabbit 


Comparative Vertebrate Morphology. 
By Douglas and Molly Webster. Pp. 
XIV+517. (Academic: New York and 
London, January 1974.) $32. £15.35. 


THIS is an interesting new book on 
vertebrate morphology, set in clear, 
readable type and well illustrated. The 
adjective ‘‘comparative’’ in the title is 
fully justified, each organ system being 
illustrated for an example of each 
extant class or order, as appropriate, 
and the text similarly trying to cover 
each extant group. The book certainly 
does not follow the usual ‘dogfish— 
frog—rabbit? format. Moreover, the 
text is heavily slanted towards a func- 
tional morphological approach, which 
will undoubtedly make more interest- 
ing reading for students than several 
of ‘the rival texts. The book concen- 
trates on extant vertebrates, though 
the phylogenetic relationships €x- 
pressed by current palaeontological 
opinion are fully appreciated, and used 
frequently in diagrams. There are a 
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few minor errors, for example the ball- 
and-socket joint is a characteristic of 
many placoderms, not just Dinichthys 
(page 22), and the description of the 
mole’s digging musculature (page 146) 
is decidedly misleading. But errors 
seem to be reassuringly few in number, 
and the book can at least be com- 
mended as an informative text. 

The preface says that the book has 
been written for students attending a 
one semester course on vertebrates, 
and before one can recommend it as 
such, it must be considered in relation 
to its rivals, especially Romer’s 
Vertebrate Body which I recommend 
to my students. In this comparison, 
the Webster’s book scores heavily on 
its functional approach—Romer is 
by contrast rather dry reading. 
Romer’s book is, not surprisingly, 
better grounded in palaeontology, and 
gives a better account of the skeletal 
systems. The Websters on the other 
hand, give a better account of the 
nervous system. In value, however 
Romer’s book is so superior that the 
comparison is hardly worth making— 
it contains about 35% more figures, 
16% more pages, a much better biblo- 
graphy, yet costs only 30% of the 
Websters’ book. It is difficult to know 
quite why this new text should be so 
expensive, but the 45 mm margins to 
the text are wasteful and the insert of 
six unhelpful colour plates seems an 
extravagance. Romer’s use of colour 
on ordinary text figures is far more 
satisfactory. 

In summary, then, this text is suf- 
ficiently different from its rivals to 
warrant a place in university libraries. 
On simple economic arguments, it 
cannot possibly be commended to 
students. 

D. W. YALDEN 


Snake bite 


Toxicology and Pharmacology of 
Venoms from Poisonous Snakes. by 
John H. Brown. Pp. xiv+184. 
(Thomas: Springfield, September 1973.) 
$13.75 cloth; $9.95 paper. 


I FIND little merit in this book. For 
one thing the production is poor. The 
reproduction of most of the 84 colour 
plates is bad, of some very bad and 
of two upside down. It is claimed to 
be encyclopaedic but the widespread 
and dangerous viper, Echis carinatus, 
receives scant mention and none in 
the chapter on symptomatology and 
treatment. Snakebite in England is 
mentioned but not in the subcontinent 
of India! 

I cannot make out to whom thg book 
is addressed. The*chaptereon pharma- 
cology is in technical language and con- 
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tains information likely to interest only 
research workers. The factors which 
make the distinctions between those 
known to be dangerous, those only 
potentially dangerous and harmless 
snakes are only vaguely indicated. 
There is a full list of poisonous snakes 
around the world but not a hint on 
how to go about identifying a speci- 
men. Those who do not already know 
snakes will learn little. 

The best parts deal with yields and 
preparation of venom and assessment 
of toxicity. These seem, however, 
unlikely to justify the purchase price 
to many readers. 

GARTH UNDERWOOD 


Above the atmosphere 


Radio Wave Propagation. By Armel 
Picquenard. Pp. vi+343. (Macmillan: 
London and Basingstoke, April 1974.) 
£10. 


THIS year is the fiftieth anniversary of 
the experimental proof of the existence 
of the ionosphere, so that there is a 
special interest in the subject of Pro- 
fessor Picquenard’s new book. It is 
refreshing to be able to welcome such 
a book from a Brazilian author, when 
there have been so many books on 
related subjects from more northerly 
parts of the American continent. 

The whole range of subjects in radio 
propagation is reviewed. The early 
chapters are concerned with the tropo- 
sphere, including both stratified media 
and scatter propagation, and with the 
Earth’s surface, including both smooth 
and irregular terrain and diffraction by 
obstacles. The chapter on the iono- 
sphere deals with its formation and 
temporal variation and discusses pro- 
pagation mainly for an isotropic 
plasma. 

The object is to show how to assess 
a given radio communication link. 
More than one third of the book is 
devoted to the last chapter entitled 
“Practical Calculation of Radio 
Links”, but much of this space is 
occupied by charts and diagrams, for 
example a series of 24 maps of the 
world showing how the intensity level 
of atmospherics varies with frequency 
and with time of day, through the 
year. 

This book is for the practical com- 
munications engineer who wants to 
know the answers and is prepared to 
take the theory on trust. It is not for 
the more serious scientist who wants 
to understand the theory and apply it 
to new situations. There are errors in 
same of the formulae although many 
of them are only minor. On the whole 
it is a useful book. l 

K. G. BUDDEN 
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Announcements 


Awards 


H. H. Lamb has been given the Mur- 
chison Award of the Royal Geogra- 
phical Society for his work in the field 
of climatic change. 


Graham Highman has been awarded 
the De Morgan Medal and Paul M. 
Cohen the Senior Berwick Prize of the 
London Mathematical Society. 


Errata 


In the article “Effects of, bicuculline 
on functions of inhibition in visual 
cortex” by D. Rose and C. Blakemore 
(Nature, 249, 375; 1974) the following 
corrections should be made: the last 
sentence of para 1 on page 376 should 
read “The erratic mechanical stability 
of the preparation for topical applica- 
tion used in some experiments, has 
meant that few cells have been fully 
analysed so far.’; line 12, para. 6 should 
read ‘. . . best orientation. This suggests 
the Presence . . .; and in Table 1, in the 
column “cortical layer” the first entry 
should be VI, the third ki and the 
fourth IV. 


In the article “Do pD-glucosamine and 
p-galactosamine form a part of the 
specific receptor sites for, the compe- 
tence substance on the cell wall of 
Pneumococcus?” by M. Kohoutova and 
J. Kocourek (Nature, 247, 277; 1974) 
the first sentence of the paragraph 
under Fig. 4 should read “The presence 
of a  2-N-acetamido-4-amino-2,4,6- 
trideoxyhexose was also reported in the 
C substance’’”’, and not as printed. 


In the article “Behavioural' and physio- 
logical bases of drinking inhibition in 
water deprived rats” by E.'B. Blass and 
W. G. Hall (Nature, 249, 485; 1974) 
the first word of the fourth column of 
Table 1 should be drink and not 
pre-load. ` 


1 
l 


| 
International meetings 


August 25-30, 9th Meeting of the 
Federation of European ‘Biochemical 
Societies (the Secretariat; of the 9th 
FEBS Meeting, H-1502 Pudapesi, P.O. 
Box 7, Hungary). 


August 27-September 3, International 
Symposium on Discharge of Sewage, 
from Sea Outfalls (Water Pollution Re- 
search Laboratory, Elder Way, Steven- 
age, Herts SGI 1TH, UK). 


ar 


September 1-6, International Sympo- 
sium on Bread (James Hadley, Execu- 
tive Director, The Rank Prize Funds, 
152 Grosvenor Road, London SW1V 
3JL). 


September 1-6, 15th Congress of the 
International Society of Haematology 
(Fifteenth Congress, International 
Society of Haematology, P.O. Box 
12060, Jerusalem, Israel). 


September 1-7, Ist Intersectional Con- 
gress of the International Association 


of Microbiological Societies (Dr Daizo ` 


Ushiba, Secretary General, First Inter- 
sectional Congress of JAMS, c/o 
Science Council of Japan, 7-22-34, 
Roppongi, Minato-ku, Tokyo 106, 
Japan). 


September 1-14, UNESCO-UNDP- 
ICRO Training Course on The Cell 
Nucleus (Professor F. B. Straub, Bio- 
logical Research Center, Hungarian 
Academy of Science, H-6701 Szeged, 
P.O.B. 521, Hungary). 


September 2-6, 3rd International Con- 
gress on Photosynthesis (Photosynthesis 
Secretariat, Department of Biochemis- 
try, Weizmann Institute of Science, 
Rehovot, Israel). 


September 2-6, Residential School 
Binding Processes Involving Biopoly- 
mers (Miss J. M. Usher, The Chemical 
Society, Burlington House, Piccadilly, 
London W1V OBN). 


September 2-6, 6th Conference on 
Molecular Spectroscopy (Mr C. H. 
Maynard, The Institute of Petroleum, 


61 New Cavendish. Street, London 
WIM BAR). 
September 2-7, British Association 


for the Advancement of Science Stir- 
ling Annual Meeting (British Associa- 
tion, 23 Saville Row, London W1X 
2AA). 


September 2-7, áth International Con- 
gress on Hormonal Steroids (Congress 
Secretariat, Dr J. L. Mateos, Apartado 
postal 73-132, México, D.F.). 


September 2-7, 12th International 
Congress for Fat Research (Società 
Italiana per lo Studio delle Sostanze 
Grasse, Twelfth ISF Congress, c/o 
Stazione Sperimentale Oli e Grassi, Via 
G. Colombo 79, 20133 Milano, Italy). 


September 3-6, 5th Canadian Medical 
and Biological Engineering Conference 
(Dr Chas. A. Laszlo, Technica] Pro- 
gram Chairman, Bio-Medical Engineer- 
ing Unit, McIntyre Medical Sciences 
Centgr, McGill University, 3655 Drum- 
mond St, Montreal, Quebec, H3G 1Y6, 
Canada). 
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September 4-6, Conference on Ele- 
mentary Particle Physics at Ultra High 
Energies (Dr V. A. Bull, Department 
of Physics, Westfield College (Univer- 
sity of London), Kidderpore Avenue, 
London NW3 7ST). 


September 6-9, Course on the Biolo- 
gical Basis of Ageing (Director of 
Special Courses, Department of Adult 


Education and Extramural Studies, 
University of Leeds, Leeds LS2 9JT, 
UK). 


September 7-10, 28th Annual Meeting 
of The Society of General Physiolo- 
gists (The Society of General Physio- 
logists, Box 257, Weods Hole, 
Massachusetts 02543). 


September 8-10, International Sympo- 
sium on Foams (Dr D. Seaman, Im- 
perial Chemical Industries Ltd, Jealott’s 
Hill Research Station, Bracknell, Berk- 
shire RG12 6EY, UK). 


September 8-13, ‘National Meeting ‘of 
The American Chemical Society 
(American Chemical Society News 
Service, 1155 16th St, N.W. Washing- 
ton D.C. 20036). 


September 8-14, Ist International 
Congress of Ecology (Secretariat 1st 
International Congress of Ecology, P.O. 
Box 9000, The Hague, The Nether- 
lands). 


September 8-14, International Solvent 
Extraction Conference, 1974 (Dr A. 
Naylor, British Nuclear Fuels Limited, 
Windscale and Calder Works, Seascale, 
Cumberland, CA20 1PG, UK). 


September 9-11, Neurophysin Pro- 
teins: Carriers of Peptide Hormones 
(New York Academy of Sciences, 2 
East 63rd Street, New York 10021). 


September 9-11, 4th Meeting of the 
European Connective Tissue Clubs (Dr 
A. J. Bailey, Agricultural Research 
Council, Meat Research Institute, Lang- 
ford, Bristol BS18 7DY, UK). 


September 9-11, International Sympo- 
sium on Radiation Protection in Mining 
and Milling of Uranium and Thorium 
(Symposium Joint Secretariat, c/o 
Occupational Safety and Health 
Branch, International Labour Office, 
CH-1211 Geneva 22, Switzerland). 


September 9-I1, 17th International 
Conference on the Biochemistry of 
Lipids (Dr Giovanni Galli, Institute of 
Pharmacology and Pharmacognosy, 
University of Milan, Via A. Del Sarto 
21, 20129 Milano, Italy). 
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September 9-12, 3rd International 
Conference Gas Discharges (Confe- 
rence Department, Institution of Elec- 
trical Engineers, Savoy Place, London 
WC2R OBL). 


September 9-13, 7th International 
Conference on Water Pollution Re- 
search (SOCFI, 7 rue Michel Ange, 
75018 Paris). 


September 9-13, 4th International 
Symposium on Medicinal Chemistry 
(Secretariat 4th International Sympo- 
sium on Medicinal Chemistry, ¢/o 
Merck Sharp and Dohme B.V., Waar- 
derberg 39, P.O. Box 581, Haarlem, 
The Nethesfands). 


September 9-14, 18th Ampere Con- 
gress on Magnetic Resonance and Re- 
lated Phenomena (Professor E. R. An- 
drew, Department of Physics, The 
University, University Park, Nottingham 
NG7 2RD, UK). 


September 10-14,  Biostereometrics 
*74 Symposium (Dr R. E. Herron, Bio- 
stereometrics Laboratory, Texas Insti- 
tute for Rehabilitation and Research, 


Baylor College of Medicine, 1333 
Moursund Ave., Houston, Texas 
77025). 

September 10-14, 3rd International 


Conference on Ferroelectricity (Dr H. 
Montgomery, Physics Department, The 
University, King’s Buildings, Mayfield 
Road, Edinburgh EH9 33Z, UK). 


September 11-14, 
Congress of Collegium Internationale 
Activitas Nervosae Superioris (2nd In- 
ternational Congress of CIANS, 
Czechoslovak Medical Society, J. E. 
Purkyne, Sokolska 31, 120 26 Praha 
2, Czechoslovakia). 


September 13-14, Conduction Elec- 
tron Scattering in Metals (The Meetings 
Officer, The Institute of Physics, 47 
Belgrave Square, London SW1 8QX). 


September 15-21, 3rd International 
Congress on Muscle Diseases (Professor 
J. N. Walton, Charman of the Organi- 
sing Committee of the Third Interna- 
tional Congress on Muscle Diseases, 
Regional Neurological Centre, New- 
castle General Hospital, Newcastle, 
UK), 


September 15-21, 11th International 
Congress on High Speed Photography 
(lith International Congress on High 
Speed Photography, c/o Centra] Unit 
for Scientific Photography, Royal Air- 
craft Establishment, Farnborough, 
Hants, UK). 


2nd International 


a) 


September 16-18, International Sym- 
posium Theory and Practice of Emul- 
sion Technology (Dr D. Seaman, Im- 
perial Chemical Industries Ltd, Jealott’s 
Hill Research Station, Bracknell, Berk- 
shire, RG12 6EY, UK). 


September 16-20, 5th European Sym- 
posium on Fluorine Chemistry (Dr 
John G. Gibson, The Chemical Society, 
Burlington House, London WIV OBN). 


September 16-21, 6th International 
Conference on Magnetic Resonance in 
Biological Systems (Professor K. Wiith- 
rich, Institute of Molecular Biology and 
Biophysics, ETH, 8049, Ziirich, Switzer- 
land). 


September 16-21, 6th L. H. Gray 
Conference on the Initial Shapes of 
Cell Survival Curves: Clinical and 
Theoretical Implications (Dr Tikvah 
Alper, Medical Research Council, Ex- 
perimental Radiopathology Unit, Ham- 
mersmith Hospital, London W12 OHS). 


September 17-19, 3rd European Con- 
ference on Hard Magnetic Materials 
(Professor K. Hoselitz, Mullard Re- 
search Laboratories, Cross Oaks Lane, 
Redhill, Surrey RHI SHA, UK). 


September 17-19, Stress Vibration and 
Noise Analysis in Vehicles (T. H. 
Richards, Department of Mechanical 
Engineering, University of Aston, Gosta 
Green, Birmingham B4 7ET, UK). 


September 17-20, International Sym- 


posium on Practical Applications of 
Ergonomics in Industry, Agriculture 
and Forestry (Organising Committee 
for the International Symposium on 
Ergonomics, Ministry of Labour, Str. 
Scaune No. 1-3, Bucharest, Rumania). 


September 18~19, Electrical Properties 
of Polymers (The Meetings Officer, The 


Institute of Physics, 47 Belgrave Square, 
London SWIX 8QX). 


September 18-19, Seminar on Electro- 
statics: Fundamentals, Application and 
Hazards (The Meetings Officer, The 
Institute of Physics, 47 Belgrave Square, 
London SWIX 8QX). 


September 18-20, Interim Colloquium 
on Field Simulation (Dr Yakup Paker, 
Polytechnic of Central London, 115 
New Cavendish Street, London W1M 
8JS). 


September 18-27, General Assembly 
of International Council of Scientific 
Unions (Associate Secretary General of 
IUPAP, c/o Institute of Theogetical 
Physics, Fack, S-402 20, Göteborg 5, 
Sweden). 


eGedgraphic Health Studies, John E. 
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Reports and Publications 


Great Britain 


The Ciba Foundation for the Promotion of 
International Cooperation in Medical and 
Chemical Research. Annual Report for 1973. Pp. 
58. (Lodon: The Ciba Foundation, 1974.) {is 

International Tin Research Council. Annual Re- 
port for 1973. Pp. 48. (Greenford, Middx.: Tin 
Research Institute, 1974.) [15 

Bulletin of the British Museum (Natural History). 
Entomology. Vol. 30. No. 3: A Catalogue of the 
Family-Group and Genus-Group Names of the 
Coleophoridae (Lepidoptera). By K. Sattler and 
w. G. Tremewan. Pp. 183-214. (London: British 
Museum (Natural History), 1974.) £1.50. {25 

Philosophical Transactions of the Royal Socicty 
of London. A: Mathematical and Physical Sciences. 
Vol. 276, No. 1257: The Place of Astronomy in 
the Ancient World—a Discussion. Edited by F. R. 
Hodson. Pp. 1-276. Vol. 276, No, 1258: Derivation 
and Testing of a Molecular Orbital Description of 
Ligand Field Spectra. By B. D. Bird, E. A. Cooke, 
P. Day and A. F. Orchard. Pp. 277-339. (London: 
The Royal Society, 1974.) [25 

The Year Book of the Royal Society of London 
1974. (No. 78). Pp. 466. (London: The Royai 
Society, 1974.) £2.10. {35 

Proceedings of the Royal Irish Academy. Vol. 
74, Section A. No. 6: Generalized Shape Theory. 
By T. Porter. Pp. 33-48. 38p. No. 7: The Con- 
fromal Properties of a Poincare Invariant Fied! 
Theory. Pp, 49-60. 26p. No. 8: On the Expansion 
of Closed Universes. By P. Yodzis. Pp. 61-66. 18p. 
Vol. 74, Section B. No. 6: The Donegal Granite-~ 
a Gravity Analysis. By D. G. C. Young. Pp. 63~74. 
2ip. No. 7: The Lower Palaeozoic Stratigraphy of 
the Northern Part of the Leinster Massif. By P. M. 
Bruck, T. L. Potter and ©. Downie. Pp. 75-84 + 
plate 2. 27p. No. 8: Littoral and Benthic Investiga- 
tions on the West Coast of Treland—tIll. {Section 
A: Faunistic and Ecological Studies). The Bivalves 


of Galway Bay and Kilkerrin Bay. By B. F. 
Keegan. Pp. 85-123. 50p. (Dublin: Royal Irish 
Academy, 1974.) (75 

Strategic Survey 1973. Pp. 104. (London: The 
International Institute for Strategic Studies, 197) 

Centra! Electricity Generating Board. Annual 
Report 1972-73, Vol. 2: Statistical Digest and 
Detailed Accounts. Pp. 43. (London: CEGB, 1974.) 
£1 net, {95 


Other Countries 


Canada: Department of Energy, Mines and 
Resources. Coal in Canada. Pp 36. (Ottawa: In- 
formation Canada, 1974.) {295 

Smithsonian Contributions to Paleobiology No. 
15: Permian Brachiopods of West Texas, II. By 
G. Arthur Cooper and Richard E. Grant. Pp. vii 
+ 233-793 (plates 24-191) (Washington, DC: 
Smithsonian Institution Press, 1974. For sale by 
US Government Printing Office.) $9.65. (295 

International Labour Office, Geneva. Occupa- 
tional Safety and Health Series, No. 26: Occupa- 
tional Health Problems of Young Workers. By S. 
Forssman and G. Coppée. Pp. v + 143. 
(Geneva: International Labour Office, 1974.) 1305 

Australia: Department of Supply. Annual Re- 
port of the Defence Standards Laboratories 1972/ 
1973. Pp. 88. (Maribyrnong, Victoria: Defence 
Standards Laboratories, 1974.) [305 

Commonwealth Scientific and Industrial Re- 
search Organization, Australia. Annual Report 
1972-73. Division of Animal Physiology. Pp. 85. 
(Melbourne: CSIRO, 1974.) 315 

Endocrine Research Communications, Wol. 1 
No, 1, 1974. Edited by Jerome Kowal. Pp. 1-116. 
Subscription:- Vol. 1 (6 issues) $35. (Students and 
Individual professionals $15, (New York: Marcel 
Dekker Journals.) [315 

Australian Journal of Plant Physiology, Vol. 1 
No. 1, March 1974. Pp. xi + 1I~175. Subscription 
$AI0 per annum. (4 issues) (Melbourne: Common- 
wealth Scientific and Industrial Research Organi- 
zation. 1974.) 

Government of India. Report of the Department 
of Agricultura! Research and Education, 1973/1974. 
Pp. ti + 142. (New Delhi: Department of Agricul- 
tural Research and Education, Ministry of Agri- 
culture, 1974.) [36 

National Cancer Program. Report of the Presi- 
dent’s Cancer Panel, January 1973, submitted to 
the President of the United States. Pp. 15. 
(Bethesda, Md.: US Department of Health, Educa- 
tion and Welfare. Public Health Service, National 
Institute of Health, National Cancer Institute. 
1974.) [36 

Machine Diagnosis and Information Retrieval in 
Medicine in the USSR. (A publication of the 
: Fogarty In- 
ternational Center for Advanced Studies in the 
Health Sciences.) Pp. viii + 138. (Bethesda. Md.: 
US Department of Health, Education and Welfare, 
Public Health Service, National Institutes ‘of 
Health, 1974.) (63 
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Classified Advertisements 


CONDITIONS. All advertisements will only 
be accepted on the condition that the advertiser 
warrants that the advercisements do not in any 
way contravene the provisions of the Trade 
Descriptions Act 1968 and the Race Relations Act 
1968. The Publisher also reserves the right to 
refuse, amend, withdraw or otherwise deal with 
all advertisements submitted to him at his absolute 
discretion and without explanation. All advertise- 
ments must comply with the British Code of 
Advertising Practice. 

The Publishers will not be liable for any loss 
occasioned by the failure of any advertisement to 
appear from any cause whatever, nor do they 
accept liability for printers’ errors, although 
every care is taken to avoid mistakes. 
Semi-displayed £3.60 per 10 mm. Minimum £7.20, 
each additional 2 mm 72p. Full page £230.00. Half 
page across £125.00. 30p is charged for the re- 
direction of replies to advertisements with a box 


number. 
ADVERTISEMENTS SHOULD BE ADDRESSED 
TO: T. G. Scott and Son, Limited, | Clement's Inn, 
London, WC2A 2ED. Telephone: 01-242 6264. 
Telegrams: Textualist, London, V¥.C.2. 


APPOINTMENTS VACANT 
MARINE PHYSIOLOGIST 


The Rosenstiel School of Marine and Atmospheric 
Science has an opening for a whole animal physio- 
Iogist with at least a secondary interest in environ- 
mental physiology, beginning as early as January, 
1975. Responsibilities will include teaching a 
graduate level course on the physiology of marine 
animals. Appointment will be at a rank and salary 
commensurate with experience and qualifications. 
Applicants must have completed the Ph.D. degree. 
Send curriculum vitae and names of five referees 
to Dr Barrie F. Taylor, Chairman of Search Com- 
mittee, University of Miami, R.S.M.A.S., 4600 
Rickenbacker Causeway, Miami, Florida 33149. 
Applications close on August 31, 1974. (2509) 











DIRECTOR. 


The Jackson Laboratory invites applications for 
the position of Director of the Laboratory, which 
become open on October 1, 1975. Qualified 
applicants are invited to submit a curriculum vitae 
and summary of experience to one of the following: 
Dr James D. Ebert, Chairman, Search Com- 
mittee, Marine Biological Laboratory, Woods 
Hole, Massachusetts 02543; 

Dr James F. Crow, Member, Search Committee, 
Department of Medical Genetics, University of 
Wisconsin, Madison, Wisconsin 53706; 

Dr Douglas L. Coleman, Secretary, Search Com- 
mittee, The Jackson Laboratory, Bar Harbor, 
Maine 04609. 


AN EQUAL OPPORTUNITY EMPLOYER. 
(2508) 





UNIVERSITY OF LIVERPOOL 
DEPARTMENT OF BOTANY 


LECTURER IN APPLIED ECOLOGY 


_ Applications are invited for the post of Lecturer 
in applied ecology commencing on October 1, 1974, 
Applicants should possess a good honours degree 
and postgraduate experience in plant ecology, soil 
science or agronomy. An interest or experience in 
applying ecological principles to solving practical 
problems of the environment such as land reclama- 
tion or pollution would be an advantage. 

There will be excellent opportunities for collab- 
orating with a very active research group m 
environmental réhabilitation which has strong links 
with industry and local government. 

Initial salary within the range £2,118 to £2,412 
on a scale rising to £4,896 per annum. 

Applications together with the names of three 
referees should be received not later than July 19, 
1974 by the Registrar. The University P.O. Box 
147, Liverpool L69 3BX from whom further par- 
ticulars may be obtained. Quote ref. RV/N/276073. 

(2495) 
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UNIVERSITY OF MANCHESTER 


DEPARTMENT OF MEDICAL 
BIOCHEMISTRY 


Applications are invited for a Postdoctoral RE- 
SEARCH ASSOCIATESHIP financed by the British 
Heart Foundation. The project involves the isola- 
tion of endothelial cells from major blood vessels, 
their establishment in culture and studies of the 
synthesis of the collagen and glycoprotein com- 
ponents of _ the endothelial basement membrane. 
Experience in cell culture and/or protein synthesis 
would be advantageous. The appointment from 
October 1, 1974 is tenable for two years. Salary 
range p.a.: £2,118 to £2,412 plus F.S.S.U, Applica- 
tons giving the names of two referees shold 
reach the Secretary, Department of Medical Bio- 
chemistry, University of Manchester Medical School, 
Manchester M13 9PT, as soon as possible. (2481) 


. 


PROFESSOR OF BIOMETRY 


Ministry of Agriculture, Fisheries and Food 
Food Science Division, Norwich 


E Join Unit studying reactions of additives and storage effects on 
food m Initially work involves investigating changes in baking quality 
of flour during storage E Help identify basis for variability in 
storage stability. 

G Degree, HNC or equivalent in chemistry-based subject C At least 2 vears’ 
post-graduate experience <j Some biochemical, food or natural product 
orientation ©] Age under 30 71 Appointment as Higher Scientific Officer 
(£2221~{ 2854, under review, plus threshold payments) Z Ref: SB/1o/AE. 
£ Application forms (for return by 18 July 1974) from Civil Service Com- 
mission, Alencon Link, Basingstoke, Hants, RG21 1JB, telephone Basing- 
stoke 29222 ext. 500 or London o1~839 1992 (24 hour answering service). 


Ministry of Agriculture, Fisheries and Food 
Food Science Division, London e, 


Food Scientist/ 
Technologist 


E In Information Unit m Collect, distribute and use scientific and 
technical information on various aspects of food science and tech- 
nology, nutrition and toxicology. 

m Degree, HND in Food Science/Technology [] Experience of information 
work or work in food industry an advantage 1] Age under 27 "] Appointment 
as Scientific Officer (£1663~£2557, under review, plus threshold payments) 
O Ref: SB/9/AE. E , 

J Application forms (for return by 18 July 1974) from Civil Service Com- 
mission, Alencon Link, Basingstoke, Hants,RGzr 1JB, telephone Basingstoke 
29222 ext. 500 or London 01-839 1992 (24 hour answering service). 


British Museum (Natural History) 


Assistant 
Cytotaxonomist 


E Routine organisation of laboratory and cultural facilities at 
Chelsea Physic Garden m Undertake cytological and other bio- 
systematic investigation in support of research projects. _ 

i? Degree, HNC or equivalent in Botany 2} Practical experience in relevant 
fields desirable ': Age under 27 D Appointment as Scientific Officer (£1662— 
£2557, under review, plus threshold payments) C Ref: SB/28/DK. 

i.’ Application forms (for return by 22 July 1974) from Civil Service Com- 
mission, Alencon Link, Basingstoke, Hants, RG2r 1JB, telephone Basing- 
stoke 29222 ext. 500 or London o1-839 1992 (24 hour answering service). 


Science 


CIVIL SERVICE 





OR BIOSTATISTICS 


NAF kee. i os a Omri ee 


— Wa pa 


(2668) 


PORTSMOUTH POLYTECHNIC 
DEPARTMENT OF CHEMISTRY 


Applicants are invited to apply for a new 
senior faculty position in the Statistical Science 
Division, Department of Computer Science, 
SUNYAB, starting in September 1975. Applicants 
should have an outstanding record of research, 
training and collaboration in the Health and 
Statistical Sciences, Responsibilities include teach- 
ing, developing curriculum for undergraduate 
and graduate courses in Biometry and Statistical 
Science for specialists and non-specialists, and 
active participation in the collaborative activities 
within the Statistical Laboratory. Applications 
from women and minority candidates will be 
especially welcome. Please send curriculur® vitae 
to; n 
Professor Marvin Zelen, Chairman 
Search Committee 
Statistical Laboratory 
SUNY at Buffalo 
4230 Ridge Iga Read 
Amherst, New York 14226 


(2569) 


Application are invited for a 


TEMPORARY LECTURESHIP IN 
MATERIALS TECHNOLOGY 


from graduates with a specialised knowledge of 
the chemistry and application of PLASTICS/ 
PAINTS and other PROTECTIVE COATINGS. 


The appointment will be made either at 
Lecturer Grade I or Lecturer Grade II level 
according to qualifications and experience, 


Salary scales: Lecturer Grade I: £1,800 to 
£3,045 per annum: Lecturer Grade HI; £2,700 to 
£3,474 per annum. 


Application forms and further particulars may 
be obtained from the Staff Officer, Portsmouth 
Polytechnic, Alexandra House, Museum Road, 
Portsmouth, POI 2QQ, to whom cornpleted 
applications should be returned by July 15, 1974. 
Please quote reference D50. (2577) 
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HARWELL 


laser applications. 


development are: 
Liquid Physics 
Image Analysis 


including lasers. 


of materials. 


RESEARCH POST AT THE 
OXFORD HAEMOPHILIA CENTRE | 


Applications are invited from medically qualified 
graduate scientists with some experience of research 
in some aspect of haemostasis for appointment as 
a member of a small team of Medical Research 
Council staff working at the Oxford Haemophilia 
Centre, under the direction of Dr Rosemary Biggs. 
The successful candidate will be expected to co- 
operate with other members of staff on projects 
already progressing at the Centre and to initiate a 
research project or projects in the general field of 
interest of the work at the Centre. The work of 
the M.R.C. staff is integrated with that of the 
N.H.S. Clinical Unit, many projects being under- 
taken jointly, and an Honorary Clinical contract 
with the United Oxford Hospitals may be sought 
at a level appropriate for the successful candidate. 
The M.R.C. and N.H.S. staff also work in- close 
co-operation with the staff of the Lister Institute 
Piasma Fractionation Laboratory and joint research 
projects may be planned. The appointment will be 
to the M.R.C. staff on the appropriate scientific 
grade and will initially be for a period of five 
years with the possibility of renewal at the end 
of this period. Superannuation provision. 


Applications should be addressed to Dr Rose- 
mary Biggs, Director, Oxford Haemopbilia Centre, 
Churchill Hospital, Headington, Oxford OX3 7LJ. 

: (2477) 





ASSISTANT PROFESSOR OF 
HUMAN GENETICS 


Applications are invited from qualified Ph.D. 
and/or M.D. with educational research back- 
ground in genetics, biochemistry, and cell biology. 
Candidate must have significant research accom- 
plishments and teaching capabilities in all of the 
above areas, Preference will be given to those 
whose research focus is either in mammalian 
chromosome structure and function, or bio- 
chemistry of genetic variation in eukaryotic 
(preferably human) organisms. ° 


Please send complete curriculum vitae and 
three references to: Chairman, Department of 
Human Genetics, University of Pennsylvania 


School of Medicine, Philadelphia, Pennsylvania 

19174, U.S.A. 

An equal  opportunity—affirmative action 

employer. 2573) 
® 


Physics of Materials 


The Physics Divisions at Harwell covera broad range of 
activities reflecting the Laboratory's breadth of interests and 
knowledge, with particular expertise and responsibilities in 
the application of new techniques to nuclear and non- 
nuclear materials problems, in neutron beam research and in 


Applications areas of particular interest and under 


Laser Applications 


Our LIQUIDS experience is in the study of liquid movement, 
and flow-induced vibration using optical techniques 


The IMAGE ANALYSIS studies are developing new 
electronic techniques of image processing and analysis. 

In LASER APPLICATIONS our interests cover the use of 
both low and high power lasers for the study of the physics 


We are looking for people with post-graduate experience in 
related areas with interest in physics application, andthe 
energy to pursue and develop them. We will appoint either to 
our permanent staff or to three year Fellowships in a salary or 
stipend range of £2000-£3500 p.a. 
Applications should be sentto: 
Appointments Section ‘A’, 

AERE, Harwell, Oxfordshire OX11 ORA. 






{2605) 


RESEARCH ON TRANSFERABLE 
' DRUG RESISTANCE 
ENTERIC REFERENCE 
LABORATORY 


Applications are invited for two posts in the 
Enteric Reference Laboratory, Public Health 
Laboratory Service, Colindale, directed by Pro- 


fessor E. S. Anderson, Successful candidates will 


join a team transferable 


resistance. 

(1} A microbial geneticist to 
demiological and ecological 
transferable drug resistance 
bacteria. ` 


(2) A microbial or molecular geneticist for 
research. on the genetic and molecular 
characterisation of plasmid transfer 
systems, 


Candidates with a lst or 2nd class honours 
degree or a Ph.D. will be considered. Starting 
salary in accordance with age and experience. 


Application with full curriculum vitae and 
names of 2 referees to Personnel Officer, Cen- 
tral Public Health Laboratory, Colindale Avenue, 
London NW9 SHT. (2517) 


investigating drug 


study epi- 
aspects of 
in entero- 


UNIVERSITY OF NOTTINGHAM 
SCHOOL OF AGRICULTURE 
DEPARTMENT OF PHYSIOLOGY AND 
ENVIRONMENTAL STUDIES 


EXPERIMENTAL OFFICER 


Applications are invited for the post of Experi- 
mental Officer within the Plant Physiology 
Section. The duties involve carrying out research 


- on the structure and properties of tobacco. The 


post would be suitable for a recent graduate in 
Biology or Biochemistry, who has expertise in 
preparation of sections for light microscopy and 
electron microscopy. Determination of nicotine 
content is also part of the work. and thus experi- 


_ ence or at least interest in gas chromatography 


would he an added advantage. The post is for 
an initial period of one year, with possible 
extension to a total period of 2 years, 10 months. 
Starting salary within the range £1,569: £1,647% 
£1.725, under review. Application formy from the 
Staff Appointmentse Offiger, æThe niversity, 
Nottingham, quoting reference 379. Closing date 
July 7, 1974. (2580) 
9 


` culture 


UNIVERSITY OF BIRMINGHAM 
DEPARTMENT OF CANCER STUDIES 


Research Technician, Grade III, is required 
to work on a project involving a study of the 
mechanism of carcinogenesis by chemical com- 
pounds. Biochemical work, tissue culture work 
and some animal experimentation will be in- 
volved. Preference will be given to candidates 
with experience in either biochemistry or tissue 
techniques. Applicants must have an 
ONC in an appropriate subject and several years 
laboratory experience. Salary will be on the 
scale £1,650-£1,920. Applications should be sent 
with a curriculum vitae and the names of two 
referees to the Personnel Department, University 
of Birmingham, Birmingham, B15 2TT. Ref. 
450/B/264. (2546) 





PORTSMOUTH POLYTECHNIC 
SCHOOL OF PHARMACY ` 


RESEARCH ASSISTANTSHIP 


Applications are invited from graduates with a 
good honours degree in Pharmacy or a subject 
which includes bacteriology. Applicants about 
to graduate will be considered. The successful 
applicant, who will be expected to register for a 
higher degree, will work in the general area of 
competitive growth in mixed cultures of interest 
to medical microbiology. 


Salary scale: £1,320 to £1,420 per. annum. 


Application forms and further particulars may 
be obtained from the Staff Officer, Portsmouth 
Polytéchnic, Alexandra House, Museum Road, 
Portsmouth, POI 2QQ, to whom completed 
applications should be returned by July 15, 1974. 
Please quote reference R73. (2576) 





THE UNIVERSITY OF 
NEWCASTLE UPON TYNE 


CHAIR OF PHYSICS 


Applications are invited from experimental 
physicists for the Chair which was held until his 
death by Professor W. R. Hindmarsh. This is 
the third Chair in the School of Physics (the 
others being Geo- and Planetary Physics, and 
Theoretical Physics). Salary in accordance with 
the Professorial Scale (£5,625 by £96 toa £5,721 
by £195 to £6,561) with membership of F.S.S.U. 


Further particulars may be obtained from the 
Registrar, the University of Newcastle upon Tyne, 
6 Kensington Terrace, NE1 7RU, with whom 


‘ applications (15 copies), giving the names of not 


more than three referees, must be lodged not 
later than August 31, 1974. (Applicants from 
outside the British Isles may submit one copy 
only.) (2584) 


UNIVERSITY OF DURHAM 
DEPARTMENT OF GEOLOGICAL SCIENCES 
SENIOR DEMONSTRATOR IN 
GEOPHYSICS 


Applications are invited for the post of Senior 


` Demonstrator in Geophysics in the above Depart- 


ment from October I, 1974 for two years in the 
first ` instance with possible renewal for a third 
and final year. Preference will be given to candi- 
dates with a good single or joint Honours degree 


in either Geology or Physics and with post- 
graduate research training in solid-earth geo- 
physics. 


Salary will be at an appropriate point on the 
scale £1,908 to £2.820 with F.S.S.U. 


Applications (3 copies} naming three referees, 
should be sent by July 15, 1974 to the Registrar 
and Secretary, Science Laboratories, South Road. 
Durham DH! 3LE, from whom further particulars 
may be obtained. (2582) 


UNIVERSITY OF NOTTINGHAM 
SCHOOL OF AGRICULTURE 


Department of Applied Biochemistry and 
Nutrition 


Applications are invited for a post of Lecturer 
in Plant „Biochemistry within the Department 
of Applied Biochemistry and Nutrition of the 
University of Nottingham. Preference wil] be 
given to graduates with. initial degrees in Bio- 
chemistry or Chemistry and with postgraduate 
experience in Plant Biochemistry. Facilities for 
research can be provided in several areas of ‘Plant 
Biochemistry. The salary will be within the 
range of £2,118 to £4,896 per annum, but the 
appointment will initially be made within the 
first three points of the scale. Application forms 
and further details can be obtained from the 
Staff Appointments Officer, The University, 
Nottingham, quoting Reference 378. Closing date 
July 7, 1974, (2581) 
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MEMORIAL UNIVERSITY OF 
NEWFOUNDLAND 
FACULTY OF MEDICINE 


A new medical school in Canada is expanding 
its faculty and will make post-doctoral and 
faculty appointments in the field of Human 
Biochemical Genetics. Candidates “must be pre- 
pared to work on human biochemical variation 
in the context of collaborative population studies 
though this does not preclude the pursuit of 
other research interests. Interested individuals 
should submit applications accompanied by a 
detailed curriculum vitae to Dr K. B. Roberts, 
Associate Dean for Basic Medical Sciences, 
Memorial University of Newfoundland, St. John’s, 
Newfoundland, A1C 587, CANADA. (2570) 


UNIVERSITY OF RHODESIA 
ENGINEERING 


A Faculty of Engineering has been established 
by the University of Rhodesia in Salisbury, to 
provide four-year Honours degrees in Civil, 
Electrical, Mechanical, or  Inter-disciplinary 
Engineering, with G.C.E. “A” level} entry. 
Faculty buildings are in process of erection. 
Professors have already been appointed in the 
fields of Electrical and Civil Engineering, and 
applications are now invited for the following: 


CHAIR in the field of MECHANICAL ENG- 
INEERING. 


LECTURERS/SENIOR LECTURERS with ex- 
perience in one or more of the following 
areas {the symbois c, e, or m, imply primary 
application in the fields of Civil, Electrical or 
Mechanical Engineering respectively): Building 
Science (c); Control Systems (e, m) Dynamics 
(m}; Electronic Circuit and System Design (e) 
Electrical Machines and Power {e} Electro- 
magnetics {(e); Fluid Mechanics {c, m) Geo- 
technology (c); Materials Science (m, ek 
Mechanical Design {m}, Public Health and Water 
Utilisation {c}; Solid Mechanics (m); Structures 
íc); Telecommunications (e); Thermodynamics 
im); Transportation Intrastructures (c). 


Minimum qualifications: university degree plus 
substantial postgraduation experience, (Corporate 
membership of a Professional Engineering Insti- 
tution desirable). 

Salary Scales (Approx, stg, equiv.}: Professor: 
£7,430 by £277 to £8,812; Senior Lecturer: 
£5,400 by £216 to £7,128; Lecturer I: £4,905 by 
£18! to £5,633; Lecturer II: £3,024 by £156 to 
£3,491 by £173 to £3,836 by £181 to £4,562 by 
£173 to £4,735. Commencing salary according to 
qualifications and experience. 

Family passages and allowances for transport of 
effects; installation loan: trave] allowance for 
Sabbatical and Biennial (Professor) or Triennial 
(Lecturers) visits; superannuation and medical aid 
schemes. For persons recruited outside Rhodesia, 
unfurnished accommodation on or near the 
Campus, and within easy reach of good Junior 
and Senior Schools, is guaranteed for up to 
three years. 

The University is prepared to consider a 
Secondment/Contract appointment. 

Applications: Six copies, giving personal parti- 
culars (including full names, place, and date of 
birth), qualifications, experience, and publications, 
and naming three referees, should be sent by 
August 31, 1974 to the Assistant Registrar 
(Science), University of Rhodesia, P.O. Box MP. 
167, Mount Pleasant, Salisbury; Rhodesia. Appli- 
cants from outside Southern Africa ‘should send 
an additional copy to the Secretary-General, 
Association of Commonwealth Universities 
(Appts), 36 Gordon Square, London WCIH OPF, 
from whom further particulars may be obtained, 
Some appointments are envisaged for 1974, others 
for 1975; applicants should state the earliest date 
available for duty, and also the preferred date. 

(2587) 





UNIVERSITY OF GLASGOW 


Applications are invited for the post of Project 
Engineer to the Kelvin Laboratory. The Enginecr 
is responsible for the maintenance and operation 
of the {30 MeY electron linear accelerator which 
is used for research in nuclear structure physics. 
The techniques invojved include high power s- 
band microwave generation, ultra high vacuum, 
electromagnetic beam analysis and control systems 
for electrical and fluid supplies. 

The duties involve direction of the highly cx- 
perienced technica] staff in these activities, diagno- 
sis and elimination of faults, and development 
leading to improved performance of the accelera- 
tor in experiments. 

The post is remunerated on the new University 
Lecturer’s scale between £3,462 and £4,896 per 
annum, which will be effective from October 1, 
1974, the appointment depending on experience 
and age. 

Further details will be supplied on request. 
Applications. with the names of three referecy, 
should be sent to Professor G. R. Bishop, Kelvin 
Laboratory, N.E.L., East Kilbride, not later than 
July 15, 1974. 


In reply please quote Ref. No. 3486M (2597) 


+ 


BRITISH MUSEUM Natura! History 


Educational 
Technoligist 


To join a team of scientists and designers engaged in 
the development and production of a comprehensive 
new exhibition scheme for natural history including 
biology and geology. 


The successful] candidate wil! assist the team to con- 
ceptualize and organize the subject matter in order 
to define objectives, and will be expected to devise 
methods of presenting complex information and to 
evaluate exhibits and related publications, 


Appointment will probably be as Senior Scientific 
Officer, requiring a good honours degree in a scientific 
subject and at least 4 years postgraduate experience. 
Graduates with a minimum of 2 years experience will, 
however, be considered for appointment as Higher 
Scientific Officer. Preference will be given to those 
with a broad knowledge of biological sciences and ex- 
perience as an educational technologist. 


SALARY: SSO, £3026-£4123; HSO, £2449-£3082. 


For further details and an application form (to be 
returned by 12 July 1974) write to Civil Service 
Commission, Alencon Link, Basingstoke, Hants RG2I 
1]B, or telephone Basingstoke 29222 ext, 500 or 
01-839 1992 (24 hour answering service}. Please quote 
$B/29/DK. (2686) 





POWER STATION CHEMIST 


(salary: HK $6,415 to HK$7,010 per month. Sterling £6,350 to £6,950 a year) 
required by 


HONG KONG GOVERNMENT 
Office of the Water Authority 


Applications are invited from suitably qualified and experienced Power 
Station Chemists for appointment as Senior Waterworks Chemist (Desalting) 
to take charge of all chemical services at the Lok On Pai Desalting Plant. 
The plant is the largest and most modern of its kind in the world operating 
on a multistage flash distillation process, producing 40 MGD of fresh water 
from the sea. The plant will comprise power station equipment, in addition 
to the evaporators. 


Duties will include the setting up of laboratory services, analyses of 
boiler water, fuel, lubricating oils, sea water etc., corrosion monitoring 
and pollution surveys. The Senior Chemist will head a team of assistants 
who will carry out this work and other duties associated with water 
treatment works. 

In addition to the salary quoted, there are extra benefits, including free 
family passages, children’s school passages, paid leave, children’s educational 
allowances, subsidised accommodation, free medical attention, income tax 
at low local rates and a terminal gratuity of 25 per cent. Appointment will 
be on agreement for 24 years. 


For further particulars you should apply, giving brief details of experience 


to: I 


M Division, 4 Millbank, London SWIP 33D, quoting reference number 
Mt/3B /731207/NE, (2594) 
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Research opportunities 


for graduates 


The Laboratory. OurResearch Laboratory 
of 1,350 needs to keep pace with the 
requirements of the Unilever world-wide 
food business. We require three first 

degree graduates, with or without additional 
experience, to work at Welwyn in our Dairy 
Division, which has a staff ofabout 70 
people and services the needs of the Chilled 
Products and Ice Cream businesses. 


Relevant scientific disciplines: 
Chemistry, Biochemistry, Physics, Food 
or Dairy Science. 


Vacancy CWA 198. One vacancy occurs 
in product development to assist in 
devising and processing frozen or chill 
concepts to pilot plant scale. This work 

will require the successful candidate to 
acquire an understanding of the scientific 
principles of the products, since an 
important objective in the totality of our 
work is to relate product development with 
the background work also being undertaken, 


Vacancy CWA 203. It is in the 


background area where the other two 
vacancies occur. One involves assisting 
in a study of the role and function of 


proteins, whereas the other is assisting 
with studies of the interactions of the 
various components in product systems 
through processing and in the final 
product. No previous experience in any 
of these areas is necessarily required, 
since suitable training will be given on 
the job. A good scientific approach and 
clarity and accuracy in communications 
are, however, required. 

Location. Welwyn, Hertfordshire, is 
approximately twenty miles north of 
London, 


Applicants. should write for an 
application form and further details to: 
The Personnel Officer, Unilever 
Research, Colworth. Welwyn 
Laboratory, The Frythe, Welwyn, Herts. 


Unilever Research 
Colworth/Welwyn Laboratory 


(2692) 





UNIVERSITY OF WARWICK 
RESEARCH TECHNICIANS—GRADE 3 


The Department of Biological Sciences has 
vacancies for research technicians in the Virus 
Research Laboratory. The work involves the 
tissue culture of animal cells and the isolation 
and characterisation of nucleic acids. A know- 
ledge of biochemical techniques will be a 
definite advantage. The posts are for contract 
periods of one to three years. Salary on the 
scale £1,650 by £54 to £1,920 p.a. Applications 
in writing as soon as possible, to the Academic 
Registrar, University of Warwick, Coventry CV¥4 
7AL, quoting Ref. No. 46/27/74, (2575) 


MASSEY UNIVERSITY 
PALMERSTON NORTH, NEW ZEALAND 


LECTURER/SENIOR LECTURER IN 
VETERINARY SURGERY 


Applications from graduates in Veterinary 
Science are invited for a teaching position in 
Veterinary Surgery in the Department of Veterinary 
Clinical Sciences to commence as soon as possible. 
Applicants should have had postgraduate experi- 
ence in veterinary surgery and, preferably, should 
hold a postgraduate qualification. Preference will 
be given to candidates who have been working in 
the field of anaesthesiology. 

The successful applicant will be required to teach 
veterinary anaesthesiology to students in the third, 
fourth and fifth years of the course and will be 
responsible to the Head of the Department of 
Veterinary Clinical Sciences. The appointee will be 
expected to participate in other aspects of the 
course in veterinary surgery and will have some 
clinical responsibilities in the general servicing of 
the veterinary clinics and hospitals. Opportunities 
for research in the surgical field are available and 
the appointee may be required to supervise post- 
graduate students and conduct postgraduate 
courses in the area of his speciality. 


Salary: Lecturer NZ$6.753 to NZ$8,568, Senior 
Lecturer NZ$8,718 to NZ$10.232. s 
Lecturer NZ$8,718 to $10,232. 


Conditions of appointment and further details 
may be obtained from the Association of Com- 
monwealth Universities (Appts), 36 Gordon Square, 
London WC1H OPF, or from the Registrar of 
the University. 

Applications close on August 16, 1974 (2589) 


WITWATERSRAND 
JOHANNESBURG, SOUTH AFRICA 


LECTURER IN SEDIMENTOLOGY 


Applications are invited for appointment to the 
above post. Duties are to be assumed on October 


1, 1974. 


Duties attached to the post will include teach- 


ing of sedimentology and aspects of oceano- 
graphy. Research experience in advanced 
techniques of sedimentology will be a recom- 


mendation for appointment. 


Salary will be in the range: R5,520 to R7,935, 
the initial salary will be determined according to 
qualifications and experience. Benefits include an 
annual bonus, pension and medical aid facilities, 


and a housing subsidy, if eligible. 


Intending applicants should obtain the informa- 
tion sheet relating to this post from the Registrar, 
Smuts 
applications 
1974, 

the 
information sheet from the London representative, 
High 
Holborn, London WCI to whom a copy of the 


University of the Witwatersrand, Jan 
Avenue. Johannesburg, with whom 
should be lodged not later than July 31, 
Applicants in the U.K. may obtain 
the Witwatersrand, 278 


University of 


application should be sent. (2613) 





UNIVERSITY OF SYDNEY 
LECTURESHIP IN VETERINARY 
PHYSIOLOGY 


Preference may be given to an 


The appointment will be from January 1, 1975 
or shortly thereafter. It is a permanent position 
but muy be filled for three years imm the 
that time, or in certain cases return fares. 

Salary range. $A9.002 to A$12.352 p.a. 


Applications including curriculum vitae. list of 
publications and names of referees to the Registrar, 
University of Svdney. NSW 2006, Australia, by, 
1974, from whom further information ws 
the 
Association of CommonweaRh Uffiversities (Appts). 


July 31. 


available. Informatio alko available Grom 


36 Gordon Square, London WC1H OPF. (2593) 
= 


applicant 
interested in Endocrinology and Reproduction in 
the Female. Teaching duties, however. will cover 
any part of the undergraduate physiology course. 


first 
instance, with the possibility of permanency after 


THE MIDDLESEX HOSPITAL 
MEDICAL SCHOOL 


(University of London) 
DEPARTMENT OF PHYSICS AS APPLIED TO 
MEDICINE 


A Research Assistant is required for a period 
of one year to work with group investigating solid 
state (Xeroradiography and = JTonography) X-ray 
imaging methods, After completion of one year 
the position may be transferred to that of Lecturer 
in the Department with special responsibilities 
for development work in the field of diagnostic 
rudiology and teaching trainee radiologists, radio- 
wraphers and M.Sc. students. Applications stating 
age. qualifications and experience together with 
curriculum vitac and the names and addresses of 
two referees to Professor J. F. Tait, Department 
of Physics as Applied to Medicine, (N} The Middle- 
sex Hospital Medical School, Cleveland Street, 
London WIP 6DB. (2591) 


MASSEY UNIVERSITY 
PALMERSTON NORTH. NEW ZEALAND 


LECTURER IN BIOPHYSICS 
OR PHYSICS 


Applications are invited for appointment to a 
Lectureship in Biophysics af Physics. 

The appointee will be required to assist with 
teaching and research in Physics or Biophysics 
within the Department of Chemistry. Biochemistry 
and Biophssics. The Department offers Science 
degree units in Physics. Honours Science degrec 
unit, in Biophysics. and appropriate Physics 
courses for the applied faculties of Agricultural 
and Horticultural Science. Food Science and Bio- 
technology, and Veterinary Science. 

Preference could be given to applicants with 
research experience in the field of molecular bio- 
physics. 

Salary: NZ$6.753 to NZS$8.568. 

Conditions of appointment and = details con- 
cerning the University may be obtained from the 
Secretary-General, Association of Commonwealth 
Vniversities (Appts). 36 Gordon Square. London 


WCtH OPF, or from the Registrar of the Uni- 
versity. 

Applications close in New Zealand on August 
10, 1974. (2588) 
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JAMES COOK UNIVERSITY OF 
NORTH QUEENSLAND 


Applications are invited for the following 
appointments: 


LECTURER IN ENGINEERING 
(SYSTEMS) 


Applicants should have a higher degree, pre- 
ferably a Ph.D., with industrial and/or research 
experience in some fields of systems cngincering. 
Some preference will be given to applicants with 
expertise in one of the following: Industrial 
Engineering, Process Engineering; and Environ- 
mental Engineering. The appointee will assist with 
undergraduate and postgraduate courses in Systems 
Engineering and undertake research in an appro- 
priate field of study, 


Applications close July 19, 1974. 
LECTURER IN BOTANY 


Candidates should have a special interest and 
research experience in some aspect of Plant 
Genetics, including Cytogenetics, Plant Breeding, 
Population Studies or some related field. The 
appointee will conduct undergraduate courses in 
the area of his specialisation and assist in the 
general teaching of the Department. 


Applications close July 26, 1974. 
Salary range: $A9,002 to A$2,352 p.a. plus locality 


allowance of $A142 p.a. for a married male, or 
$A7I p.a. for a single appointee. Conditions of 
appointment include F.S.S.U. superannuation, 
invalid pension scheme, housing assistance, study 
leave and allowance for travel and removal ex- 
penses on appointment. ‘ 


Further details and application forms obtainable 
from the Association of Commonwealth Univer- 
sities (Appts), 36 Gordon Square, London 
WCIH OPF. (2592) 





ROYAL POSTGRADUATE 
MEDICAL SCHOOL 


SENIOR TECHNICIAN 


required in research laboratory of the Diagnostic 
Radiology Department, in collaboration with the 
Respiratory and Cardiovascular Research Labora- 
tories. The research carried out in this department 
is largely of a physiological and radiological nature 
and there will be opportunity for, further study, 
including work for a higher degree. Qualifications 
H in physiological measurement/BSc. or 
equivalent; radiographic experience’ not essential. 
Salary in range £1,578 to £2,448 according to 
qualifications and experience. 

Applications to the Secretary, R.P.M.S., 


Hammersmith Hospital, Du Cane Road. London 
W12 OHS, quoting ref. no. 12/102/N. (2590) 


LIVERPOOL POLYTECHNIC 
SCHOOL OF PHARMACY 
SENIOR LECTURER OR 
LECTURER H IN PHARMACOLOGY 


Application are 
Pharmacy, Pharmacology or Toxicology for the 
post of Senior Lecturer or Lecturer H in Pharm- 
acology. A higher degree is essential and relevant 
postdoctoral experience would be an advantage. 


The person appointed will be expected to 
teach pharmacology to honours degree students 
and to engage actively in research, for which 
excellent facilities are available. 


Salary: Senfor Lecturer £3,525 to £4,212 p.a.; 
Lecturer Grade II £2,700 to £3,474 p.a. 


Details available from Staff Office, Dept. N, 
Liverpool Polytechnic, Richmond House, 1 Rum- 
ford Place, Liverpool, L3 9RH. (2599) 





UNIVERSITY OF 
NEWCASTLE UPON TYNE 
DEPARTMENT OF MEDICINE 


RESEARCH ASSOCIATE 


Applications are invited for a postdoctoral post 
as Research Associate to assist in research into 
thyroid and pituitary physiology to be carried 
out in the Department of Medicine. Candidates 
should have experience in organ and tissue 
culture. Previous endoctrine experience would be 
an advantage, The appointment will be for a 
period of up to three years. Salary on the scale 
£2,t18 by £129 to £2,247 by £165 to £2,412 per 
annum. 


Further information may be obtained from Dr 
D. C. Evered, Department of Medicine, University 
of Newcastle upon Tyne, Royal Victoria Infirmary, 
Newcastle upon Tyne NEI 4LP, to whom appli- 
cations providing the names of two referees should 
be submitted within three weeks of this advert- 
isement. (2601) 


invited from graduates in ` 


Reckitt & Colman 


Nutritionist 


To join the Medical Department of a well established and 
expanding Pharmaceutical Division of this major British 


Company. 


The successful applicant will join a highly qualified team, of 
experienced professionals and will provide his or her 
professional contribution on all subjects relating to nutrition. 
Initial work will be in the field of infant nutrition, 

particularly premature infants an enonates, and will involve 
liaison with clinical research workers in centres throughout e, 


the U.K. 


The demands of this job will require the successful applicant 
to be well qualified and experienced, preferably with a 
research orientated career background which will enable him 
or her to function effectively in an atmosphere of new ideas 


and creative work. 


The appointment is located in Hull and the salary will be 


attractive, 


Please write quoting Ref. U.83 for an application form to: 


R. A. Sandow, 

Divisional Personnel Manager, 
Reckitt & Calman, 
Pharmaceutical Division, 
Dansom Lane, Hull HU8 7DS 


UNIVERSITY OF LIVERPOOL 
DEPARTMENT OF BIOCHEMISTRY 


Applications, are invited for the post of 
Demonstrator or Senior Demonstrator in the 
Department of Biochemistry. The post is tenable 
from October 1, 1974, for one year in the first 
instance, renewable yearly though not normally 
more than twice. Salary scale £1,761 to £2,367 per 
annum with F.S.S.U. benefits. 

Applications, together with the names of 
three referees, should be received not later than 
July 12, 1974 by the Registrar, The University, 
P.O. Box 147, Liverpool, L69 3BX, from whom 
further particulars may be obtained. Quote ref 
RV/N/276097. (2598) 





UNIVERSITY OF SOUTHAMPTON 
FACULTY OF MEDICINE 
MICROBIOLOGY 


Senior Chief Technician 


to establish a Research and Teaching 
Laboratory. The appointee will be 
aged between 25-40 and have had 
experience in one or several of the 
following fields; Immunochemistry, 
Virology, Chemical Microbiology or 
Clinical Microbiology. Whitley Coun- 
cil Conditions of Service and salary 
will apply. Further information from: 
Professor P. J. Watt, Faculty of 
Medicine-Microbiology, University of 
Southampton Medical & Biological 
Sciences Building, Bassett Crescent 
East, Southampton SO9 3TU. Tele- 
ore Southampton 559122, Ext. 
411, 


Application forms and job des- 
cription from the Personnel Offictr, 
Southampton Health District,® Tre- 
mona Road, Southampton SO1 6HU. 
Telephone 777222, Ext. 3651. 
Closing datę: Jyly 20, 1974. (2596) 








(2669) 


ST. BARTHGLOMEW’S HOSPITAL, 
LONDON ECIA 7BE 


SENIOR GRADE PHYSICIST 


Applications are invited for the post of Senior 
Grade Physicist in the Department of Radiation 
Physics. The successful applicant will be deeply 
involved in the clinical work of the Radiotherapy 
Department, which employs a wide rangé of 
irradiation facilities (10kKV to 15MeV X-rays and 
electrons). An interest in the advancement of 
treatment planning and the use of Simulators is 
essential. A considerable portion of time will be 
spent on felevant research and development work. 
Lecturing to students is involved. Some experience 
of computers would be advantageous. 

Salary will be in the ranve 2.964 to £3,843 
per annum plus London Weighting. 


Application (to be returned by July 12) to 
Personnel Department, (quoting ref yeaa © 





THE UNIVERSITY OF ADELAIDE 
invites applications for appointment as a 
READER IN THE FIELD OF 
ENVIRONMENTAL STUDIES 


The University proposes to offer a postgraduate 
inter-disciplinary course leading to a Master’s 
degree in Environmenta] Studies. The Reader will 
be Director of the course in Environmental Studies. 
and will have the responsibility of co-ordinating the 
teaching and research programmes of students 
taking the course. 


Applicants should have academic attainments at 
a level that would fit them for appointment as a 
Reader in a relevant field in the sciences, (includ- 
ing the applied sciences) social sciences or the 
humanities. An interest und some experience in 
multi-disciplinary studies is essential. 


Salarv scale: $A16,389, wth superannuation on 
the F.S.S.U. basis. 


Further information, including list of particulars 
required in an application, is available from the 
Reeisttar of the University or from the Secretary- 
General. Association of Commonwealth Univer- 
sities {(Annts}, 36 Gordon Square, London 
WCIH OPF. 


Applications should reach the Registrar, G.P.O. 
Box 498. Adelaide. South Australia 5001 not later 
than July 26, 1974. (2615) 
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Experimental 
Officer 


o 
Pharmaceuticals Division have a vacancy for an 
Experimental Officer to work with a senior 
biochemist on rheumatoid arthritis. 


We are seeking a candidate with a university 
degree or similar qualification, preferably with 
wide experience in biochemical and/or 


immunological techniques. 


Pharmaceuticals Division is attractively situated in 
rural North Cheshire, within easy reach of main 
road and rail routes. Assistance given to married 


Biochemistry 


and retain staff of high calibre. 
Applications in writing, requesting an application 


form should be sent to: 





Ne A 


men in moving to this area is designed to attract 


FOOD HYGIENE LABORATORY 


A.IL.M.D.T. with experience in Bacteriology, 
The laboratory is concerned with the routine 
surveillance of foodstuffs and the investigation of 
problems associated with food hygiene and food 
poisoning. The successful applicant will be en- 
couraged to take part in research projects which 
include work on the many types or organisms 
now associated with food poisoning. 

The laboratory offers good facilities for study 
towards the special examination in bacteriology. 

Further information or arrangements to visit 
the laboratory can be made by telephoning the 
Head Technician, 205 7041. Extension 38. 
Application forms can be obtained from the 
Personnel Officer, Central Public Health 
Laboratory, Colindale Avenue, London NW9 
SHT. (2600) 


CHELSEA COLLEGE 
UNIVERSITY OF LONDON 


DEPARTMENT OF PHYSIOLOGY 


We are looking for two GRADE 4 TECHNI. 
CIANS to take part in research and teaching 
activities. The main responbilities will be in the 
field of human physiology and in the organisation 
and running of the teaching laboratories. We 
would particularly welcome applications from 
persons with experience in human or animal 
physiology and from those who have an under- 
Standing of electronic apparatus and an ability to 
design and make both electronic and mechanical 
apparatus. Salary Scale: £2,023 to £2,338 per 
annum (including £175 London Allowance). Appli- 
cation forms from the Personnel Officer, (N) 
Chelsea College, Manresa Road, London SW3 
6LX. (2602) 





UNIVERSITY OF BATH 
SCHOOL OF BIOLOGICAL SCIENCES 


ASSISTANT EXPFRIMENTAL 
OFFICER 
ECOLOGY TEACHING PROJECT 


An Assistant Experimental Officer is rpquired 
for one year to assist in the development of 
materials and teaching methods for an introduc- 
tory ecology course at University level. Applicant 
must have a degree in a Biological subject. 

Salary in the range £1,524 to £1,794 ner annum 

Application forms, available from The Regis- 
trur(S), University of Bath, Bath BA2 7AY, quoting 
reference 74/105, should be returned as soon as 
possible. (2618) 


THE UNIVERSITY OF ADELAIDE 
Invites applications for appointment as a 
SENIOR LECTURER IN SOCIAL 

BIOLOGY (HUMANITIES OR 
SCIENCES) 


The appointment will be in a department appro- 
priate to the interests of the successful applicant 
who will initially be required to teach a third- 
year part subject to students interested in both 
the biological and the humanities, 

Salary scale: $A12.643 to $417 {D to $416 (4 
to $14,724; with superannuation on the F.S.§.U. 
basis. Initial salary will be fixed within the scale 
in accordance with qualifications und previous ex- 
perience. 

Further information, including list of particulars 
required in an application. is available from the 
Registrar of the University or from the Secretary- 


General, Association of Commonwealth Univer- 
sities (Appts). 36 Gordon Square, London 
WCIH OPF. 


Applications, should reach the Registrar, G.P.O., 
Box 498, Adelaide, South Australia 5001, not later 
than July 26, 1974. (2617) 





SUFFOLK AREA HEALTH 
AUTHORITY 


IPSWICH HEALTH DISTRICT 
THE IPSWICH HOSPITAL 
PHYSICS DEPARTMENT 


PHYSICIST 
at the Ipswich Hospital. Anglesea Road 


Wing. Duties will be principally con- 
erned with radiotherapy and nuclear 
medicine, Salary £1,497 to £2.694 p.a. 
Furfher details may be obtained from the 
Principal Physicist. telephone Ipswich 
S102. Application forms are availabie 
from the Hospital Secretary. Ipswich Hos- 


pital. Anglesea gRoad Wine. Ipfich, 
Suffolk. Reference ARW/P/16 -Nature. 
(2626) 


Mr. M. F. Losse, Personnel Officer, 
iC! Pharmaceuticals Division, Mereside, 
Alderley Park, Macclesfield, Cheshire. 


Pharmaceuticals 
muy [VISION 


(2694) 


UNIVERSITY OF G}. ASGOW 
DEPARTMENT OF PATHOLOGICAL 


RESEARCH. ASSISTANT 


Applications are invited for a research assistant- 
ship (3 years appointment) in the above depart- 
ment at a salary of £1,395 per annum. The sucess- 
ful candidate will be involved in an investigation 
of the metabolism of human plasma lipoproteins 
in health and disease, and should have a good 
honours degree in biochemistry or chemistry. The 
applicant may be enrolled for a Ph.D, in the 
Lniversily of Glasgow. , 

Applications, including a brief curriculum vitar 
and the names of two referees. should be sent to: 

Professor H. G. Morgan, 

Department of Pathological Biochemistry, 
Royal Infirmary, 
Glasgow G4 OSF. (2614) 





THE MIDDLESEX HOSPITAL 


MEDICAL SCHOOL 
(UNIVERSITY OF LONDON) 


Department of Physics as Applied to Medicine 

Applications are invited from good honours 
graduates or those expecting to graduate this year 
in Biophysics or related sciences, to study receptor 
mechanisms in single mammalian cells. An 
M.R.C, training scholarship is available and the 
successful applicant may register for a postgraduate 
degree. Applications including curriculum vitae 
and the names and addresses of two referees. 
to Professor J. F. Tait. (N) Department of Physics 
as Applied to Medicine. The Middlesex Hospital 
Medical School, Cleveland Street, London WIP 
6DB by July 9, 1974. (2623) 





WESTFIELD COLLEGE 
(UNIVERSITY OF LONDON) 
CHEMISTRY DEPARTMENT 


Experimental Officers (two) are required for 
vuried and interesting work, including steroid syn- 
thesis. on the Medical Research Council's Steroid 
Reference Collection. New graduates, holders of 
G.R.IL.C. or H.N.C.. ar school-leavers (A-level) 
with qualifications including chemistry ure invited 
p apply, Salaries: scales £1.679 to £1.939 (gradu- 
ate} or £E.211 to £1.679 Gunior). Applications. 
including names of two referees. or requests for 
further information. should be addressed to Dr. D. 
N. Kirk, Chemistry Department, Westfield College. 
(N). Kidderpore Avenue, Hampstead. ondon 
NW3 7ST. (2622) 


am th 
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Our client is a major British Research Organisation with 
extensive expertise in the field of biomedical sciences. Its 
function is to employ the latest skills, facilities and equip- 
ment to carry out research projects under contract for 
industry, government agencies and international bodies. 


The laboratories are already well established, and are 
committed to a substantial growth and development 
programme over the next few years. In this connection we 
seek an experienced pharmacologist to spearhead the 
existing pharmacology projects, and also to identify and 
exploit new business opportunities in the UK and overseas. 


Much importance is attached to publicising the specialised 
techniques developed in the unit, which currently include 
facilities for advanced psychopharmacological studies in 
primates, sensitive test systems for assessing the abuse- 
potential of new drugs and cardiovascular pharmacology. 
The successful candidate will be encouraged to develop 
interrelationships with other specialist research units, both 
within the organisation and outside it. 


Applicants should be graduates in pharmacology or a 
closely related subject, ideally with a Ph.D. and several 
years’ post-graduate experience in industrial pharmacology. 
A specific knowledge of behavioural pharmacology would 


be of particular interest to our client. In addition, candidates 
should have an adaptable and outgoing personality, with 
the ability to sell their ideas and services. 


Salary is negotiable within wide limits and will reflect the 
importance of this position. Benefits include a progressive 
contributory pension scheme with free life insurance, four 
weeks holiday and generous assistance with relocation 
expenses. ə, 
The laboratories are situated in pleasant countryside near 
a major University city. 


Please write in complete confidence for an application 
form and further literature, or ‘phone if you would like to 
discuss the position: 


Mr. R. A. Forbes-Leith, Talentmark Limited, 
King House, 5/11 Westbourne Grove, 
London W2 4UA. Tel: 01-229 2266. 


Senior Pharmacologist | 


LONDON BOROUGH OF BROMLEY 


ORPINGTON COLLEGE OF FURTHER 
EDUCATION 


Required for September 1, 1974. 


(i) Technician for BIOLOGY laboratory and to 
assist in the Chemistry laboratory. 


(2) Technician for PHYSICS laboratory and to 
assist in the college workshop. — 


Salary: Technician Grade ITI scale. £1,416 to 
£1,644 by £105 London Weighting (under review). 
36 hours per week Monday to Friday including 
one evening per week. 


Further details and application forms from 
The Principal, Orpington College of Further Edu- 
cation, The Walnuts, High Street, Orpington. Kent. 
Telephone Orpington 39336. (2606) 





SIR GEORGE WILLIAMS 
UNIVERSITY 


MONTREAL, QUEBEC, CANADA 
DEPT. OF BIOLOGICAL SCIENCES 


THREE FACULTY POSITIONS. 


Three faculty positions avalable, July 1, 1974; 
l Associate Professor ($15,400 to $17,000). 2 
Assistant Professors ($12,000 to $15,00) depending 
upon experience and qualifications. Research orien- 
ted persons qualified to teach in one or more of 
the following areas will be considered: Embryology 
Plant Ecology. Biostatistics, Introductory Biology, 
Ph.D. required. Send resume and names of three 
references to: Dr. H. Enesco, Chairman, Dept. of 
Biological Sciences, Sir George Williams Univer- 
sity, Montreal, Que. H3G 1M8. (2647) 





TECHNICIAN (Qualified) 


required for work in immunology in relation to 
renal disease. Experience in this field is not essen-¢ 
tial. Apply in writing stating age and giving de- 
tails of education and experience, to the Secretary, 
Guy’s Hospital Medical School, London Bridge 
SEI 9RT, quoting Ref. R.U.3. (26463" 





0) “Talentmark. 


Biomedical and Scientific Consultants 


LA TROBE UNIVERSITY 
_ MELBOURNE, AUSTRALIA 


LECTURER/SENIOR LECTURER 
IN BIOCHEMISTRY 


The Department is interested in making an 
appointment in one of the following areas: Bio- 
chemistry of Hormone Action, Biochemistry of 
Development or Differentiation. 

Salary: Senior Lecturer — $A12,643 to 1 by 
$A417 to 4 by $A416 to $A14,724; Lecturer 
$A9,002 to 4 by $479 to 3 by $A478 to $412,352. 


Professor -B. A. Stone, the Chairman of the 
Department of Biochemistry, will be in the United 
Kingdom from July 15, to July 26 and may be 


contacted through the Association of Common- 
wealth Universities. 

Further information and application forms are 
available from the Association of Commonwealth 
Universities (Appts), 36 Gordon Square, London 
WCIH OPF, or from the Registrar, La Trobe 
University, Bundoora, Victoria, Australia, 3083. 

Applications, close on July 27, 1974 (2659) 


THE EDINBURGH SCHOOL 
OF AGRICULTURE 
RESEARCH ASSISTANT 


Applications are invited from Honours 
graduates in Microbiology or a related disci- 
pline for a research assistantship to work 
in the microbiology and biochernistry depart- 
ments on silage deterioration studies financed 
by the A.R.C. The assistant will be expected 


to register for a higher degree. 8 


Salary £830 by £40 to £910 plus F.S*S.U. 
and fees, : 

Further particulars from The Secretary, 
The Edfbburgh eschool of agriculture, West ` 
Mains Road, Edinburgh EH9 3JG. (2636) 


(2685) 


ROYAL HOLLOWAY COLLEGE 
(UNIVERSITY OF LONDON) 
EGHAM HILL, EGHAM, SURREY. 


RESEARCH TECHNICIAN— 
CHEMISTRY DEPARTMENT 


The following Research post supported by the 
F.R.C. and supervised by Dr, Paul Powell is 
available from October 1, 1974. 


Technician Grade 3 with experience in the 
routine synthesis of organic compounds to work on 
mechanisms of reactions of nucleophiles with 
organic Hgands co-ordinated to transition elements. 
Salary £1,650 by £54 to £1,758 plus superannua- 
tion, Applications together with names and 
addresses of referees should be sent to the Per- 
sonnel Officer (N) as soon as possible from whom 
further details may be obtained. 

(2616) 





UNIVERSITY OF GLASGOW 
DEPARTMENT OF NATURAL PHILOSOPHY 


DATA ANALYSIS UNIT 
RESEARCH TECHNOLOGIST 


The unit has an IBM 370/145, and IBM 7040 
and four Data General computers. To these are 
attached various devices to assist in the analysis 
of data from high energy physics experiments 
(bubble chambers, spark chambers, etc.) 


A vacancy exists for a responsible post as deputy 
to the physicist in charge of the unit, to assist him 
in the design of such equipment, its implementa- 
taion and testing, and to help supervise the con- 
struction of the hardware. It is anticipated that the 
successful candidate will have a degree or similar 
qualification in electronics and several years ex- 
perience designing computer hardware. Alternatively 
the position might attract a physicist with experi- 
ence of similar work. Salary will be within the 
range £®,637 to £3,174 per annum of the Research 
Technologist scale of £2,637 to £3,921. 


Applications, giving relevant particulars and the 
names of two referees, should be sent to Professor 
I. S5. Hughes, Department of Natural Philosophy, 
The. Miniver, Glasgow G12 8QQ, before July 
5; . 


In reply please quote Ref. No. 3494 M. (2662) 


Nature Vol. 249 June 28 1974 








Join a team conducting 
histopathological research and safety 
evaluation tests on our new ethical and 
proprietary drugs -a critical factor in 


their development. 


You will have considerable 
involvement in the planning of safety 
evaluation studies as well as contact with 

other departments covering a wide range 
of biological research. In your own field 
advanced techniques such as 
histochemistry and electron microscopy 


are available. 


The products of our research have an 
international reputation ; we also have a 
reputation for advanced thinking in 
professional development. We can 
therefore promise that your experience 








MEDICAL RESEARCH COUNCIL 
NATIONAL INSTITUTE FOR MEDICAL 
RESEARCH 


BIOCHEMIST 


Postdoctoral Position in Division of 
Molecalar Pharmacology 


_A post-doctoral biochemist is required to par- 
ticipate In a study of the mechanism of action of 
dihydrofolate reductase and its inhibition by folate 
analogues. Applicants should have experience in 
techniques of protein chemistry. The appointment, 
which is for up to three years, is available from 
October I, 1974 in the salary range £2,223 to 
£3,378 per annum plus £162 p.a. London Allow- 
ance, Superannuation provision under F.S.S.U. 
Applications giving details of qualifications, re- 
search experience and the names of two pro- 
fessional referees should be sent to The Director, 
National Institute for Medical Research, Mill Hill, 
London NW7 1AA. (2638) 


UNIVERSITY OF SOUTHAMPTON 
DEPARTMENT OF ELECTRONICS 


RESEARCH ASSISTANT 


Applications are invited for the post of 
Research Assistant to work for a project on Com- 
puter Modelling Techniques, The research will 





involve development of computer models and: 


optimisation studies of electro-chemical systems. 
Applicants should possess or be about to com- 
plete, a good honours degree or equivalent in 
engineering, physics or chemistry. Salary will 
depend upon qualifications and experience, and 
could be up to £1,500. The successful applicant 
will be expected to register for a higher degree. 
Applications, citing two referees, should be 
addressed to the Deputy Secretary’s Section, The 
University of Southampton, Southampton SO9 
SNH. Closing date July 12, 1974. Please quote 
ref, 247/R/Na. (2640) 


eS a 
ROYAL HOSPITAL FOR 
SICK CHILDREN 


and 
QUEEN MOTHER’S HOSPITAL 
GLASGOW. 


ASSISTANT CYTOGENETICIST, science gradu- 
ate, required for Glasgow and West of Scotland 
Genetic Advisory Service, to work on the diagno- 
sis of human chromosome aberrations. Experience 
im Cytogenetics and cell culture desirable but not 
essential. 
eee T details TRET peta from ‘the Uni- 

j epartment o edica ti - 
saaa Ext. 711). Genetics (041-339 

Applications, with full details of qualifications 
and experience, and names of two referees to 
Medical Administration Office, Royal Hospital for 
Sick Children, Yorkhill, Glasgow G3 8SJ. 

(2666) 


Experienced histopathologist 
in research 


and abilities will be fully recognised, and 


that further training where appropriate in 
pathology and other aspects of safety 
evaluation, with opportunities to attend 
international meetings, will be available to 
broaden and progress your career. 
Salary will be attractive, and benefits 
are excellent: contributory pension, 
welfare schemes, and expenses toward 
relocation with the choice of reasonably 
priced houses in town ~ Nottingham, 
Loughborough, Leicester — or in pleasant 


surrounding countryside. 


Leicestershire. 


THE UNIVERSITY OF SHEFFIELD 
CASE. AWARD IN PHYSICAL 
CHEMISTRY OF MICELLES 


Applications are invited from good honours 
graduates in chemistry or chemical physics, or those 
about to graduate in these subjects, for a C.A.S.E. 
award under the joint supervision of Dr. I. A. 
McLure (University of Sheffield) and Dr. D. G, 
Hail (Unilever Research, Port Sunlight). 

The project will involve initially study of distri- 
bution of suitable solutes between an aqueous 
solution of a surfactant and an immiscible and un- 
solubilized solvent with the object of gaining an 
improved understanding of the nature of the 
interior of micelles. Applications, consisting of 
curriculum vitae and names of two referees, 
should be sent to Dr. I. A. McLure, Department 
of Chemistry, The University, Sheffield S3 7HF, 
from whom further details can be obtained. Please 
quote reference RIOI/G. (2632) 


UNIVERSITY OF EDINBURGH 


ROYAL (DICK) SCHOOL OF 
VETERINARY STUDIES 


DEPARTMENT OF VETERINARY 
PHARMACOLOGY 


LECTURER 


Applications are invited from holders of 
registerable veterinary degrees for the post 
of LECTURER in the Department of 
Veterinary Pharmacology. 

Salary will be on the scale £2,118 to £4,896 
with placement according to qualifications 
and teaching experience, and with super- 


annuation benefits. 

This post involves teaching pharmacology 
and chemotherapy to under- and postgraduate 
veterinary students. Appropriate clinical and/ 


or research experience is desirable. The 
successful candidate may if necessary, regis- 
ter for a higher degree. 

Further particulars may be obtained from 
fhe Secretary to the University, University 
of Edinburgh, Old College, South Bridge, 
Edifburgh EH8 9YL with whom applica- 
tions (three copies} giving the names of two 
referees, should be lodged not later than ® 
July 27, 1974. Please quote referenc® number 
1028. 2, (2635) 





; © 


Please write with details or telephone: 
John Mills, Fisons Limited, Pharmaceutical 
Division, Bakewell Road, Loughborough, 


Loughborough 66361. 











ZA FISONS 


(2684) 


UNIVERSITY OF YORK 
DEPARTMENT OF BIOLOGY 


TRIALS OFFICER 


Applications are invited for the post of Trials 
Officer, vacant from October, 1974 for a period 
of three years, from graduates in agriculture, 
biology or forestry. The successful applicant will 
join a team concerned with various aspects of 
colliery spoil reclamation. The research will be 
supported by the Department of the Environment 
and will be directed by Dr. M. J. Chadwick. 

The work involves the establishment and main- 
tenance of field trials on colliery spoil sites 
throughout England and Wales and the main 
responsibility of the Trials Officer will be super- 
vision of these. 

Salary within the range £1,761 to £1,995, with 
F.S.S.U. 


Three copies of applications, naming two 
referees, should be sent as soon as possible to 
the Registrar, University of ‘York, Heslington, 
York YO1 SDD, from whom further particulars 
may be obtained. Please quote reference number 


11/7053. 
TWO POST DOCTORAL 
RESEARCH FELLOWSHIPS 


Applications are invited for two post-doctoral 
Research Fellowships from those with previous 
research interests in ecological aspects of soil-plant 
relationships, The successful applicants will work 
as members of a team concerned with various 
aspects of colliery spoil reclamation. 

The research will be supported by the Depart- 
ment of the Environment for a period of three 
years from October 1974 and will be directed by 
Dr. M. J. Chadwick. 

Salary within the range £1,878 to £2,580, with 
35.8.U. 


Three copies of applications, containing a cur- 
riculum vitae and the names of two academic 
referees should be sent as soon as possible to 
the Registrar, University of York, Heslington, 
York YO! SDD. Please quote reference number 
11/6021. (2627) 


mee 


LIVERPOOL POLYTECHNIC 
DEPARTMENT OF BIOLOGY 


RESEARCH ASSISTANT 


To investigate the invertebrate fauna of indus- 
trial waste heaps under the supervision of Dr. M. 
Luxton. 

The successful applicant will 
register for a higher degree. 

Salary scale: £1,353 to £1,644 per annum. 

Application forms available from Staff Office, 
Dept. N, Liverpool Polytechnic, Richmond House, 
1 Rumford Place, Liverpool, L3 9RH to be 
returned within 10 days of the pi iiaaral a 


be expected to 


~- advertisement, 
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UNIVERSITY OF SUSSEX 


RESEARCH FELLOWSHIP IN 
OBSERVATIONAL EXTRA- 
GALACTIC ASTRONOMY 
Applications are invited for one post of 

POSTDOCTORAL RESEARCH FELLOW 

in 


OBSERVATIONAL EXTRAGALACTIC 
ASTRONOMY 


from October 1, 1974, tenable for a period 
of one to three years. 





The Research Fellow will be expected to 


collaborate with visiting faculty members 
based at the Royal Greenwich Observatory 
in carrying out spectrometric and photo- 
metric observations of extragalactic radio 
and X-ray sources in the Southern Hemis- 
phere. 


Commencing salary will be in the range 
£2,247 to £2,931, with F.S.S.U. benefits, 


Further information can be obtained from 
Professor L. Mestel, Astronomy Centre, 
Physics Building, University of Sussex, 
Falmer, Brighton BNI 9QH, U.K., to whom 
applications, with the names of two or three 
referees, should be sent by July 19, 1974. 

(2631) 


UNIVERSITY OF LONDON 
READERSHIP IN VETERINARY 
PHARMACOLOGY 


at the Royal Veterinary. College 


The Senate invite applications for the above 
Readership, Salary scale £4,707 to £5,844 a year, 
plus £162 London Allowance. Applications (10 
copies) should be received not later than August 
23, 1974, by the Academic Registrar (N), Uni- 
versity of London, Senate House, London WCIE 
7HU, from whom further particulars may be 
obtained. (2672) 





UNIVERSITY OF EDINBURGH 


MARY DICK CHAIR 
OF VETERINARY 
ANATOMY. 


The University Court invites applications 
for the above Chair. The, Department, of 
which the Professor is the Head, is in the 
Faculty of Veterinary Medicine and is one 
of eight Departments in the Royal (Dick) 
School of Veterinary Studies. 


Applicants must have a full range of 
knowledge of Veterinary Anatomy including 





Senior | 
Toxicologist 


The Toxicology area of the Research Department is expand- 
ing and an experienced Toxicologist is required to take 
charge of a new section. This will entail the planning, 
conduct and assessment of acute and chronic tests in 
rodents and some general pharmacological investigations. 
The person appointed will be expected to maintain close 
liaison with other staff concerned in the safety evaluation of 
new Medical, Animal Health and Crop Protection pro- 
ducts, and to contribute towards technical documents for 
registration of such products in the U.K. and overseas. 
Publication of results and attendance at scientific 
meetings are encouraged. 


The modern, well-equipped research laboratories and 
associated facilities are located in Nottingham. 


Applicants must have a good honours degree in pharma- 
cology or relevant biological science and, preferably, a 
postgraduate qualification. Experience of working in 
Toxicology and a high standard of scientific report writing 
are essential. 


Starting salary is negotiable and will reflect qualifications 
and experience. Conditions of employment are attractive 
and include good profit sharing and contributory pension 
schemes. Assistance with relocation expenses will be 
granted where appropriate. 


Please write to :—J. F. Pattison, Employment Services, 


Soe The Boots Company Ltd., 
Station Street, 


Nottingham NG2 3AA. 


Managing Editor 





(2641) | 


THE MACMILLAN COMPANY OF INDIA 


We are looking for a man to take over the direction of our 
Veterinary Histology and Embryology and 


wouid -aa be expected: 16° Wave ‘snecialined rapidly expanding publishing programme in English and Hindi. 
knowledge in one or more sections of this We expect that the right candidate will have an Indian back- 
wide field. 


ground, good university qualifications, some publishing experience 
and a knowledge of Hindi. Drive, organising ability, entrepreneurial 
flair and sound judgement are the most important qualifications. 


The salary will be within the professorial 
range. Superannuation under F.S.S.U. 


Terms and conditions of appointment 


together with further particulars may be ob- The post is based in Delhi. 

tained from the undersigned, with whom 

applications (twelve copies) giving the names 1 n nce to:— 

of three referees, should be lodged not later Please apply me fide 9: 

than August 15, 1974. A candidate from Adrian Soar Sharad Wasani 

overseas may submit one copy of his appli- : d : “4: i : 

cation. Macmillan Publishers Ltd., Macmillan Company of India Ltd., 
Applications should be sent to The Little Essex Street, j j 2/ 10A Ansari Road, 

Secretary to the University, University of London WC2R 3LF. Daryaganj, Delhi 6. 

Edinburgh, Old College, South Bridge, 

Edinburgh EH8 9YL. Please quote reference m 

number 2/74. (2637) % b > (2671) 


boned 





AARHUS UNIVERSITY 
(DENMARK) 


At the Department of Chemistry (in the newly formed Division of 
Biostructural Chemistry) an adjunkt/lektor position will be vacant on 


August Ist, 1974. 


A molecular biologist/biochemist is wanted for the position to complement 
work in the biostructural group in cooperation with a.o. professor B.F.C. 
Clark. Applicants with research experience in the field of protein bio- 
synthesis, and/or in enzymology would be preferred. 


The successful applicant must, on equal terms with the other members 
of the group, share the teaching obligations—from first-year level to super- 


vision of graduate students. 


The appointment is on a scale equivalent to assistant/associate professor 
with a salary range 65.000-115.000 Dkr. 


Applications containing curriculum vitae, information on scientific and 
educational activities, a list of publications plus wherever possible 3 copies 
of pyiblished material, and any additional information relevant for the 
evaluation of the applicant’s scientific and educational qualifications should 
be sent to the Faculty of Science, Aarhus University, Ndr. Ringgad 1, 
8000 Aarhus C., Denmark, before August 1, 1974. 


UNIVERSITY OF WESTERN 
AUSTRALIA 


PERTH 
PHYSICAL SCIENCES LIBRARIAN 


A person with suitable qualifications and ex- 
perience is required towards the end of 1974 for 
the above position which is rendered vacant by 
the | present holder, proceeding overseas. ‘The 
Physical Sciences Librarian is responsible, under. 
the direction of the University Librarian, for the 
Mathematics and Physical Sciences Library and 
the Science Reading Room. The Mathematics and 
Physical Sciences Library contains the bulk of 
the University’s holdings in those subjects and is 
designed primarily for the needs of senior students 
and staff. The Reading Room holds the under- 
graduate collection. 


Ideally, candidates should possess. a degree in 
science or engineering, professional library quali- 
fications and experience in a university or science 
library, but consideration will be given to gradu- 
ates in other fields who possess considerable experi- 
ence in scientific libraries or to science graduates 
without library experience who have a genuine 
interest in scientific information services. As the 
appointee will be expected to keep in touch with 
new developments in scientific information, ex- 
perience or interest in the application of compu- 
ters to libraries will be an advantage. Further de- 
tails, of duties and responsibilities can be obtained 
from the University Librarian. : 


The appointment will be made according to 
qualifications and experience either jn the 
Librarian’s salary range (based on that of a 
Lecturer), at present $A9,002 to $A11,396 pa. but 
currently under review, or in the Assistant 
Librarian’s range of $A7,247 to $A9,578 p.a. Bene- 
fits include superannuation similar to F.S.8.U. 
fares to Perth for appointee and dependent family, 
removal allowance, annual and long service leave 
plus, in special circumstances for a Librarian, study 
leave, 

Applications in ‘duplicate stating full personal 
particulars, qualifications and experience should 
reach the Staffing Officer, University of Western 
Australia, Nedlands, Western Australian, 6009, by 
July 13, 1974. Candidates should request three 
referees to write immediately to the Staffing Officer. 

Conditions of -appointment may be obtained 
from the Association of Commonwealth Univer- 
sities (Appts), 36 Gordon Square, London WC1H 
OPF. (2657) 


Hormones and Liver 


Glycogen Project 


Assistant Research Officer required to join 
in study of Hormonal Control of Liver 
Meabolism. Post would suit graduate with 
interest in biochemistry. Initial. salary 
£1,296 p.a. (scale under review). Written 
applications to Departmental, Superinten- 
dent, Biochemistry Department, Imperial 
College, London SE7 2AZ. (2642) 





THE UNIVERSITY OF OXFORD 
POST-DOCTORAL 
ASSISTANTSHIP 

IN ORGANIC CHEMISTRY 


Applications are invited for an S.R.C., 
supported postdoctoral post concerned with 
the synthesis -of functional surfactants for 
selective catalysis of organic reactions. A 
background in organic synthesis or mech- 
anism is desirable. Appointment would be 
for one year in the first instance, commeéenc- 
ing around October 1, 1974, on the salary 
scale £1,821 to £2,058 (according to age) 
{under review) plus F.S.S.U. Applicants 
should forward a curriculum vitae together 
with the names of two referees to Dr. J. M. 
Brown, The Dyson Perrins Laboratory, 
South Parks Road, Oxford OX1 3QY, as 
soon as possible, and before August 15, 
1974. a a (2689) 
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UNIVERSITY OF DUNDEE 


DEPARTMENT OF BIOLOGICAL 
SCIENCES 





Applications are invited for two posts of 


RESEARCH ASSISTANTS 


to work on Nutrient Cycling in Freshwater 
Ecosystems. 


Starting date October 1, 1974. Salary 
around £1,500 but applicants registering as 
full-time students for a higher degree will 
be paid at the studentship equivalent rate. 


Further particulars are available from 
The Secretary, The University, Dundee DDI 
4HN, to whom applications (quoting Ref. 
Est/43/743 and naming 2 referees) should 
_be sent as soon as possible. Informa] eñ- 
quiries may be made to Professor W., D. P, 
Stewart at the Department of Biological 
Sciences. (2678) 





PORTSMOUTH POLYTECHNIC 
SCHOOL OF PHARMACY 


LECTURER I IN 
PHARMACOLOGY 


Applications are invited from pharmacists 
or pharmacologists to participate mainly in 
the teaching of Pharmacology to students 
of the Pharmacy degrees and the Honours 
degree in Pharmacology, and to assist with 
the teaching of other courses in the School 
of Pharmacy. A higher degree together with 
teaching ar research experience is desirabie. 


> Excellent research facilities are available. 


Salary scale: £2,700 to £3,474 per annum. 


ə Application forms and further particulars 
may be obtained from the Staff Officer, 
Portsmouth Polytechnic, Alexandra House, 
Museum Road, Portsmouth POI! 2QQ, to 
whom completed applications should be 
returned by July 8, 1974. Please quote 
reference R76. œ + o $2663) 
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PRODUCTIVE DEVELOPMENT 
SCIENTIST 


Required’ by Manufacturers producing 
mainly beverages with malt extract and also 
new instant meals. 


Successful applicant will be responsible 
for reviewing and improving recipes of these 
products. Salary £3,000 up. Location: Herts. 

Please apply ta: 

TUDOR APPOINTMENTS 
11 Muswell Hill, N10 3TH 


Tel: 01-444 9121 (24 hrs) 
(2664) 


PAPUA NEW GUINEA 
UNIVERSITY OF TECHNOLOGY 


DEPARTMENT OF CHEMICAL 
TECHNOLOGY 


SENIOR LECTURER 


The Department of Chemical Technology offers 
a first degree course in Chemical Technology with 
specialisation in food technology, mineral process- 
ing and industrial chemistry. It is also responsible 
for the teaching of Chemistry to engineering 
students and for the operation of the University’s 
Analysis Laboratory, which offers a wide range 
of analytical services on a commercial basis. 

In 1975 the Department will be housed in a new 
biuiding and associated with the Department of 
Forestry in a School of Natural Resources and 
with the Faculty of Agriculture of the University 
of Papua New Guinea. 

Applications are now invited for the position 
of senior Lecturer, which is available immediately. 
Applicants should have a good degree in either 
Chemical Engineering or Applied/Industrial Chem- 
istry as well as considerable industrial experience. 

The successful candidate will be expected to 
play a major role in the development of the 
Chemical Technology degree course and in the 
setting up of various pilot plant operations. The 
Department already operates a small tannery and 
food and mineral processing programmes are being 
drawn up. In-service training of students is stressed 
in the degree course and staff are encouraged to 
form close working links with those organisations 
and companies involved in the training programme. 

Research work in the Department is mainly 
concerned with environmental impact studies or 
the development of original processing techniques. 
The Department is also interested in Commu- 
ao eenent and Small Business Development 
work. 

Salary range: $A9,967 to $A11,589 per annum. 
Allowances totalling a further $A860 per annum 
ate payable in certain circumstances. Modern 
furnished housing is provided at a nominal rental, 
Superannuation may be provided. 

Applications in duplicate should include particu- 
lars of age, nationality, maritt] status, family if 
any, qualifications, experience, present post and the 
names and addresses of three referees from whom 
confidential enquiries may be made, and are re- 
quired by July 26, 1974. They should be sent to 
The Registrar, The Papua New Guinea University 
of Technology, P.O. Box 793, LAE, Papua New 
Guineaa. An additional copy should -be sent to 
the Association of Commonwealth Universities 


(Appts), 36 Gordon Square, London WCIH OPF, 


from whom further information may be obtained, 


58) ` 


LECTURER IN 
EXPLORATION 
GEOCHEMISTRY 


Imperial College of Science and Tech- 
nology wishes to appoint a Lecturer in 
Exploration Geochemistry with effect from 
October 1, 1974, Practical and/or research 
experience in this field is essential and pre- 


ference will be given to candidates who 
have gained this experience Post-Doctorally. 
Commencing salary, according to age, quali- 
fications and experience in the scale £2,118 
to £4,896 p.a. plus £162 London Allowance 
and FSSU. 


Applications, including curriculum vitae 
and the names of two referees should be 
made by July 31, to Professor J. S. Webb, 
Applied Geochemistry Research Group, 
Geology Department, Imperial College, 
London SW7 ’2BP. (2639) 
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UNIVERSITY OF BRISTOL 


Postdoctoral Protein 
Crystallographer 


Applications are invited for an 
S.R.C. post to work in the crystal 
structure of pyruvate kinase or 
phospho glucose isomerase. The re- 
search will involve the development 
of computer programs to handle data 
collected by an oscillation camera. 
The appointment is for a period of 
two years with an initial salary of up 
to £2,058 per annum depending on 
experience. Previous research ex- 
perience in crystallography is essen- 
tiai. 


Applications, including a brief 
curriculum vitae and names and 
addresses of two referees, should be 
sent to Dr, H. Muirhead, Department 
of Biochemistry, University Walk, 
Bristol BS8 ITD. (2651) 





PLYMOUTH POLYTECHNIC 


SCHOOL OF ENVIRONMENTAL 
SCIENCES 


SENIOR LECTURER/LECTURER 
H IN POLLUTION ECOLOGY 


LECTURER H IN ANIMAL 
PSYCHOLOGY 


LECTURER II IN GEOLOGY 


(1 year temporary appointment) 


Preference will be given to candidates with 
teaching and research interests in air pollu- 
tion. 


Salary: £2,700 to £3,474 p.a. Lecturer II 
£3,535 to £3,915 to (3 by 90) to £4,212 p.a. 
senior Lecturer. 


Further details and application forms 


from: 
The Establishment Officer 
Plymouth Polytechnic 
Plymouth PL4 8AA. 


to be returned by July 9, 1974. (3661) 


UNIVERSITY OF STRATHCLYDE 


DEPARTMENT OF PURE AND 
APPLIED CHEMISTRY 


C.A.S.E. AWARD 


Applications are invited from candidates 
wishing to study for a Ph.D. with Professor 
N. B. Graham in Applied Chemistry on a 
programme in co-operation with the I.C.I. 
Corporate Research Laboratory at Runcorn. 
The Science Research Council have agreed 
to sponsor a candidate under their pro- 
gramme of Co-operative Awards in Science 
and Engineering to study ‘The utra-violet 
treatment of fabricated polyethylene”. 


The successful candidate, who must have 
a first or second class honours degree, will 
receive training and pursue researchts in 
photochemistry and polymer fabrication and 
characterisation at the University of Strath- 
clyde and at LCI. 


Applications to Professor N. B. Graham, 
Department of Pure and Applied Chemistry, 
Thomas Graham Building, University of 
Strathclyde, 295 Cathedral Street, Glasgow 
Gi XL. (2654) 





Unique 
opportunities in Ireland 


SCIENTIFIC AND 
TECHNOLOGICAL 
ANALYSTS 


The National Science Council of Ireland invites 
applications from suitably qualified persons for 
employment as Scientific and Technological Analysts 
within its Secretariat, 


Successful candidates will carry out detailed techno- 
economic analyses and prospective studies on the 
scientific and technological infrastructure in lreland, 
aids and incentives for the development of science 
and technology-based industry and science and 
technology policies necessary to develop important 
areas of the economy. 


Successful applicants will be 27-35 years of age with a 
University degree or equivalent in an appropriate 
discipline and at least five years relevant working 
experience, 


Appointments will be on a contract of up to two 
years duration and remuneration will be in the range 
of £4,000-£5,500 per annum. These positions will be 
particularly attractive to Irish citizens interested in 
returning to a job in lreland offering a high level 
development perspective. Opportunities exist for 
working closely with Industry, Research Institutes, 
Universities and other agencies concerned with 
scientific and technological development in Ireland, 
and with relevant organisations in Europe. Applicants 
who can and wish to make a contribution within the 
Secretariat before moving to another position within 
Ireland will be afforded every facility and encourage- 
ment to do so. 


Interested applicants should write for further 
information to:— 


THE SECRETARY GENERAL, 
NATIONAL SCIENCE COUNCIL, 
ST. MARTIN’S HOUSE, 
WATERLOO ROAD, 

DUBLIN, 4, IRELAND 


All applicants and enquiries will be treated confiden- 
tially. 


Closing date for receipt of applications: Ist September 
1974. (2652) 
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OXFORD UNIVERSITY 


DEPARTMENT OF EXPERIMENTAL 
PSYCHOLOGY 


Applications are invited for the post of 


RESEARCH ASSISTANT 


to work on the relation between brain activity 
and behaviour. The post offers wide opportunities 
for a person interested in neurophysislogy, 
pharmacology and behaviour. The salary will be 
on the D.R.A. II scale and the starting point 


Will depend on qualifications and experience, 


Applications and requests for further details 
should bè sent jn writing,to Dr. E. T. Rolls, 
Department of petimental Psychology, South 
Park Road, Oxford OX1 3PS. (2676) 


DEPARTMENT OF BIOLOGY 


AMERICAN UNIVERSITY 
OF BEIRUT 


is recruiting teaching research faculty for Fall 
(1974) in the following areas: general ecology, 
marine microbiology, plant physiology, and animal 
Physiology (vertebrate and invertebrate). More 
than one opening is anticipated at Assistant or 
Associate Professor rank. Ph.D. required, post 
doctoral and teaching experience preferred. Travel, 
relocation and fringe benefits included. Applica- 
tions with letters of reference chould be addressed 
to Dr. Philip Basson, Chairman, Department of 
Biology, American University of Beirut, Beirut, 
Lebanon, with application copies to Personne! 
Services, American University of Beirut, 380 
Madison Avenue, 22nd Fidor, New York, N.Y. 
16017. (2688) 
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Scientific Officers 
(Biometrics) 


Applications are invited | for two permanent and pensionable 
posts in the Biometrics Division of the Department of Agriculture. 


Candidates must be under 27 years of age on 31 December, 
1974, and have (i) a Degree, HNC or equivalent qualification in 
Computing, Mathematics or Statistics; or (ii) Part Il of the 
Examination leading to Associateship of the Institute of Statisti- 
cians. 


ed 

Thé Biometrics Division supplies a consultative service to research 
workers of the Department on the design and analysis of experi- 
ments and surveys. The posts in question will be concerned 
with (a) the programming of work in connection with computer- 
based sampling schemes to aid the study and control of Mastitis 
and Brucellosis; and (b) the application of computers to solve 
analytical problems and with documentation of computer 
packages. 


Salary Scale (under review): £1,435 — £2,329. 


Commencing salary will be related to qualifications and experi- 
ence. 


There are prospects of promotion to Higher Scientific 
Officer (£2,221 — £2,854), Senior Scientific Officer (£2,798 
— £3,895) and Principal Scientific Officer (£3,715—£4,895). 


Please write or telephone for an application form, quoting Ref. 
SB 175/74/N to Civil Service Commission, Clarendon House, 
Adelaide Street, Belfast BT2 8ND (telephone 44300, ext. 26). 
Completed forms should be returned to arrive not later than 


16 July, 1974. 
(2644) 







| NORTHERN IRELAND 
CIVIL SERVICE 


CHRISTIE HOSPITAL AND HOLT RADIUM 
INSTITUTE, MANCHESTER M20 9BX 
PATERSON LABORATORIES 


(Director: Professor L. G. Lajtha, M.D., D.Phil., F.R.C. Path.) 


A vacancy exists for a person with a good honours degree in the 


biological sciences to investigate the nature of the target cells in experi- 
mental murine leukaemogenesis using a variety of techniques including 


surgery, transplantation and immunological procedures, The person 


appointed would work in collaboration with the divisions of Carcinogenesis, 
Haematology and Immunology. There will be an opportunity to register for 
a higher degree and the salary will be according to current MRC scale for 
research studentships. ° , 
€ 

Applications in writing, together with the names of two referees, should 
be sent forthwith to the Director. Ref. 74/26. 
(51704) P 


@ 
°* (2681) 
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UNIVERSITY OF STRATHCLYDE 


DEPARTMENT OF APPLIED PHYSICS 


LECTURESHIP 


Application is invited for this appointment 
from physicists, preferably with a back- 
ground in Solid State Physics or in Instru- 
mentation. 


The successful candidate will be expected 
to take part in the setting up of a research 
group in one of these fields. This group is 
to complement the present main research 
work of the Department, which is in the 
application of physics to problems of the 
natural environment and of (macro) biology. 
Some Industrial experience would be 
desirable. 


Salary scale: £2,118 to £4,896 with placing 
according to qualifications and experience. 
F.S.S.U. benefits, 


Application forms and further particuars 
(quoting 31/74) may be obtained from the 
Registrar, University of Strathclyde, Royal 
College Building, 204 George Street, Glas- 
gow Gl IXW with whom applications should 
be lodged by July 8, 1974. (Applications 
from overseas candidates will be accepted 
up to ‘July 16, 1974). (2655) 


ROSKILDE UNIVERSITY 
CENTRE 


DIVISION OF NATURAL SCIENCES 


CHAIR OF BIOLOGY 


Applications are invited for the chair of 
Biology from zoo-physiologists with experi- 
ence in general physiology and human 
physiology. 


Applicants with experience in physically 
oriented physiology will be preferred, 


For further information, please write: 


Division of Natural Sciences, 
Roskilde University Centre, 
P.O. Box 260, 

4000 Roskilde/Denmark, 


Deadline of applications August 2, 1974. 
(2650) 


ULSTER: THE NEW UNIVERSITY 
EXPERIMENTAL OFFICERS 


Applications are invited for two posts: 
SCHOOL OF BIOLOGICAL AND 
ENVIRONMENTAL STUDIES 
Ref: 74/93 

The Experimental Officer will manage the 
School’s scanning and transmission electron 
microscope facilities and will be expected 
to maintain the equipment, instruct users 
and assist in research programmes. 

Applicants should be graduates (or 
equivalently qualified) and postgraduate ex- 
perience in biological electron microscopy 
would be an advantage. 


SCHOOL OF PHYSICAL SCIENCES 
(CHEMISTRY) 


Ref: 74/94 

The Experimental Officer in Chemistry 
will participate in a programme of bio- 
synthetic research in collaboration with 
Professor M. F, Grundon and Dr D, M. 
Harrison. 

Applicants should have a Ph.D. in organic 
chemistry or equivalent research experience. 

Salary scale (under review with F.S.S.U.): 
£1,929 to £2,718 per annum. 

Further particulars and application forms 


(quoting appropriate reference number) 
should be obtained from The Registrar, The 
New University of Ulster, Coleraine, 
Northern Ireland to whom completed appli- 
cations, including the names and addresses 
of three referees, should be returned not 
wer than July 31, 1974. (2653) 
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N.M.R. SPECTROSCOPIST 


The role of the Analytical Chemistry Department with- 
in our Central Research Division is to devise and 
develop new techniques to contro] potential new 
drugs from discovery to marketing. A principal aim 
is the generation of technical data in support of sub- 
missions to world-wide regulatory agencies. 


To maintain the high standard of supporting data re- 
quired, we need an additional postgraduate Chemist, 
whose main responsibility will be the supervision of 
two 60 MHz Spectrometers in the NMR laboratory. 
Planned expansion includes 100 MHz proton and 
fourier transform facilities for carbon—1l3 work. The 
job involves working with a large number of research 
and development staff on a variety of problems arising 
from synthetic organic chemistry programmes. 


The successful applicant will have a Ph.D. in Organic/ 
Physical Chemistry; most probably with a heavy em- 
phasis on NMR Spectroscopy, and a keen interest in 
the application of NMR Spectroscopy to the structural 
elucidation of complex organic molecules, A reasonable 
knowledge of other modern analytic techniques is 
desirable. 


Our laboratories are situated in a pleasant ruml/ 
coastal area at Sandwich, Kent. 


Our conditions of employment include a free pension 
and death benefit scheme, assistance with removal costs 
(where appropriate), bonus and flexible working hours, 


Jo~ 


Pfizer 
Applications are invited from Chemists with not more than two years 


post-doctoral experience, and should be addressed to: 


D. W. Sells, Personnel Manager, Central Research, 
PFIZER LIMITED, Sandwich, Kent CT13 9N]. 








(2695) 


AUSTRALIA 
PUBLIC SERVICE OF VICTORIA 
DEPARTMENT OF CROWN LANDS AND SURVEY 
ROYAL BOTANIC GARDENS 


SENIOR BOTANIST 


REF. NO. (S/O1) 
Yearly Salary: $A10,449 minimum; $A11,017 maximum. 


Duties: To identify, classify and survey plants and to assist in the preservation and care of herbarium 
specimens. To conduct research and other duties as directed. 


Qualifications: An approved degree in Science with a major in Botany and research experience in 
biosystematics and taxonomy is preferable. 


Applications, quoting reference number (S/O1), should be addressed to the Secretary, Public Service 
Board of Victoria, State Public Offices, No. | Treasury Place, Melbourne, 3002, Australia, by not 
later than 9.30 a.m. on Wednesday, 7 August 1974, together with statements of experience and 
qualifications and date and place of birth. (2648) 


INSTITUTE OF NEUROLOGY 


requires TECHNICIAN to assist in Muscular YQ THE INTERNATIONAL LABORATORY OF 
Dystrophy Dept. in Biochemical Studies of Muscle. y 


4 
on MARINE RADIOACTIVITY OF THE INTER- 

: N.C. ferabl b V 
a aUan E e O 440 o NI \v NATIONAL ATOMIC ENERGY AGENCY IN 
Piste E E ex F e E caaee cree NV MONACO HAS AN OPENING AT THE P-1 LEVEL. 


giving qualifications, experience and names of two 
referees to: Dr. R. Yasin, Muscular Dystrophy 
Research Laboratories, National Hospital, Queen 
Square, London WCIN 5BG. (2673) 





The successful candidate should have a knowledge of and some experience 
in Marine Radioecological Research. Familiarity with radiochemical 
techniques employed in the determination of transuranic radio-nuclides is 
desirable. Ph.D. or equivalente in chemistzy or chemical oceanography 
necessary. ® 

Emoluments in the region of U.S. $10,994. Allowances for dependent 
spouse and children. Travel and removal expenses paid. Fixed term appoint- 
ment two years. Send curriculum vitae to Division of Personnel, Inter- 
national*Atomic Energy Agency, P.O. Box 590, A-1011 Vienna, Austria, 
not later than thirty days from today. (2677) 


JUNIOR TECHNICIAN 


required for Department of Histopathology to 
assist in research on multiple sclerosis and ime 
munity in relation to the nervous system. O.N.C. 
or Science A levels an advantage. Apply in 
writing to the Secretary, Guy's Hospital Medical 
School, London Bridge SEI 9RT, giving details 
of age, qualifications and experience, if any, a 

quoting Ref, H.P.1. (2687) 





UNIVERSITY OF STRATHCLYDE 


DEPARTMENT OF PURE AND 
APPLIED CHEMISTRY 


POSTDOCTORAL RESEARCH 
ASSISTANT 


Applications are invited for the position 
of Postdoctoral Research Assistant in the 
Chemical Technology Section. The succes- 
fu] candidate will work with Professor N. 
B. Graham on a research programme involv- 
ing synthetic and morphological studies of 
novel polymeric systems. 

The position will appeal to candidates 
with both enquiring minds and experimental 
skills who like to pursue basic research 
which is clearly relevant to industrial or 
biomedical applications. 

The position is initially tenable for two 
years with a salary of £2,247 during the 
first year. F.S.S.U, benefits. 

Applications (quoting R19/74) with names 
of three referees to Professor N. B. Graham, 
Department of Pure and Applied Chemistry, 
Thomas Graham Building, 295 Cathedral 
Street, Glasgow GI IXL. (2656) 


s 





UNIVERSITY OF READING 
RESEARCH ASSISTANT 


required for two years in Department of Botany 
to work under the direction of Dr. M. W. Dick, 
on the ecology of Mucorales in aquatic eco- 
systems. Applicants should have a good honoyrs 
degree in Botany or Microbiology. Salary approxi- 
mately £1,300 p.a. depending upon age and 
experience. Apply as soon as possible with curri- 
culum vitae and names of two referees and 
quoting ref.: MN 27, to Assistant Bursar 
(Personnel), University of Reading, Whiteknights, 


Reading RG6 2AH, from whom further par- 
ticulars may be obtained. 


(2683) 


Queensland Agricultural College 


(A. Multi-discipline College of Advanced 
Education) 


APPLICATIONS: are invited for appoint- 
ment to the following positions in the 
Department of Plant Industrieg:— 


LECTURER IN ORNAMENTAL 
HORTICULTURE 


LECTURER IN HORTICULTURAL 
AGRONOMY 


SALARY RANGE: Min. 
$11,982 per annum. 


(A commencing salary above the minimum 
of the range may be paid depending on 
qualifications and experience of the success- 
ful applicant) 


QUALIFICATIONS: For both positions, 
the possession of an appropriate degree is 
essential, with major studies in Horticul- 
tural Science and/or allied subjects. Appli- 
cants should have had professional experi- 
ence in ornamental or environmental horti- 
culture in the one case and horticultural 
agronomy, preferably with vegetable crops, 
in the other. 

Preference may be given to an applicant 
who holds a higher degree and who has 
completed a relevant and recognised course 
of training as apart from studies within a 
basic degree course. General personal suit- 
ability and ability in teaching are also re- 
quired. 


GENERAL: The College is located 90 km 
west of Brisbane in the rich sub-tropical 
Lockyer Valley. Tropical and temperate, 
arid and humid, environments are within 
easy access. There is extensive vegetable 
production for processing and the fresh mar- 
ket in the Lockyer Valley and adjacent 
areas. 

The College will pay fares and assist with 
removal expenses for the succcessful appli- 
cant and family, and may assist in pro- 
viding temporary accommodation. 


APPLICATIONS: Containing full particu- 
lars of name, address, date of birth, marital 


$8,698—Max 


` status, qualifications, experience, present em- 


ployment and furnishing the names of two 
refereees should be forwarded to the Regis- 
trar, Queensland Agricultural Colfege, 
Lawes, Q*ld, 4345 by August 10, 1974. 
The successful applicant will be required 
to take up duties prior to ‘the commence- 
ment of the 1975 academic year in Febru- 
ary. (2670) 





° THE ROYAL 
VETERINARY COLLEGE 
(University of London) 
Division of Paraclinical Studies 
DEPARTMENT OF PATHOLOGY 
LECTURER IN VIROLOGY 


Applications are invited from veterinary and 
science graduates for the newly-created post of 
Lecturer in Virology which is available from 
October 1, 1974. 

Candidates should have 
graduate experience in animal virology and 
possess a Ph.D. or equivalent degree. The 
appointee will be required to participate in teach- 
ing virology and virus diseases at the under- 
graduate and postgraduate levels. Strong research 
interests are essential; good facilities available, 
including supply of gnotobiotic animals. Prospec- 
tive applicants are invited to contact Professor 
W. Plowright for further information. 

Salary scale: 2,118 to 4,896 plus London Allow- 
ance (under review) at present £162 per annum, 
plus threshold supplement. Initial salary accord- 
ing to qualifications and experience, Superannua- 
tion under F.S.5.U. ; 

Application form and further details available 
from Assistant Secretary (Personnel) (N). The 
Royal Veterinary College, Royal College Street, 
London NWI OTU. Closing date for applications: 
August 19, 1974. (2674) 


considerable post- 





FELLOWSHIPS AND 
STUDENTSHIPS 





UNIVERSITY OF BIRMINGHAM 
FACULTY OF MEDICINE AND 
DENTISTRY 
DEPARTMENT OF PHYSIOLOGY 


Applications are invited for a POSTDOCTORAL 
RESEARCH FELLOWSHIP to collaborate in a 
study of the physiological and pharmacological 
regulation of renin release under the supervision of 
Dr B. Singer. 

Starting salary up to £2,553 p.a. plus F.S.S.U., 
depending on age and experience. . 

Applications, with curriculum vitae, naming two 
referees, should be sent to Professor S. M. Hilton, 
Head of the Department of Physiology, The Medical 
School, Birmingham L15 2TJ. (2476) 





RESEARCH STUDENTSHIPS 


Applications are invited for two three-year 
Research Studentships, tenable from October 1, 
1974. at the M.R.C. Dunn Nutritional Laboratory, 
Cambridge, in the following areas: 


(1) The relationship between protein metabolism 
and hormonal status in animals subjected to 
protein-energy malnutrition. 


(2) The biochemical effects of riboflavin deficiency 
in an experimental animal, to relate the known 
parameters of subclinical riboflavin deficiency with 
biochemical lesions which may have pathological 
consequences. These studies will form part of a 
new programme, the aim of which is to examine 
various aspects of human nutritional status in 
relation to the water-soluble vntamins. 


Applicants should have, or be expecting this 
summer, a first or upper second ciass honours 
degree, preferably in Biochemistry or Nutritional 
Science, and should send their curriculum vitae and 
names of two referees for (1) to Dr P. G. Lunn 
and (2) to Dr C. J. Bates, at the Dunn Nutritional 
Laboratory, Milton Road. Cambridge CB4 1XJ, 
not later than June 30, 1974. (2556) 





UNIVERSITY OF EXETER 


DEPARTMENT OF 
ENGINEERING SCIENCE 


RESEARCH STUDENTSHIP 


The Science Research Council has allocated a 
C.A.S.E. (Co-operative Award in Science & 
Engineering) studentship for three years (starting 
October 1974) to suitably qualified graduates 
interested in carrying out at the University 
of Exeter a "Study of deformation and failure of 
surface coatings on metals”, 

he co-operating body is the British Railways 
Board, Research & Development Division, Derby. 

The value of the award is not Jess than £695 

ox £540 (for students living in parental home). 

Applicants should possess, or expect to obtain 
in the Summer of 1974, a first or upper second 
class honours degree in Materials, Metallurgy, 
Physics or Engineering. 

Further details and application forms can be 
obtajned from: 

Dr C. A. Brookes, 

D&partment of Engineering Science, 
University of Exeter, 

North Park Road, m 
Exeter EX4 4QF. r 

Applications should be,senty in as soon as 
possible, (2583) 
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North East 


London 
Polytechnic . 





Department of 
Biological Science 


SRC Research 
Studentship in 
Plant Tissue 
Culture 


Applications are invited for a Science 
Research Council Studentship tenable from 
October 1, 1974, 


Applicants should be interested in work- 
ing with plant tissue cultures. Areas in 
which work is in progress include the effect 
of cytokinin on protein synthesis and ultra- 
structure in soybean callus tissue; and on 
organogenesis and the isolation of variant 
cell clones in legumes and cereals. The 
successful candidate would be expected to 
work on one of the above projects under 
the supervision of Dr K. C. Short. 


Further details may be obtained from the 
Head of Biological Science Department, Ref. 
S/CF130, North East London Polytechnic, 
Romford Road, London, E15 4LZ. (01-555 










0811), to whom applications (curriculum 
vitae and names of 2 referees) should be 
made as soon as possible. (2607) 





UNIVERSITY OF SOUTHAMPTON 


DEPARTMENT OF CHEMISTRY 


POSTDOCTORAL FELLOWSHIP 
IN SYNTHETIC ORGANIC 
CHEMISTRY 


A fellowship is available now for a one-year 
period, although a starting date in October or 
later could be arranged. The appointment will be 
renewable for a second year, Salary in the usual 
range, £1,929 to £2,223 (under review) plus 


Applications including the names of two referees 
should be sent as soon as possible to Professor 
R. C., Cookson, F.R.S., Department of Chemistry, 
The University, Southampton SO9 SNH, from 
whom further particulars may be obtained. 

(25 


UNIVERSITY OF WARWICK 


POSTDOCTORAL FELLOWSHIP IN 
BIOLOGICAL SCIENCES 


Applications are invited for the above post to 

work on the isolation of messenger RNA for the 
small sub-unit of Fraction I protein. The work 
will be carried out in the Chloroplast Research 
Group under Dr R. J. Ellis. The appointment is 
for two years commencing October, 1974. 
Salary in the range £2,118 by £129 to £2,412 p.a. 
with FSSU. Further details and application forms 
may be obtained from the Academic Registrar, 
University of Warwick, Coventry CV4 7AL, to 
whom completed applications should be returned 
by July 12, 1974. Please quote Ref. No. 
46/2Q/74. (2611) 


UNIVERSITY OF ST. ANDREWS 
RESEARCH STUDENTSHIP 


GATTY MARINE LABORATORY 


Applications are invited for an S.R.C. 
studentship (£695) in the Laboratory from 


intending graduates interested in the study 


of invertebrate nervous systems: non- 
nervous conduction; sense organs; innerva- 
tion of fish heart; pharmacology of small 
neurones. Application not later than July 
5, 1974 to Professor M. S. Laverack, Gatty 
Marine Laboratory, St. Andrews. 

(2604) 
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Dunstaffnage Marine 
Research Laboratory 


Applications are invited for a three year 
studentship to work on the role of meio- 
fauna, particularly protozoa, in processes 
originating from the breakdown of cellulose 
fibre in marine sediments, The studentship 
carries with it a substantial equipment 
allowance. The successful applicant would be 
expected to read for a Ph.D. and would be 
required to satisfy University regulations for 
a higher degree. Application forms and 
further information can be obtained from 
the Director, Dunstaffnage Marine Resedrch 
Laboratory, P.O. Box 3, Oban, Argyll PA34 
4AD. (2568) 





UNIVERSITY OF SOUTHAMPTON 


FACULTY OF MEDICINE 
CHEMICAL PATHOLOGY 


RESEARCH STUDENTSHIP 


Application are invited from biochemistry or 
physiology graduates, or from those who expect 
to graduate this summer for a Research Student- 
ship leading to a higher degree! Applicants should 
have or expect to gain a good Honours degree. 
The successful candidate will work under the 
supervision of Professor K. G. M. M. Alberti in 
the area of intermediary metabolism jn experi- 
mental diabetes or experimental liver disease. The 
post gives an excellent opportunity to gain experi- 
ence in medical biochemistry. 


The value of the award is £695 per annum plus 
approved fees but this is currently under review. 


Applications and enquiries to Professor 
i . M. Alberti, Chemical Pathology, 
Southampton General Hospital, Tremona Road, 
Southampton SO9 4XY. (2578) 
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UNIVERSITY COLLEGE, CARDIFF 


DEPARTMENT OF APPLIED MATHEMATICS 
AND ASTRONOMY 


S.R.C. POSTDOCTORAL FELLOWSHIP 
IN ASTROPHYSICS 


Applications are invited for an S.R.C. financed 
post-doctoral fellowship. The work js in coliabora- 
tion with an experimental group at U.W.LS.T. 
and is on the theoretical investigation of the optical 
properties of likely constituents of intersteller dust. 
The salary is commensurate with the lectureship 
scale und the post is for three years. 


Applications including the names of two referees, 
to Fhe Registrar. University College, P.O. Box 78, 
Cardiff CFI IXL. Closing date two weeks from 
date of this advertisement. Please quote ref, 0597. 

(2630) 





HERIOT-WATT UNIVERSITY 


Applications are invited for a 


CASE STUDENTSHIP 


in the Department of Chemistry. The 
successful applicant will work in 
collaboration with Organon Labor- 
atories Ltd. on new amino steroids 
in a series already established as 
possessing interesting pharmacological 
and clinical properties. The project 
will involve working both in the 
University and the industrial labor- 
atories. 


Research Fellows 


The Unit operates a 48-inch Schmidt telescope at Siding Spring, 
Australia. The primary purpose of the telescope, which has been in opera- 
tien since July, 1973 is to survey the Southern sky to very faint limits in 
a blue waveband but time in conditions not suitable for survey work is 
used for other approved programmes, 





POST I—SENIOR RESEARCH FELLOW/ 
JUNIOR RESEARCH FELLOW 


An astronomer with research experience is required to join the group 
operating the Telescope at Siding Spring Observatory. The appointment 
will be at Senior Research Fellow or Junior Research Fellow level. 


The primary duty of the person appointed will be to share in the 
demanding task of carrying out the survey to high standards of quality, 
including operation of the telescope and daytime photographic work. 
Ample opportunity exists, however, to make use of the survey material 
and non-survey telescope time for research purposes, and the Anglo- 
Australian 150-inch telescope nearby is expected to become available during 
1975. 


Return fares and removal expenses to Australia paid. Cost of living 
allowances are payable in Australia. 


POST II—SENIOR RESEARCH FELLOW 


An experienced astronomer is required at Edinburgh to be responsible 
to the Head of the Unit for the organisation and pursuit of research 
programmes and for some administration. 


Survey plates are copied for world-wide distribution in an Atlas to be 
published jointly with the European Observatory who are carrying out a 
complementary survey in a red waveband. A limited number of glass and 
film copies of both surveys and of a quick ESO blue survey to less faint 
limits are also being distributed quickly to ESO and UK Observatories 
and Universities. 


Copies of survey plates and original non-survey plates are returned to 
Edinburgh where they are available on application for loan to UK astrono- 
mers for research purposes. Some twenty research programmes are under 
way, many of them involving the Unit on a cooperative basis. 


The duties of the astronomer appointed will be to ensure that existing 
research programmes are pursued with vigour, to initiate new research 
preferably in cooperation with University groups, and to administer the 
receipt, recording and distribution of plate material, A plate librarian is 
to be appointed to assist with the latter task together with routine 
photographic work. 


Qualifications: Candidates for either post should possess a good honours 
degree in astronomy, together with research experience. 


Salary: The fellowships will be for three years and will attract a fixed 
salary, determined according to age, qualifications, and experience on the 
appropriate scale: SRF £2,794 to £3,408 

JRF £1,914 to £2,498 


Provision can be made for F.S.S.U. 
Application forms, which should be returned by July 5, 1974, are obtainable 
from: Mr A. Carter, Science Research Council, c/o British Rail Engineering 


Ltd., Swindon Works, Swindon SNI 5BW. 
Tel: Swindon 26222 Ext, 22. (2624) 


a eS ES. 
i ww 


The University is situated in a 

parkland campus just outside Edin- 
urgh, 

The student, who should have a 
good Honours degree, will register 
for the degree of Ph.D. Enquiries 
should be sent to Dr M. M. Campbell, 
Department of Chemistry, Heriot- 
Watt University, Riccarton, Mid- 
lothian EH14 4AS., (2585) 


UNIVERSITY OF WARWICK 


POSTDOCTORAL FELLOWSHIP IN 
BIOLOGICAL. SCIENCES 


Applications are invited for the above post to 
work on the mechanism of interferon induction 
by polynucleotides. The appointment is for three 
years commencing on October f, 1974. Salary in 
the range £2,118 by £129, £2,247 by £165 to 
£2,412 p.a. with FSSU. Further details and @ppli- 
cation forms may be obtained from the Academic 
Registrar, University of Warwick, Coventry CV4 
7AL, to whom completed applications should be 
returned by July 19,. 1974. Please quote Ref. No. 
46/Q/74,.¢@ (2612) 
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UNIVERSITY COLLEGE, CARDIFF 


DEPARTMENT OF APPLIED MATHEMATICS 
AND ASTRONOMY 


Applications are invited for an S.R C. financed 
post-doctoral fellowship on the theory of dis- 
ordered semiconductors. The post is for three years 
and the salary will be commensurate with the 
lectureship scale. 


Applications, including the names of two 
referees, to The Registrar, University College, 
P.O. Box 78, Cardiff CFi IXL. Please quote ref. 
0596. (2629) 


, 


UNIVERSITY OF STRATHCLYDE 
Department of Pharmaceutical Chemistry 


S.R.C. RESEARCH STUDENTSHIP 
ENZYME CHEMISTRY AND TECHNOLOGY 


Applications are invited from candidates who have or expect to attain 
first or upper second class Honours degrees in Chemistry, Biochemistry or 
related disciplines. The research will be in one of the following areas: 
adsorption and micro-encapsulation of enzymes; membrane-dependence of 
intracellular enzymes; applications of circular dichroism; genetically 
determined enzyme polymorphism. 


Applications and enquiries to Professor J. B. Stenlake, Department of 
Pharmaceutical Chemistry, Royal College, University of Strathclyde, 204 
George Street, Glasgow, G1 1XW. (2610) 


THE MICHAEL SOBELL CANCER RESEARCH 
FELLOWSHIPS OF THE CANCER RESEARCH 


CAMPAIGN 


IN ASSOCIATION WITH THE ROYAL COLLEGE OF 
PATHOLOGISTS 


Applications are invited for the above two Fellowships, 
endowed through the generosity of Sir Michael Sobell and 
intended for young graduate research workers to undertake 
laboratory research into some aspect of cancer. The Fellowships 
would normally be held for a period of from three to five years, 
and could include a period of work abroad. The salary would be 


appropriate to the age, qualifications and experience of the suc- 
cessful candidates, and funds would be made available for the 
running expenses of the work undertaken, and also, if applicable, 
for a limited amount of travel. 


Applicants should submit their curriculum vitae and full details 
of their proposed project, and name both the Institute at which 
the work will be carried out and the Director who would super- 
vise it. These details, with the names of three referees, should be 
sent to: 


The Secretary General 
Cancer Research Campaign 
2 Carlton House Terrace 
London SWIY 5AR 


and must reach him not later than July 29, 1974. 
(2620) 








POST DOCTORAL RESEARCH FELLOWSHIP 


Applications are invited for a post-doctoral fellowship, tenable for one 
year, starting October 1974. 


The project, directed by Dr. C. Descoins and Dr. P. Carle, involves an 
investigation on aggregating pheromones of European bark beetles. Can- 
didates with a training in biochemistry or organic chemistry and a general 
interest in entomology preferred. Salary 30,000 French Francs per annum, 
plus 5,000 F.F. travel allowance. 


The work will be carried out at Ecole Normale Supérieure (Paris) for 
10 months and at Station de Recherches Forestjéres (Avignon) for 2 months. 


Application, with curriculum vitae citing two referees, should be sent to 
Dr. Descoins, Chemistry Department, Ecole Normale Supérieure, 24 rue 
Lhomond, 75231-Paris, cedex 05, France, e «e 2675) 


N ¥ 


i 


* 


Nature Vol. 249 June 28 1974 


UNIVERSITY OF BRISTOL 
DEPARTMENT OF ‘PHYSICAL CHEMISTRY 


S.R.C./C.AS.E. RESEARCH 
STUDENTSHIPS 


Applications are invited for two Ph.D, Research 
Studentshinps available from October t, 1974. 


1 Non-destructive characterisation of equilibra- 
ted alloy surfaces as a function of their bulk 
composition, This project involves Auger and 
photoelectron spectra of alloy surfaces and a 
new method in which the alloy surface is 
titrated using physical adsorption of gas. 
Supervisor-~Dr. D. F. Klemperer 
Co-operating Body—AERE, Harwell. 


2 An investigation of the physical chemistry 
of moisture movement in porous media, with 
particular reference to the slip-custing process. 
Supervisor-~Dr. J. M. Haynes 
Co-operating Body—English China Clays, St. 
Austell, Cornwall, 


Candidates must have a First or Upper Second 
Class Honours degree (or its equivalent) in 
chemistry or physics. : 


Write to the Secretary, 
Department of Physical Chemistry, 
University of Bristol. " 
Cantock’s Close, 
Bristol] BS8 1TS (2619) 





UNIVERSITY OF GLASGOW 


Applications are invited for a research student- 
ship to work on aspects of bacterial clectron trans- 
port or nitrogen fixation. Candidates should have, 
or expect to obtain this year, a first or upper 
second class Honours degree in an appropriate 
subject, and the successful applicant will be expec- 
ted to register for a Ph.D 

Applications stating age, qualifications, experi- 
ence. and the names of two academic referees, 
should be sent as soon as possible to Dr. R. M. 
Daniel, Department of Cell Biology, University of 
Glasgow. Glasgow G11 6NU. 


In reply please quote Ref. No. 3491M. (2634) 





UNIVERSITY OF GLASGOW 
DEPARTMENT OF NEUROLOGY 


Institute of Neurological Sciences, Southern 
General Hospital, Glasgow. 


RESEARCH STUDENTSHIPS 


Applications are invited for two Research 
Studentships in the University Department of 
Neurology. The award is for one year initially 
with the possibility of renewal, at Research Coun- 
cil rates (increase pending). It is intended that the 
holder shall work for a higher degree of the 
University of Glasgow, (M.Sc. or Ph.D) and fees 
will be paid. 

The holder will work upon biochemical and 
physiological changes associated with neurological 
diseases. Current’ projects include studies of anti- 
convulsants in epilepsy, and exercise. Applicants 
should have relevant qualifications. Candidates who 
have graduated in 1973 or are due to graduate 
in 1971 will be considered. 

Applications, with curriculum vitae and the 
names of two referees, should be addressed to 
Dr. R. H. Johnson, Senior Lecturer, University 
Department of Neurology, Institute of Neurologi- 
cal Sciences, Southern General Hospital, Glasgow, 
G51 4TF. eo 

In reply please quote Ref. No. 3492M. (2633) 
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A POSTDOCTORAL 
FELLOWSHIP (M.R.C.) 


is available on a grant held jointly by the Depart- 
ments of Physiology and Chemistry, to study 
mechanisms of sugar transport ‘through biological 
membranes, and related phenomena. The major 
technique to be used will be N.M.R. Spectroscopy. 
Candidates with a chemical or bio-chemical 
background, preferably with N.M.R. experience, 
will be preferred, Please address enquirics to _Pro- 
fessor M. C. R, Symons, Department of Chemistry, 
“The University, Leicester LE1 7RH. (2628) 


ert AN AR 


MEDICAL RESEARCH COUNCIL 
MINERAL METABOLISM UNIT, 
LEEDS 


Applications are invited for an M.R.C. research 
studentship from graduates with a first or upper 
second class honours degree in physiology, bio- 
chemistry or pharmacology who wish to work for 
a Ph.D. The post will be tenable for three years 
from October 1, 1974 and will involve a study of 
galcium transport in muscle and bone. 


Applications, giving details of age and curricu- 
lum vitae and quoting the names of two referees, 
should be made to Dr. W. G. Robertson, M.R.C. 

ural Metabolism Unit, The Genera] Infirmary,’ 
Leeds LS! 3EX, before July 16, 1974. (2665) 
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STUDENTSHIPS 


WYE COLLEGE 
(UNIVERSITY OF LONDON) 


Applications are invited from U.K. graduates 
or frum those due to graduate in the summer 
of 1974 for Science Research Council postgraduate 
studentships tenable from October 1, 1974. A First 
or Upper 2nd Class Honours degree will be ex- 
pected. The fields of research are as follows: 
Department of Horticulture 

Mechanisms controlling the inhibition of flower- 
ing or Studies on the role of leaves in photo- 
periodic reactions, 

Department of Physical Sciences 

A graduate in Chemistry to work on the synthe- 
sis of biologically active compounds. 
Department of Biological Sciences 

Detection of plant viruses in whole plants and 
protoplasts by fluorescence and immunology. 
Department of Poultry Research 

A graduate in physiology or zoology to work 
on the role of centra! transmitter substances in 
avian thermoregulation. 

Value award: £695 per annum plus appropriate 
allowances and expenses, 

Application to the Registrar, Wye College, Wye, 
Ashford, Kent TN25 5AH as soon as possible, 
and in any case not later than July 10, 1974. 

(2660) 


IMPERIAL COLLEGE 


DEPT. OF ZOOLOGY AND 
APPLIED ENTOMOLOGY 


RESEARCH STUDENTSHIPS 
(Pu.D./M.Puit) 


Applications are invited from per- 
sons interested in postgraduate 
studentships (M.R.C. or SRC. 
funded) tenable in the department as 
from October 1, next. These student- ` 
ships will be in the following broad 
fields and application should be made 
to the member of staff concerned at 
Dept. of Zoology, Imperial College, 
London SW7. 


Protozoology, apply to Dr E. U. 
Canning 


Insect behaviour, apply to Professor 
J. S. Kennedy 


Helminthology, apply to Professor J. 
D. Smyth 


Biology of leafhopper, apply to Dr 
N. Waloff 


Applications by July 10. 
(2643) 


FRESHWATER 
BIOLOGICAL ASSOCIATION 
RIVER LABORATORY 


N.E.R.C. RESEARCH STUDENTSHIP 


A studentship is available from October 1, 
1974, for research into the ecology of periphytic 
bacteria and yeasts in rivers under the super- 
vision of Dr. J. H. Baker. Applicants must have 
or expect to obtain a good honours degree or the 
equivalent in an appropriate subject. Applications 
with curriculum vitae and names of referees, as 
soon as possible to the Secretary, Freshwater 
Biological Association, The River Laboratory, 
East Stoke, Wareham, Dorset BH20 6BR. 

(2679) 





UNIVERSITY OF READING 


DEPARTMENT OF PHYSILOGY AND 
BIOCHEMISTRY 


_ The Ministry of Agriculture, Fisheries and Food 
is prepared this year to offer to a suitable can- 
didate a Studentship tenable in the Department 
of Physiology and Biochemistry in the University 
of Reading. The value of the MAFF award in 
1974 will normally be £695 per annum. The sub- 
ject for research leuding to a Higher Degree will 
be either: protein and amino acids in the growing 
rabbit or citrate and malate metabolism in the 
pregnant ewe. Work should start in October 1974 
and applicants should hold at least an Upper 
Second Class degree in a suitable subject or hopes 
to qualify this Summer. Further particulars may 
be obtained from: Professor C. Tyler, Department 
of Physiology and Biochemistry, The University 
Whiteknights, Reading RG6 2AJ. Ref, M.N i8. 
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UNIVERSITY COLLEGE 
CORK 


Applications are invited for the 
folowing research appointment in 
Physical Chemistry, supported by 
external funds and tenable for one 
year from August 1974. 


POST-DOCTORAL FELLOWSHIP 
IN DYNAMIC MASS 
SPECTROMETRY 


Qualifications: Ph.D. in physical 
science, and additional research ex- 
perience, preferably in the applica- 
tion of Rapid Scanning Mass Spectro- 
metry or in interfacing mass 
spectrometers with a computer, 


Duties: Full time research in the 
development of dynamic mass spectro- 
metry and the application of mass 
spectrometry to study heterogeneously 
catalysed reaction. 


Stipend: Within the range £1,800 to 
£2,250. 

Applications with Curriculum Vitae 
and names of two referees to: 

Professor of Physical Chemistry, 

University College Cork, 

Ireland. 


Closing date July 15, 1974. (2690) 





KING’S COLLEGE, CAMBRIDGE 


FELLOWSHIP IN APPLIED 
PROBABILITY THEORY IN 
RELATION TO POPULATION 

BIOLOGY 


Applications are invited for Fellowships in the 
above field, including population and human 
genetics, ecology, evolutionary theory, demography 
and stochastic diffusion processes to be held (from 
October 1975 or by arrangement) in the King's 
College Research Centre where computing facili- 
ties are available. Senior {age limit of 32) and 
Junior (age limit of 28 years and not more than 
about 3 years research experience) fellowships 
are available, together with an unrestricted fellow- 
ship which could be held by a senior worker on 
sabbatical leave. Maximum tenure, 4 years. 
Closing dates: October 1, 1974, for seniors and 
open; November 15, 1974, for juniors, 


Salary: This is based on age and linked to the 
University lecturer scale. For an unmarried 
Fellow who is provided with free-accommodation 
in the College it ranges at present from about 
£1,500 at age 24 or below to £3.450 at age 36. 
Married Fellows receive £500 more, £625 if they 
have a dependent child or children. ®, 


Details of accommodation, research facilities, 
ete., from: The Convener, King’s College Research 
Centre, King’s College, Cambridge CB2 IST, 
England. (2680) 





MISCELLANEOUS 





WEDDING 


Bullard, Edward Crisp to Curnow, Ursula at 
Braintree Registry Office, June 17, 1974. (2693) 





LECTURES AND COURSES 








UNIVERSITY OF STRATHCLYDE 
DEPARTMENT OF BIOCHEMISTRY 


M.Sc. in BIOCHEMISTRY OF REPRODUCTION 


A 12 months’ course in Biochemistry and Physiology of 
Reproduction in the female mammal commencing October 1974. 


The Course is designed for graduates in a Life Science, 
including Medicine and Veterinary Medicine, and consists of 
lectures, seminars and practical work in biochemistry and endo- 
crinology as applied to the Study of Reproduction. 


M.R.C. Scholarships available for suitably qualified applicants. 


Applications should be made to Professor P. J. Heald, Depart- 
ment of Biochemistry, University of Strathclyde, 204 George 
Street, Glasgow, G1 1XW, from whom further information can 


be obtained. 





FEBS Advanced Course No. 28 
Rapid Reaction . 
in Biochemistry | 

Rome, October 21—26; 1974 


This Advanced Course, ` for 20-25 parti- 
cipants, will consist of lectures and practical 


demonstrations on methods for studying. 


rapid reactions, application to biochemical 
systems, and analysis of kinetic data. 


The Course fee of about DM 300 will 
include accommodation and meals. 


Applications should be sent as soon æ 
possible to: FEBS Advanced Course,, c/o 
Prof, E. Antonini, Istituto di Chimica Bio- 
logica, Città Universitaria, 00185 Roma, 
Italy, with a copy to Prof. M. Gruber, Bio- 
chemisop Laboratorium, Zernikelaan, Gro- 
ningen, The Netherlands. ə (2608) 





(2609) 





PROTEIN SEQUENCING 


EMBO and the Max-Planck-Geselischaft sponsor 
jointly a course in protein sequencing to be held 
at the Max-Planck-Institut fiir Biochemie in Munich 
during November 10-16, 1974. 

A purpose of the course is ta assist laboratorie: 
wanting to take up sequencing. particularly auto 
matic sequencing with sequenators. The course will 
consist of lectures and laboratory exercises and 
should impart a working knowledge of commonly 
used techniques. 

Qualified to participate in the course are those 
who intend to do protein sequencing in the near 
future and who possess academic qualifications 
equivalent to or higher than a Master of Science 
degree. 

Because of the intensive mature of the course 
the number of participants has been restricted to 12. 

Board and lodging will be provided free of 
charge at the guest house of the Institute. Funds 
are available to cover substantially the travelling 
costs from and to the home country. 

Appligants should give a brief curriculum vitae 
including academic qualifications, and should state 
the reason for wishine to participate in the course. 

Enquiries and applications should be directed to 
the Course Director, Dr Agnes Henschen, Max- 
Planck-Institut für Biochemie, 8033 Martinsried bei 
Miinchen, West Germany. 

Deadline for applications is September 1, 1974. 


(2.472) 
s 
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UNIVERSITY. OF BRADFORD 


Postgraduate School of Studies in Pharmacology 
M.Sc. COURSE IN EXPERIMENTAL 
PHARMACOLOGY 


Applications are invited from graduates in 
pharmacology, pharmacy or other appropriate 
subjects, for admission to the course starting in 
October, 1974. The course-is of one year in dura- 
tion’ and consists of four parts concerned with 
quantitative pharmacology, toxicology, psycho- 
pharmacology and a research project. The aim 
is to provide instruction and experience of re- 
search: methodology as appropriate to the investi- 
gation of mechanisms of action of drugs. M.R.C. 
advanced course studentships are available for 
suitably qualified applicants. Further informa- 
tion and application forms are obtainable from 
the Secretary of the School of Studies in Pharma- 
cology, University of Bradford, Yorkshire BD7 
IDP. - (2645) 





GRANTS & SCHOLARSHIPS 


THE WEST OF SCOTLAND 


AGRICULTURAL COLLEGE 
RESEARCH SCHOLARSHIPS 


Applications are invited from graduates with a 
Ist or 2nd class Honours degree in an appropriate 
subject for a Research Scholarship leading to a 
University higher degree. Suitable projects are 
available in Agronomy, Animal Husbandry, 
Agricultural Economics and Marketing, Agri- 
cultural Botany, and Agricultural Zoology. The 
current value of the awards, which will be 
tenable for 2 or. 3 years, is £750 p.a. plus fees 
and approved travel expenses, 

Applications, stating age, 
experience, together with the names of two 
academic referees, should be sent as soon as 
possible to the Secretary, the West of Scotland 
Agricultural College, Auchincruive, Ayr, 
SHW. (2574) 


UNIVERSITY OF ABERDEEN 
MILNER SCHOLARSHIPS 
Applications are invited from men only for two 


MILNER SCHOLARSHIPS tenable at the Uni- 
versity of Aberdeen for research in: - 


(I) BACTERIOLOGY, : 
(2) PATHOLOGY (to join one of the research 


qualifications and 





groups investigating ‘‘control of the mitotic ~~: 
cycle”, ““degradation of immunoglobulins’ or ’ 


“serum globulins and malignant cells’’.) 


. Applicants for the Bacteriology Scholarship 
must hold a good Honours Degree in Biochemistry 
‘or Microbiology; those for the Pathology Scholar- 
' ship in Biochemistry or Zoology/Biology. 
- The Scholarships. each of £1,000 per annum. 


are tenable for one year from October 1974 in 

the first instance, but are renewable; any fees due 

holder will also be paid. 

(2 copies) to the Secretary, The 

1974, stating 

of two referees. 
(2586) 


from the 

Applications 
University, Aberdeen, by July 12, 
qualifications and giving names 





MEDICAL RESEARCH COUNCIL 


BLOOD PRESSURE 


UNIT 
(GLASGOW) 


Applications are invited for a Medical 
Research Council Training Scholarship in 
the above Unit. The award is for up to £695 
per annum and the work caried out eligible 
for a Ph.D. The research envisaged is the 
biochemical investigation of peptide hormones 
(in particular antidiuretic hormone) produced 
by malignant neoplasms. 


Applications, with curriculum vitae, to 
Dr. J. J. Morton, Medical Research Coun- 
cil Blood Pressure Unit, Western Infirmary, 
Glasgow Gli 6NT. (2625) 


ae ae a A, 
MEETINGS 


NUDE MICE—THEIR HUSBANDRY 
l AND USE 


An informal one-day meeting on the husbandry 
and use of the Nude mouse will be held at the 
Medical Research Council, Laboratory, Animals 
Centre, Woodmansterne Road. Carshalton, Surrey, 
SM5 4EF (Tel: 01-643 8000) on Tuesday, July 16, 
1974. Applications to attend this meeting (for 
which there will be no charge) are invited from 
interested research workers. Numbers will be 
restricted to a total of 40 people. Copies of the 
. Programme are avdilable from Dr. M. Festing 
at the above address. A (2691) 


N 
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The THIRD INTERNATIONAL SYMPOSIUM 


will be held at 






University of Sussex, Brighton, England 
JULY 6-12, 1975 


Glycoconjugates: 
Functions in Animals 


The programme will include symposia on the control of synthesis, 
glycoconjugate production by cultured animal cells, pathology of glyco- 
conjugate metabolism, glycoconjugates in the neoplastic transformation, 


In addition Workshops will include the chemistry and biology of trans- 
plantation antigens, glycoconjugates of viruses, nervous tissue and cell 
receptors. 















Information is available from: 


Dr R. C. Hughes 

National Institute for Medical 
Research 

Mill Hill, London NW7 LAA 


Dr R. D. Marshall i 
Department of Chemical Pathology 
St Mary’s Hospital Medical School 
Praed Street, London W2 









(2571) 









FOR SALE AND WANTED 


MOLECULAR BIOLOGY REPORTS 


-'RAPID COMMUNICATIONS IN MOLECULAR BIOLOGY 
i = 


Just published: Volume 1, Nr.6 Ask free sample copy 
D. REIDEL PUBLISHING COMPANY / P.O, BOX 17 | DORDRECHT- HOLLAND 


(2595) 


Always wanted: 
BACK RUNS OF JOURNALS 
IN SCIENCE AND THE HUMANITIES 
WM, DAWSON & SONS LTD. 
Back Issues Department, 


Cannon House, Park Farm Road, 
Folkestone, Kent, England. 


NEUTRON GENERATORS 


100 kV & 150 kV. four different types. new 
or reconditioned & updated secondhand. 
Sames Type J. Kaman Nuckar. Mulivol 
‘do-it ourself? uccelerator kit. Long life and 
high-power rotating targets up to 8 kW beam 
power, for 1Ol2n/s yield. 

For details phone (0293) 22630. or write to 

MULTIVOLT LYD. 
High Street, Handeross, Sussex, England. 
















(2621) Tel.: Folkestone 57421, (1) 
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Studies in History 
and Philosophy 
of Science 


Studies in History and Philosophy of Science is a 
quarterly journal which analyses the genesis, evolu- 
tion and logic of scientific thought. It attempts to unite 
historical and philosophicai approaches to science. 













Recent papers include: 
Maxwell’s Methodology and his application of it to 
Electromagnetism, A. P. Chaimers. The Astronomy of 
Eudoxus: Geometry or Physics?, Larry Wright. 
Conceptual Structures and Scientific Change, Garry 
Gutting. Whewell’s Theory of Scientific Language, 
Morton L. Schagrin. Speculation in Physics: The 
theory and practice of Naturphilosophie, Barry Gower. 
Feyerabend and Galileo: the interaction of theories, 
and the reinterpretation of experience, Peter K. 
Machamer. Edited by Gerd Buchdahl, Reader in 
History and Philosophy of Science, University of 
Cambridge and Professor L. L. Laudan, Chairman, 
History and Philosophy of Science, University of 
Pittsburgh. Published by Macmillan Journals Limited. 



















Annual Subscription £8.50 (£9.50 U.S.A. and Canada). 
Prices applicable only to orders starting before 31st 
December, 1974. Payment may be made in any 
currency at the current exchange rate. Orders must be 
accompanied by remittance. Cheques should be made 
payable to: Macmillan Journals Limited, Subscription 
Department, Brunel Road, Basingstoke, Hampshire 
RG21 2X8, England. 
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Zeiss pocket magnifiers 

į come in three sizesi ___. 
jy Single lens x 6 

#5 Single lens x 10 

yf Double lensx 3x6 
(and thus x 9} £11.99 


Made by Carl Zeiss of West no 
Germany, these invaluable magnifiers ar 













world, Beautifully made and 
remarkable value, 

Prices Include VAT 
and postage. 


` $ ask for a leaflet, to 


Jy 31-36 Foley Street, 
wE London WIP 8AP 
01-636 8050 (15 fines) 


“ZEISS POCKET MAGNIFIERS 
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used in science, industry, medicine, map-reading, 
philately, electronics, geology, 
nature study etc etc all over the 


a f Send cheque or PO, or 


if Carl Zeiss (Oberkochen) 
“f Ltd Degenhardt House 
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CHARLES C THOMAS - PUBLISHER 


FISH CHROMOSOME METHODOLOGY by Thomas E. 
Denton, Samford Univ., Birmingham, Alabama. Divided 
into four general parts, the book includes an introduction 
to the classification and maintenance of fishes. how to 
obtain and present chromosome data, a check list of 
chromosomes containing the numbers and karyotypes from 
over 500 fishes, and a current analysis of the fish 
karyotype. ’73, 176 pp., 10 il, 1 table, $11.50 


METHODS OF MEDIA PREPARATION FOR THE BIO- 
LOGICAL SCIENCES by Joyce A. Stewart, Univ. of 
Tennessee, Knoxville. This reference brings together in one 
book all of the so-called standard formulas for buffers, 
stains, reagents and indicators plus the in-between-the lines 
knowledge learned from trial and error experience. ’74, 108 
pp., 5 il., $7.50 j 


RHEOLOGY OF BIOLOGICAL SYSTEMS. KFdited by 
Henry L. Gabelnick, National Institutes of Health, Bethes- 
da, Maryland, and Mitchell Litt, Univ. of Pennsylvania, 
Philadelphia. (31 Contributors) The rheological properties 
of blood, mucus, sputum, saliva and synovial fluid are 
discussed. The volume presents the proceedings from an 
interdisciplinary symposium on biorheology held in Novem- 
ber, 1971, in San Francisco. ’73, 319 pp., 230 iL, 25 tables, 
$16.95 


THE BOTANY AND CHEMISTRY OF HALLUCINOGENS 
by Richard Evans Schultes, Botanical Museum of Harvard 
Univ., Cambridge, Massachusetts, and Albert Hofmann 
Sandoz Ltd., Basel, Switzerland. Foreword by Heinrich 
Kluver. Directed primarily toward the botany and chemis- 
try of hallucinogens, the book also considers ethnobotan- 
ical, historical, pharmacological and psychological aspects. 
73, 292 pp., 85 iL, 5 tables, $14.75 


THE PRENATAL DIAGNOSIS OF HEREDITARY DIS- 
ORDERS by Aubrey Milunsky, Harvard Univ., Boston, 
Massachusetts. Foreword by John W. Littlefield. Hereditary 
biochemical disorders, chromosomal abnormalities, sex- 
linked disorders and congenital malformations that can now 
be diagnosed in utero are discussed. Carrier detection in 
genetic disease is emphasized. °73, 276 pp., 18 il. {2 in full 
color}, 26 tables, $11.75 


HUMAN AND ECOLOGIC EFFECTS OF NUCLEAR 
POWER PLANTS by Leonard A. Sagan, Palo Alto Medical 
Clinic, Palo Alto, California, Introduction by Rolf Eliassen. 
(15 Contributors) The social. factors surrounding nuclear 
power are discussed—damage to the environment, contam- 
ination of air and water, and the desire for wider 
participation in the decision-making in the use and controls 
put on nuclear power. ’74, about 540 pp. {7 x 10), 138 il., 
&6 tables 


ECOLOGY AND THE QUALITY OF LIFE. kdited by 
Sylvan J. Kaplan, Chevy Chase, Maryland, and Evelyn 
Kivy-Rosenberg, Jersey City State College, Jersey City, 
New Jersey. (24 Contributors) The contributors, represen- 
tatives of a variety of professional disciplines, define the 
problem of ecology and the quality of life. They offer 
changes and improvements for a better future. ‘75, 308 pp., 
23 iL, hl tables. $17.50 
_* Orders with remittance sent by air, postpaid ° 
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Designed to meet the demands for the 

_ production of large quantities of cells | 
for use in biochemical, microbiological 
and other relevant techniques. 


The ‘Luckham Universal roller has been _ 
manufactured so that the basic two. 

tier;model can have further tiers added | 
toa maximum of six. This feature. 
reduces to a minimum thé space taken 
in the “hot” room or incubator. 


The Universal roller is a slow variable 
speed machine for rolling bottles of 
95mm to 100mm diameter or the Sterilin 
plastic vessels. Other sizes to special 
order. There is a choice of two motors ip 


The RMV/1 2/06 giving ey speeds of 





0.146=0:6 rpm 
The = 2/1 O giving roller speeds of 
B 2:41- — E 
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For full information of out complete range of- ‘Laboratory Metalware, please write or ‘elo, : H i 


LUCKHAM LIMITED LABRO works, VICTORIA GARDENS, puhtcess HILL SUSSEX ENGLAND RH15 sai 


Telephone: Burgess Hill 5348 (3 inpe]: Telegraphic: Address: i Hill. Telex: 87323 F,S.1, BRIGHTON. Code Luckha®. : 
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